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Preface

The aim of this book is to give readers a broad review of urticaria and angioedema, which
may affect people from birth to death, and their treatment options. The book contains the
latest advances and scientific knowledge from the leading experts.

The book consists of 15 chapters in which urticaria classification, urticaria etiopathogenesis,
urticaria clinics, urticarial syndromes, angioedemas, diagnosis, pathogenesis and patho‐
physiology of urticaria, and treatment options are discussed. This book also emphasizes on
the various laboratory tests necessary for urticarias. One chapter of the book is devoted to
comorbidities in chronic spontaneous urticaria. Another chapter is related with pathophysi‐
ology and treatment of hereditary angioedema.

We are thankful to our families for understanding our missed family time and grateful to all
the contributors and leading experts for their valuable chapters, which provide an in-depth
view of all aspects of the content.

We express our heartfelt gratitude to magnificent Ataturk who said “Our true mentor in life
is science" and inspired us the importance of working on positive science.

Assoc. Prof. Dr. Selda Pelin Kartal
University of Health Sciences,
Department of Dermatology,

Dışkapı Yıldırım Beyazıt Training and Research Hospital in Ankara,
Turkey

Assoc. Prof. Dr. Zekayi Kutlubay
Istanbul Cerrahpasa University,

Department of Dermatology,
Turkey





Section 1

Introduction





Chapter 1

Introductory Chapter: Urticaria

Selda Pelin Kartal, Uğur Çelik and Zekayi Kutlubay

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.68997

1. Introduction

Urticaria, also known as hives, is a common pruritic skin disease which is characterized by 
erythematous and edematous papules and plaques. These lesions have a transient nature 
which means a single-lesion heals within 24 h but new lesions may occur recurrently. The 
disease may be idiopathic or inducible and it is called chronic when intermittent attacks last 
for more than 6 weeks [1].

The lifetime prevalence of urticaria is 10–20%, while this rate is approximately 2% in its 
chronic form [1, 2]. Urticaria can occur at any age but the chronic urticaria form is more com-
mon in adults. The disease can affect both genders but female predominance is evident [2].

Cutaneous mast cells and mediators that are released as a result of mast cell degranulation are 
located at the center of urticaria pathogenesis [3]. Triggering factors may cause mast cell degran-
ulation via different mechanisms such as direct activation or IgE-mediated allergic activation. 
The common outcomes are the release of mediators such as histamine and their clinical effects. 
Beside pruritus, these vasoactive mediators are responsible for vasodilation and subsequent ery-
thema and edema [3, 4]. Activation of mast cells in superficial dermis causes urticarial papules 
and plaques while angioedema occurs as a result of mast cell involvement in deeper tissues [5].

There are many triggering factors for urticaria but determining a specific cause is not always 
possible. This quest is more complicated in some cases, especially in chronic ones. In addition 
to classification as acute or chronic, the disease may also be defined with etiologic factors, 
such as physically induced, autoimmune, or idiopathic urticarial [6]. Drugs, viral, bacterial or 
parasitic infections, insect bites, foods, physical factors, autoimmune diseases, and emotional 
stress are leading causes in etiology [6, 7].

It is known that infections may cause urticaria but the mechanism is unclear [8]. It is also dif-
ficult to determine if the trigger was an infection or a drug used for the treatment of infection. 
Nonsteroidal anti-inflammatory drugs and antibiotics, especially beta lactams, constitute 
a significant proportion of drug etiology. These drugs mainly cause urticarial reaction via 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



IgE-mediated immunologic pathways [9]. In addition, some drugs such as vancomycin, nar-
cotic analgesics, barbiturates, neuromuscular blockers, and radiocontrast agents may cause 
 urticarial eruption via direct mast cell degranulation [9, 10]. Nonsteroidal anti-inflammatory 
drugs may also trigger urticaria by interfering with arachidonic acid metabolism via cyclo-
oxygenase 1 enzyme inhibition. This blockage leads to increased synthesis of cysteinyl leukot-
rienes. This form of urticarial reaction is called pseudoallergy [10].

Physically induced urticarias are thought to occur as a result of increased mast cell sensitiv-
ity to environmental stimuli. Physical factors that may trigger urticaria include ultraviolet 
light, pressure, vibration, exercise, water contact, cold or heat exposures, and increased body 
temperature [11].

Systemic diseases can also be the underlying cause of urticaria. Therefore, the presence of any 
accompanying systemic symptoms is significant. Autoimmune and rheumatologic diseases 
constitute the majority of this group [12]. Systemic diseases include cutaneous vasculitis, sys-
temic lupus erythematosus, celiac disease, diabetes mellitus, Sjögren's syndrome, rheumatoid 
arthritis, autoimmune thyroid disease, and mastocytosis [1, 12]. Malignancies may also trig-
ger urticaria and the disease tends to be persistent in this case [13].

Elementary lesion of urticarial eruption is papule or plaque with erythema and edema. 
Circumscribed, pink-to-red lesions elevated from the skin vary in size and shape. These 
plaques which may tend to merge with central pallor can affect any region of the body [14]. 
Pruritus is the main annoying symptom which mostly interferes with daily activities of the 
patients [15]. Although a single urticarial lesion is transient, repetitive character of the erup-
tion is a significant problem. Lesions persisting beyond 24 h with residual petechia or hyper-
pigmentation, especially if accompanied by systemic symptoms such as fever and arthralgia, 
may suggest urticarial vasculitis in differential diagnosis and warrant skin biopsy [16].

Angioedema may accompany urticaria if the mast cells in the deeper dermis and subcutane-
ous tissue were involved in reactions. When this occurs, the lips and eyelids are the regions 
mainly affected [1]. Urticaria may also be a component of severe systemic allergic reactions, 
anaphylaxis, and so patients should always be examined for accompanying signs and symp-
toms such as flushing, swollen lips and tongue, difficulty in breathing, hoarse voice, hypoten-
sion, dizziness, hypotonia, syncope, nausea, vomiting, abdominal pain, and incontinence [17].

Diagnosis of urticaria is mostly based on anamnesis and physical examination. Due to the 
transient nature of the rash, there may be no lesions during a doctor visit. In this case, the clin-
ical history of intensely pruritic lesions that heal within a few hours may be the only clue for 
urticaria diagnosis. In uncertain cases, asking patients to take a photo when they have a rash 
is a helpful method. It may be advisable to mark a single lesion and note the time it appeared 
and disappeared to determine the duration. Observation of characteristic erythematous and 
edematous papules and plaques supports the diagnosis. Association with angioedema and/or 
anaphylaxis should always be kept in mind and questioned [1, 2].

Skin biopsy is not indicated for the diagnosis of urticaria unless there is suspicion of urticarial 
vasculitis or mastocytosis. If vasculitis is suspected, an additional skin sample should be taken 
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for immunofluorescence examination. Histopathological findings of urticaria include intersti-
tial edema and perivascular mixed cellular infiltrate. T lymphocytes are predominant cells in 
this infiltrate but eosinophils, neutrophils, and basophils may also exist in a lesser extent [18]. 
Leukocytoclasis and fibrinoid necrosis of vessel walls are signs in favor of vasculitis [16].

Once the diagnosis is confirmed, it becomes important to find out triggering factors, if pos-
sible. Detailed anamnesis is important to determine any triggering medication, infection, or 
physical stimuli such as scratching, sunlight, pressure, heat or cold contact, exercise, and water. 
Challenge tests may be performed for the diagnosis of physical urticaria but caution should 
be exercised during the procedure because serious systemic allergic reactions can develop.

Autologous serum skin tests may be used to differentiate autoimmune urticaria, but patients 
should cease antihistamines at least 3 days prior to the procedure. In this subtype of urticaria, 
intradermal injection of patient’s own serum results in an urticarial reaction within 30 min [19].

It is not indicated to use laboratory tests for patients with acute urticaria unless they have 
signs and symptoms suggesting an underlying systemic disease [1]. In chronic cases, initial 
laboratory examinations may include complete blood count, fasting blood glucose, erythro-
cyte sedimentation rate, C-reactive protein, kidney and liver function tests, urinalysis, and 
total serum Immunoglobulin-E levels. Additional tests such as antinuclear antibody, rheuma-
toid factor, complement C3 and C4 levels, thyroid hormones and autoantibodies, serology of 
Hepatitis viruses, Helicobacter pylori antigen, and fecal parasite examination can be performed 
if an infectious disease or an autoimmune disease is suspected [1, 12].

After diagnosis, determining the severity of the disease becomes important to evaluate the treat-
ment response objectively. There are some scoring systems used for this purpose, one of which 
is the urticaria activity score (UAS). It is a widely used scoring system questioning the intensity 
of pruritus and the number of wheals in a day. Higher scores mean a more severe disease [20].

2. Conclusion

Generally, the disease is self-limited and it shows regression in a few weeks for most cases. 
Some patients may have persistent symptoms for months or years and the disease is consid-
ered chronic beyond 6 weeks.

If possible, the prevention of trigger is the first step of treatment. Treatment aim is to control 
symptoms with minimal side effects. H1 antihistamines are the drugs most commonly used 
for this purpose. Second-generation H1 antihistamines, such as cetirizine and loratadine, are 
used as first-line treatment options. These newer, non-sedative antihistamines are more pre-
ferred than first-generation ones such as hydroxyzine and diphenhydramine. First-generation 
antihistamines may have also the disadvantage of anticholinergic side effects in addition to 
their sedative effects. In unresponsive cases, dose increment up to fourfold of standard thera-
peutic doses is recommended by the latest guidelines [1, 21]. Increasing the dose of a particu-
lar antihistamine is thought to be superior to the combined use of multiple antihistamines at 
standard doses [21]. H2 antihistamines may be used in combination with H1 antihistamines.

Introductory Chapter: Urticaria
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Short-term systemic glucocorticoid therapy may be administered in addition to antihista-
mines for acute urticarial attacks, particularly when accompanied by angioedema [1]. Long-
term usage of systemic glucocorticoids is not recommended because of potential side effects.

Antileukotrienes, such as montelukast and zafirlukast, are generally added to antihistamines 
as second-line treatment options in chronic cases refractory to high-dose antihistamines. 
Immunosuppressive agents, especially cyclosporine, are efficient to treat chronic urticaria but 
potential side effects must always be kept in mind. Dapsone, hydroxychloroquine, sulfasalazine, 
and mycophenolate are other less recommended drugs for the treatment of urticarial [1, 21]. 
Omalizumab, which is a safer alternative to those mentioned above, has recently come to the 
forefront in the treatment of chronic urticaria. It is an anti-IgE monoclonal antibody which has 
a good efficacy and safety profile [22, 23]. It also has the ease of use with monthly subcutaneous 
injections.

Since chronic urticaria treatment may become complicated, treatment switch, or combination 
is not surprising for most cases.
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Abstract

Urticaria is a common mast cell–mediated dermatosis presenting with pruritic ery-
thematous superficial plaques also known as hives or wheals. Angioedema is an acute 
condition manifesting as localized edema affecting the skin and mucous membranes. 
In contrast with urticaria, itching is often absent, the skin appears normal and the edema 
occurs in deeper dermal and subcutaneous tissues in angioedema. Spontaneous urticaria 
can either be acute lasting less than 6 weeks or chronic with a duration of more than 
6 weeks. In acute urticaria cases, an underlying cause, mostly medications, foods and 
infections, may be found in approximately 50% of patients. However, spontaneous urti-
caria is generally idiopathic. First-line treatment option for both acute and chronic urti-
caria is non-sedating H1 antihistamines. Patients with recalcitrant disease are candidates 
for therapy with corticosteroids, immunosuppressives or omalizumab treatment. There 
are two different mechanisms causing angioedema. The first is mast cell mediated and 
is considered to be part of the spectrum of spontaneous or inducible urticarias. Patients 
present with angioedema alone or angioedema combined with urticaria. The second is 
bradykinin-induced angioedema, as observed in the hereditary angioedema and angio-
tensin-converting enzyme (ACE) inhibitor–induced angioedema.

Keywords: angioedema, spontaneous urticaria

1. Introduction

Urticaria is a common mast cell–mediated dermatosis presenting with pruritic erythema-
tous superficial plaques also known as hives or wheals. There may be associated swelling in 
deep dermis or subcutaneous tissue leading to angioedema [1]. Angioedema is rather painful 
than pruritic and takes longer time to resolve in contrast to the wheals which usually disap-
pear within 24 hours [2, 3]. The disease has considerable impact on patients’ quality of life 
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with  dissatisfaction in private life and work being frequent [4]. Non-sedating H1 antihista-
mines are the first line therapy for both acute and chronic urticaria. Apart from angioedema 
which is part of the spectrum of urticaria, there is bradykinin-induced angioedema, such as 
that observed in the hereditary angioedema characterized by angioedema without wheals. 
Management of isolated angioedema differs from that of urticaria involving both preventive 
measures and treatment of acute attacks [5].

2. Classification

The current classification of urticaria is based upon the clinical course of the disease. Subtypes 
include spontaneous urticaria, physical urticarias and other urticaria types [2]. Spontaneous 
urticaria can either be acute lasting less than 6 weeks or chronic with a duration of more 
than 6 weeks. This arbitrary division for chronicity has been made as the etiologies and thus 
the clinical evaluation of acute and chronic urticaria vary considerably [3]. The physical and 
other urticaria types are elicited by external stimuli, such as heat, cold, pressure, vibration, 
friction, sunlight, water, etc. [6]. These two subtypes of urticaria are beyond the scope of 
this chapter.

3. Epidemiology

An episode of urticaria can occur in 15–25% of individuals at some point in their lifetime. 
Approximately 40% of patients with urticaria have wheals associated with angioedema and 
1–13% of patients present with isolated angioedema [3, 7]. Socioeconomic status, ethnicity 
and education do not have any clear influence on the prevalence of the disease [3].

At first all cases of urticaria are acute; 30% of them progress to become chronic [7]. Acute 
episodic form of urticaria commonly presents in infancy and childhood, particularly in atopic 
subjects [1, 8]. Chronic urticaria peaks in adulthood between 20 and 40 years of age affecting 
women two times more frequently than men [1, 3, 4]. About 0.5–1% of population has chronic 
spontaneous urticaria at a specific point in time [3].

4. Etiology and pathogenesis

Drugs, foods, viral and parasitic infections, insect stings and contact allergens are present 
among the most common causes of acute urticaria [8]. Drugs most commonly implicated in 
acute urticaria are antibiotics (penicillins and sulfonamides), nonsteroidal anti-inflammatory 
drugs, acetylsalicylic acid, opiates and narcotics. Foods, such as milk, eggs, nuts, fish and 
shellfish are common offenders, as well as food additives, such as tartrazine dyes, benzoic 
acid derivatives like sodium benzoate. Approximately 50% of cases of acute urticaria are 
idiopathic [5, 9].
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The relationship between stress and chronic spontaneous urticaria is not fully understood. 
There are reports showing stressful life events, such as loss of close family member, financial 
problems, major personal illness preceded onset or exacerbation of the disease in a consider-
able subset of patients with chronic spontaneous urticaria [10, 11]. Although many patients 
report stress to exacerbate their disease, there is a lack of well-controlled studies on this 
subject [3].

In 35–40% of patients with chronic urticaria, circulating immunoglobulin G (IgG) autoan-
tibodies against alpha subunit of the IgE receptors are found and in 5–10% of chronic urti-
caria patients, there is IgG antibody to IgE. This subtype of chronic urticaria is designated as 
chronic autoimmune urticaria [12]. The remainder of the patients with chronic urticaria is 
classified under the name of chronic idiopathic urticaria. In this form of urticaria, the mecha-
nism for stimulation of mast cells is unknown [5].

Pathophysiological mechanisms leading to formation of urticaria and angioedema can be 
immune-mediated, complement-mediated, non-immune–mediated and autoimmune-medi-
ated [13]. As in most cases of acute urticaria, immune-mediated urticaria is an IgE-mediated 
hypersensitivity reaction. This allergic reaction is commonly triggered in response to drugs, 
foods and insect bites [7, 13]. Complement activation leading to release of C3a, C4a and C5a 
can stimulate mast cells. Non-immune–mediated urticaria involves direct activation of mast 
cells by non-IgE mechanisms examples of which are physical stimuli, radiocontrast dyes, 
drugs, such as opiates and vancomycin. Autoimmune urticaria involves autoantibodies 
causing mast cell degranulation [12, 13]. As noted all mechanisms lead to activation of mast 
cells causing liberation of histamine, leukotriene C4 and prostaglandin D2. These vasoac-
tive mediators cause vasodilatation and extravasation of plasma from postcapillary venules. 
In 4–5 hours, an inflammatory cytokine response including tumor necrosis factor, interleukin 
4 and interleukin 5 recruits a perivascular inflammatory infiltrate. The result is the formation 
a pruritic urticarial plaque or angioedema [7].

5. Clinical features

Urticarial wheals consist of circumscribed erythematous plaques of various sizes with central 
swelling, with or without a surrounding flare (Figure 1). There is accompanying intense pru-
ritus or occasional burning sensations. Lesions typically have round to oval shape but occa-
sionally irregular, serpiginous or gyrate configurations may occur. Wheals are blanchable by 
diascopy. Individual lesions usually disappear within 1–24 hours without scarring but some 
lesions may take up to 48 hours to resolve [14–16]. Patients often report a poorly localized 
pruritus starting before the appearance of wheals [7]. Pruritus may impair sleep, private life 
and work leading to a diminished quality of life [4].

Angioedema is a descriptive term for abrupt onset of swellings of the deep dermis and sub-
cutaneous tissue. In contrast to edema, angioedema is asymmetrical and can occur on non-
dependent sites. Most common sites of involvement are the lips (Figure 2), tongue, eyelids 
and genitalia although any part of the body can be involved. Due to the tissue distention, 
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the lesions are usually painful rather than pruritic. Swellings of angioedema can be pink or 
skin-colored [9, 17, 18]. Involvement of the mucous membranes is a common feature. Stridor, 
abdominal pain, rarely intestinal obstruction may result from edema of respiratory or gastro-
intestinal tract. Lesions may take up to 72 hours to resolve [9, 18].

6. Prognosis

Cases of acute urticaria have a benign course with most patients being managed with conven-
tional treatments [8].

Figure 1. Typical urticarial plaques are observed on the leg of the patient.

Figure 2. Angioedema involving the lips.
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Studies concerning duration of chronic spontaneous urticaria have yielded varying results. 
However, it is clear that many patients are affected for more than one year and an important 
proportion of patients have a long-term course of the disease exceeding 5 years [3].

In chronic spontaneous urticaria, there are four factors that potentially predict long disease 
duration, namely disease severity, presence of angioedema, autoreactivity and combination 
with physical urticaria. Patients with moderate to severe disease tend to have a more per-
sistent disease as compared to patients with mild disease. Presence of angioedema with or 
without wheals in patients with chronic spontaneous urticaria predicts a longer course [3]. 
Autoreactivity, which is defined by a positive autologous serum skin test, reflects the finding 
of autoantibodies against IgE receptor or IgE. These patients have more severe disease with 
a longer duration and require higher doses of antihistamines to control disease activity than 
patients with negative autologous serum skin test [19]. Patients suffering from both chronic 
spontaneous urticaria and physical urticaria are likely to have longer disease duration in com-
parison with patients with chronic spontaneous urticaria alone [3].

7. Associated diseases

An increased prevalence of concomitant allergic diseases including rhinitis, asthma and 
atopic dermatitis is observed in cases of acute urticaria [8].

Chronic autoimmune urticaria is associated with antithyroid antibodies namely anti-micro-
somal and anti-thyroglobulin antibodies, observed in 27% of cases [12]. In patients with 
chronic urticaria, other autoimmune conditions such as vitiligo, type I diabetes mellitus, 
systemic lupus erythematosus and rheumatoid arthritis are more prevalent than in general 
population [5, 16].

Patients with chronic spontaneous urticaria often have concomitant physical urticaria that 
present with wheals lasting 2 hours or less [6].

Role of Helicobacter pylori infection in etiology of chronic autoimmune urticaria is still con-
troversial [5]. However, it has been shown that H. pylori infection may contribute to the exac-
erbation of urticaria and that 2 weeks long triple therapy for eradication of the bacteria led 
to improvement of symptoms. As most patients infected with H. pylori are asymptomatic, 
screening of chronic urticaria patients for the presence of H. pylori infection by a non-invasive 
test, such as urea breath test or fecal antigen test is recommended [20].

8. Diagnosis

A through history is the most important tool in the diagnosis of urticaria. Duration, timing 
and localization of lesions, history of a recent viral infection, recent insect bite, medica-
tions, suspected foods, associated systemic symptoms, such as fever and arthralgia, and 
response to previous treatments should be questioned [5, 13]. In majority of cases of acute 
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urticaria, history taking and physical examination is sufficient for the diagnosis. Further 
investigations are generally not required in patients with acute urticaria except those with 
a clinical history or physical examination suggesting an underlying cause, such as upper 
respiratory tract infection, food- or drug-induced urticaria [8]. Skin prick tests and serum-
specific IgE tests can be used to confirm allergic reaction to foods, latex and certain anti-
biotics [5].

In chronic urticaria, complete blood count, liver enzymes, urinalysis and thyroid function 
tests can be checked; however, these laboratory tests are of minor significance, if there is not a 
suspected underlying etiology for persistent urticarial lesions [13, 21].

Skin testing to aeroallergens can be of value only if the patient has concomitant allergic rhini-
tis and/or asthma. If the patient reports a specific food to be strongly related with the attacks, 
a serologic test to the specific food can be performed. Serologic testing would be more reliable 
than skin testing as an interpretation of wheal and flare response would be misleading in 
patients under recurrent bouts of urticaria [16].

Autologous serum skin test is a practical clinical test to detect circulating functional autoan-
tibodies in patients with chronic urticaria. The test is performed by intradermal injection of 
patient’s own serum obtained while the patient is symptomatic and injection of 0.9% saline on 
volar aspect of the forearm. It is of importance to stop antihistamines 2 days before applica-
tion. A positive autologous serum skin test is defined as a red serum-induced wheal having a 
diameter greater than 1.5 mm than the saline-induced wheal at 30 min. The test is performed 
when an immunomodulatory treatment is planned for patients with severe chronic urticaria. 
However, this is a controversial issue as the presence or absence of autoantibodies does not 
predict efficacy to most therapies [5, 16]. Basophil histamine release assays, western blot anal-
ysis or ELISA are also used to detect autoantibodies. However, these tests are sophisticated 
tests not readily available to most clinicians [22].

Urticaria activity score (UAS) is commonly used to assess disease activity and treatment 
response in patients with chronic urticaria. UAS is calculated based on the daily number 
of wheals (1–3 points) and the intensity of pruritus (0–3 points) and ranges from 0 to 6 [23]. 
UAS7 is calculated by summing UAS recorded by the patient on 7 consecutive days. A UAS7 
score of less than 7 indicates control of disease, whereas a score exceeding 28 indicates poorly 
controlled symptoms [24].

9. Histopathology

Skin biopsies of acute lesions demonstrate a minimal inflammatory infiltrate along with dila-
tation of small vessels, flattened rete pegs and swollen collagen fibers. Histology of chronic 
urticaria lesions reveals a perivascular cuffing by predominantly T lymphocytes and also 
monocytes, neutrophils, eosinophils and basophils [25].

Observation of fragmentation of neutrophils, red cell extravasation and swelling of endothe-
lial cells in persistent lesions points to the diagnosis of leukocytoclastic vasculitis [13].
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10. Differential diagnosis

Urticarial rash may be seen in the course of many diseases (Table 1). Urticaria and angioedema 
can be manifestations of underlying systemic diseases, such as collagenopathies, endocrinopa-
thies, tumors and hemolytic diseases [1].

Urticarial vasculitis is a rare condition mainly affecting adult females in 4th decade of life. 
It may manifest with urticarial plaques, which generally persist for 48–72 hours. Pain and 
tenderness is a common complaint. The wheals may resolve leaving residual purpuric or 
hyperpigmented discoloration of the skin. Underlying pathogenesis is a type III hypersensi-
tivity reaction mediated by immune complexes. It is mostly idiopathic, however cases associ-
ated with connective tissue diseases (systemic lupus erythematosus), infections (hepatitis B 
and hepatitis C), medications (diltiazem, fluoxetine, potassium iodide, etc.) and malignancies 
have been reported. In histopathology, leukocytoclastic vasculitis is seen with signs of vessel 
damage, such as leukocytoclasis and fibrinoid deposits around venules. In contrast to urti-
caria, immunofluorescence of the skin shows deposits of immunoglobulins and complement 
[26, 27].

Systemic mastocytosis is a rare disorder in which atypical mast cells proliferate in the liver, 
spleen, lymph nodes, bone marrow and other organs. Involvement of the skin manifests as 
wheals and itching [5].

Urticarial lesions that persist beyond 24 hours should warrant alternative diagnosis, such 
as erythema multiforme minor, morbilliform drug eruption, dermatitis herpetiformis and 
bullous pemphigoid [9]. Erythema multiforme minor is an acute condition that differs from 
urticaria with its persistent targetoid lesions, and is typically less pruritic than urticaria [13].

Urticarial rash in a young child accompanied by fever, edema of hands and feet and arthral-
gias should prompt a diagnosis of serum sickness-like reaction. In this condition, urticarial 
plaques usually have an associated ecchymotic pattern. Serum sickness-like reaction is a 
hypersensitivity reaction that is often due to medications or infections. It develops 1–3 weeks 

Urticarial vasculitis

Systemic mastocytosis

Erythema multiforme minor

Morbilliform drug eruption

Dermatitis herpetiformis

Bullous pemphigoid

Serum sickness-like reaction

Urticaria multiforme

Cryopyrin-associated periodic syndromes

Table 1. Differential diagnosis of urticaria.
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after the initial antigen exposure and has a self-limited course. Urticaria multiforme is also a 
hypersensitivity reaction marked with annular urticarial plaques and bruise-like areas simi-
lar to that seen in serum sickness-like reaction. The triggering factor is often a viral infection; 
urticarial lesions are preceded by 1–3 days of fever [28].

Cryopyrin-associated periodic syndromes are autoinflammatory diseases including familial 
cold autoinflammatory syndrome, Muckle-Wells syndrome and the neonatal onset multisys-
tem inflammatory disease. They present often early in infancy with a variable severity of 
clinical manifestations. Main symptoms are fever, arthralgias and skin involvement with urti-
caria-like nonpruritic lesions. Histopathologically, the perivascular infiltration is composed of 
polymorphonuclear cells in contrast with classical urticaria [29].

11. Management

Management of acute urticaria should initially focus on avoidance of any triggering fac-
tors, such as foods, drugs, insect venoms and latex. First-line treatment agents are antihis-
tamines, corticosteroids and immunomodulatory agents are reserved for patients resistant 
to antihistamines [5].

11.1. Antihistamines

For the first-line management of acute or chronic urticaria, second-generation H1 antihis-
tamines are used. Fexofenadine, desloratadine, loratadine, cetirizine and levocetirizine are 
the most commonly prescribed agents [5, 10]. Symptomatic relief with suppression of the 
pruritus and reduction of the number and size of wheals is the main goal of treatment. 
Loratadine and cetirizine can be used starting from 6 months of age and are also safe 
during pregnancy [9, 10]. Efficacy of antihistamines is often patient specific and none are 
consistently superior [16].

Antihistamines target H1 receptors located on endothelial cells and sensory nerves. First-
generation antihistamines (hydroxyzine, diphenhydramine and chlorpheniramine) can pen-
etrate central nervous system and thus have sedating effects lasting longer than 12 hours. 
However relief of pruritus is much short-lived and lasts only up to 6 hours. Older first-gen-
eration antihistamines are not recommended for the management of chronic urticaria in the 
European Guidelines because they place patients at risk for serious side-effects and drug inter-
actions. In contrast to first-generation antihistamines, the second-generation antihistamines 
are devoid of sedating and anticholinergic effects [30]. Similar to first-generation H1 antihis-
tamines, the use of H2 receptor blockers (cimetidine and ranitidine) are not recommended in 
European Guidelines.

Updosing of antihistamines is safe in therapy resistant patients. Fourfold higher doses of licensed 
doses of antihistamines should be used before considering other treatments [30]. However, 
according to US guidelines treatment by updosing second-generation H1 antihistamines can 
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according to US guidelines treatment by updosing second-generation H1 antihistamines can 
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substituted with an add-on treatment with other second-generation H1 antihistamines, H2 
antagonists, leukotriene receptor antagonists or first-generation H1 antihistamines as alternative 
second step treatment options [31].

11.2. Corticosteroids

Corticosteroids can be used in the management of antihistamine-resistant cases of acute urti-
caria and exacerbations of chronic spontaneous urticaria. Long-term therapy with cortico-
steroids is strictly dismissed because of the risk of side effects and development of tolerance. 
Oral corticosteroids such as 7 days of prednisone up to 40 mg/day are often used to alleviate 
symptoms unresponsive to antihistamines in chronic urticaria [5]. Likewise, addition of a 
brief course of prednisone to antihistamines in acute urticaria significantly improves symp-
tom control [32].

11.3. Leukotriene receptor antagonists

Leukotriene receptor antagonists, such as montelukast and zafirlukast, may have a role in the 
management of chronic urticaria. According to European Guidelines, leukotriene receptor 
antagonists may be considered in patients who do not respond to updosing of H1 antihista-
mines, although evidence is low as compared to cyclosporine or omalizumab [30, 33].

11.4. Immunosuppressives

Cyclosporine has been shown to be effective in the treatment of recalcitrant cases of chronic 
spontaneous urticaria in combination with second-generation antihistamines especially cetiri-
zine. Its mechanism of action depends on the inhibition of anti-IgE–induced histamine release 
from basophils and skin mast cells. Cyclosporine at 3–5 mg/kg/day is administered with mon-
itorization of diastolic blood pressure and levels of serum creatinine, serum potassium, serum 
bilirubin and liver enzymes at each visit [34, 35]. Common adverse effects of cyclosporine 
therapy include hypertension, fatigue, gastrointestinal problems and headache [33].

Immunosuppressive therapy with mycophenolate, tacrolimus and methotrexate can also be 
considered in recalcitrant cases [31].

11.5. Omalizumab

Omalizumab is a recombinant humanized monoclonal anti-immunoglobulin E antibody 
that prevents binding of IgE to the high-affinity IgE receptor and thus prevents urticaria and 
angioedema. This new biologic treatment, applied by monthly subcutaneous injections in a 
standardized protocol, provides a rapid and effective control of treatment-refractory urticaria 
patients. Omalizumab is generally well-tolerated and safe. Major risks of omalizumab treat-
ment include anaphylaxis, increased risk of cardiac and neurovascular events, and a contro-
versial increased risk of lymphoma [16, 36, 37].
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11.6. Phototherapy

Efficacy of phototherapy, both narrowband UVB and PUVA, has been shown in several stud-
ies. Phototherapy is not recommended in urticaria guidelines; still it appears to be a safe and 
effective therapeutic modality for patients with refractory chronic urticaria [38–40].

12. Angioedema without wheals

As described previously in this chapter, angioedema is defined as swellings of the deep 
dermis and subcutaneous tissue. Clinically, there is non-pitting asymmetrically distributed 
edema usually involving the face. Angioedema typically resolves spontaneously in less than 
72 hours [41].

Clinically a variety of conditions may cause swellings that resemble angioedema. Acute con-
tact dermatitis develops after exposure to a foreign substance. When acute contact dermatitis 
involves the face, it is frequently misdiagnosed as angioedema. Abrupt onset of angioedema 
associated with diffuse maculopapular rash, fever, eosinophilia and lymphadenopathy is seen 
in drug rash with eosinophilia and systemic symptoms (DRESS) Syndrome. Periorbital edema 
of dermatomyositis may mimic angioedema [41]. Other diseases to consider in differential 
diagnosis of angioedema are superior vena cava syndrome, myxedema of hypothyroidism, 
photodermatitis, Crohn’s disease of the mouth and lips, facial cellulitis and Melkersson-
Rosenthal syndrome [18, 41].

Angioedema without wheals can be classified as hereditary angioedema, acquired angio-
edema, drug-induced angioedema and idiopathic angioedema [42].

12.1. Hereditary angioedema

12.1.1. Epidemiology

Hereditary angioedema is rare genetic disease with a prevalence of about 1:10,000–
1:50,000. The inheritance is autosomal dominant. In 20% of cases, a positive family his-
tory of the disease cannot be obtained because these cases occur due to spontaneous 
mutations [42].

12.1.2. Etiology and pathogenesis

Two types of the disease have been defined, both concerning the inhibitor of the first compo-
nent of human complement (C1). Type I accounts for 80–85% of cases and is characterized by 
low C1 inhibitor levels and function. Type II comprises the remaining 15–20% of cases and it 
is associated with normal levels of poorly functioning C1 inhibitor. Both types of hereditary 
angioedema result in low levels of C4; during acute attacks C2 levels may also decrease [42].
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The recently described hereditary angioedema type III is not associated with C1 inhibitor 
deficiency or dysfunction. The etiology of this very rare type of hereditary angioedema is not 
fully understood. It mostly affects women. Estrogens and mutations in factor XII are thought 
be involved in pathogenesis [43, 44].

C1 inhibitor is the major regulator of complement and contact system activation. With the 
decreased activity of C1 inhibitor, unopposed activation of contact system leads to generation 
of bradykinin. Bradykinin induces relaxation in vascular smooth muscle and increases vascu-
lar permeability causing angioedema [42, 44].

Trauma, stress, infection, menstruation, oral contraceptives, hormonal replacement therapy 
and angiotensin-converting enzyme (ACE) inhibitors can trigger the attacks. However an 
underlying trigger cannot be found in most of the cases [42, 44].

12.1.3. Clinical features

Clinically angioedema mostly involves the face, tongue and lips, abdomen, larynx, 
extremities and genitalia [42]. Any part of the body can be affected including chest, joints, 
muscles, etc. Abdominal colicky pain, nausea and vomiting are manifestations of gastroin-
testinal involvement. Edema of the upper airway tract can be life threatening [42, 43]. The 
onset of disease is usually in childhood mostly between 8 and 12 years. Episodic swellings 
last 1–5 days before subsiding. A serpiginous rash called erythema marginatum, fatigue 
and muscle aches are prodromal symptoms reported by 50% of patients with hereditary 
 angioedema [44].

12.1.4. Prophylaxis and treatment

Management of hereditary angioedema can be classified under three different categories, which 
are treatment of the attacks, short-term or procedural prophylaxis and long-term prophylaxis [43].

Management of acute attacks can be accomplished by replacement of C1 inhibitor or alter-
natively by using icatibant or ecallantide. Plasma-derived or recombinant C1 inhibitors are 
available for intravenous replacement of C1 inhibitor. Icatibant is bradykinin B2 receptor 
antagonist. Human C1 inhibitors and icatibant are approved for self-administration. These 
agents are most effective when given as early as possible during the attacks. Ecallantide works 
by reversible inhibition of kallikrein and is approved by FDA for use in patients older than 12 
years of age. Application by a healthcare professional is imperative because of a high risk of 
developing anaphylactic reaction [43].

As noted above trauma is among the well-known triggers of an angioedema attack. Thus a 
short-term prophylaxis is indicated before interventions in the upper aerodigestive tract, such 
as intubation, bronchoscopy or esophagogastroduodenoscopy. For this purpose C1 inhibi-
tors are the first-choice agents. Androgens, which have been the mainstay of management 
of patients with hereditary angioedema in the past, are no longer considered as first-line 
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options because of associated side effects and are only used when C1 inhibitor therapy is not 
available. Weight gain, hepatotoxicity, virilism and hypertension are among the various side 
effects of androgen therapy [43, 44].

Long-term prophylaxis can be initiated if treatment of acute attacks does not result in adequate 
symptom control. C1 inhibitor concentrates are recommended as first-line agents. Androgens 
and tranexamic acid are less favored because of high risk of adverse effects and low treatment 
efficacy, respectively [43].

12.2. Acquired angioedema

12.2.1. Etiology and pathogenesis

Acquired angioedema is an autoimmune disease characterized by autoantibodies against C1 
inhibitor [44]. A lymphoproliferative disorder such as non-Hodgin lymphoma or monoclonal 
gammopathy or an autoimmune disease is found in many of the cases. These associations 
suggest that pathological B cell clones may be responsible for acquired angioedema [45].

Acquired angioedema is divided into two types. Type I acquired angioedema is due to mas-
sive consumption of C1 inhibitor, presumably by tumor-related immune complexes. Type II 
acquired angioedema occurs due to the production of anti-C1 inhibitor autoantibodies [25].

12.2.2. Clinical features

Clinical features of acquired angioedema are similar to those seen in hereditary angioedema. 
Abdominal involvement is less frequent [44]. Absence of family history and late onset of 
symptoms at 4th decade are distinguishing features [42]. Laboratory evaluation of patients 
with acquired angioedema reveals low C4 levels and decreased C1 inhibitor activity similar 
to hereditary angioedema; but also decreased levels of C1q [44].

12.2.3. Treatment

Treatment of acquired angioedema mostly depends on treatment of the underlying disease 
[42]. Although response rates are low, treatments used for hereditary angioedema are fre-
quently applied. Acute attacks can be managed by administration of C1 inhibitor concentrate 
or alternatively by using icatibant or ecallantide. High-dose corticosteroid therapy is used in 
order to reduce production of autoantibodies but it is frequently ineffective and has many 
adverse effects. Rituximab has also been shown to be effective in decreasing autoantibody 
production against C1 inhibitor. Although several reports of patients successfully treated 
with rituximab exist, the responses can be inconsistent [44, 46].

12.3. Drug-induced angioedema

Drug-induced angioedema is most typically associated with the use of angiotensin-convert-
ing enzyme (ACE) inhibitors. Angiotensin receptor blockers, nonsteroidal anti-inflammatory 
drugs, fibrinolytics and oral contraceptives can also induce isolated angioedema [18].
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Angioedema due to angiotensin-converting enzyme inhibitors occurs in 0.1–6% of patients 
under treatment with ACE inhibitors. It tends to develop more commonly in women, smokers 
and in patients of African American descent [47]. ACE inhibitor angioedema mostly develops 
at the first month of treatment but may also occur years after starting the medication [42].

As the underlying mechanism involves elevated levels of bradykinin, antihistamines and 
corticosteroids are not helpful in the management of drug-induced angioedema. Although 
not FDA-approved for this indication, bradykinin receptor antagonist icatibant and kallikrein 
inhibitors are effective treatment agents [42, 48].

12.4. Idiopathic angioedema

The term idiopathic angioedema is used when there is no identifiable cause for the recurrent 
angioedema attacks without wheals. Idiopathic angioedema is a diagnosis of exclusion. C1 
inhibitor deficiency, factor XII mutation, treatment with ACE inhibitors must be ruled out 
[49]. The condition is mostly well-controlled with prophylactic antihistamines [5].
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Abstract

Urticaria is a common mast cell‐driven disease which is characterized by red, itchy swell‐
ings. Urticaria, that persists more than 6 weeks in a repetitive manner (each lesion disap‐
pearing in <24 h), is called chronic urticaria. Chronic urticaria can be either spontaneous 
without the need of a trigger, or inducible in which with a known trigger the lesions can 
be provoked. Chronic inducible urticarias include the physical urticarias and some other 
forms such as cholinergic urticaria.

Keywords: urticaria, chronic urticaria, inducible urticaria, cholinergic urticaria, contact 
urticaria

1. Introduction

Urticaria, also known as hives, is a common, mast cell‐driven, itchy condition which is char‐
acterized by red/pink, swollen whealing of the skin [1]. The lesions can vary from a few mil‐
limeters to tens of centimeters. Chronic urticaria is defined when the transient lesions that 
disappear in <24 h and last more than 6 weeks in repetitive manner [2]. Most of the chronic 
urticaria cases are idiopathic [3]. Chronic spontaneous urticaria is the spontaneous appear‐
ance of wheals, angioedema or both due to known or unknown causes for a period longer 
than 6 weeks. In case of a known trigger that causes whealing, angioedema or both at every 
exposure, chronic inducible urticaria term is used. Chronic inducible urticarias consist of 
physical urticarias (PUs) and cholinergic urticaria (CU) [1, 3, 4]. Figure 1 demonstrates the 
classification of urticaria according to EAACI/GA2LEN/WAO 2013 guideline.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Physical urticaria (PU) is a subgroup of acquired, chronic inducible urticaria which is associ‐
ated with a known physical trigger [5]. In PU, the symptoms are induced by exogenous physi‐
cal triggers such as friction, pressure, vibration, cold, heat or solar radiation. All the PUs may 
manifest with both wheals and angioedema at the sites of the triggers with the exceptions 
that urticaria factitia (symptomatic dermographism) presents with wheals only and pressure 
urticaria presents with angioedema only [6, 7]. Table 1 summarizes the types and subtypes of 
chronic inducible urticaria and the triggering agents.

Cholinergic urticaria is another subtype of inducible urticaria. Because of the fact that the 
symptoms are not triggered by exogenous physical exposure, cholinergic urticaria is not con‐
sidered as PU. Rather, it is induced by an increase in the body core temperature [8].

Almost 0.5% of the population suffers from chronic inducible urticaria that makes nearly 
15–25% of all chronic urticarias [7]. All forms of urticaria do not only cause impaired quality of 

Type Subtypes Trigger

Physical urticarias Cold urticaria Cold contact (air, water and solid)

Delayed pressure urticaria Vertical pressure

Heat urticaria Hot contact (air, water and solid)

Solar urticaria UV or visible light

Symptomatic dermographism Mechanical stroking

Vibratory urticaria Vibration

Other inducible urticarias Aquagenic urticaria Water at any temperature

Contact urticaria (Non)immunological contactant

Cholinergic urticaria Increment of body temperature

Exercise‐induced anaphylaxis Physical exercise

Table 1. Classification of chronic inducible urticaria.

Figure 1. Classification of urticaria, according to EAACI/GA2LEN/WAO 2013 guideline.
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life but also affect performance at social life, school and work [9]. PU is classified  depending on 
the type of the physical trigger. They are diagnosed by using different provocation tests induc‐
ing wheals and sometimes angioedema [3]. It is important to make provocation tests after tak‐
ing the patient’s history in order to get a proper diagnosis. One must be very careful during the 
provocation tests as systemic symptoms including shock can develop along the course [10]. In 
chronic inducible urticaria, the threshold of the causative trigger must be established to assess 
the severity of the condition. These threshold levels also allow us to evaluate the activity of the 
diseases and the response to the therapy [11]. PU generally accompanies other forms of chronic 
urticaria such as spontaneous urticaria and/or other inducible urticaria types. Therefore, every 
patient with one of the PUs must be tested with all physical triggers that seem to be relevant 
from the medical history [12]. The result of the provocation test changes according to the medi‐
cal status of the patient. That’s why the test should be done prior to the treatment if possible. 
Testing should be performed on skin areas which have not been complicated with wheals 
recently. Because affected skin areas exhibit a refractory period after urticarial reactions. In 
case of a negative result despite a strong suspicion, the testing can be repeated several times. In 
cholinergic urticaria, the patient must be asymptomatic for 48 h before testing [6].

2. Cholinergic urticaria (CU)

Cholinergic urticaria, simply, is a type of chronic urticaria which is triggered by elevated 
body temperature. Physical exercise, strong emotions, hot or spicy food and hot showers 
seem to be the most common causes [13]. CU accounts for 5% of all chronic urticaria cases [7]. 
Generalized flushing, itching and wheals surrounded by macular erythema make the clini‐
cal picture in CU. The lesions spread from the trunk and neck to the extremities. Some of the 
CU cases are complicated with systemic symptoms such as hypotension, angioedema and 
bronchospasm [14]. CU due to exercise starts 5–10 min after the beginning of the exercise and 
maximizes after 12–25 min [15].

The pathophysiology in CU is thought to be related to the elevation of histamine in the serum. 
Adachi et al. proposed that CU occurs after a type 1 allergic reaction to the patient’s own 
sweat. They reported that the patients underwent autologous sweat testing and demonstrated 
an immediate skin reaction [8].

In case of a suspicion, confirmatory testing should be conducted. Appearance of whealing 
after the intradermal injection of 0.01 mg methacholine in 0.1 ml saline is diagnostic. Assuming 
that only one‐third of the patients demonstrate positive testing CU cannot be ruled out with a 
negative provocation test [9]. Specific provocative challenges such as exercise, hot showers or 
spicy food trials can also be tried. The best way to provoke is to increase the individual’s body 
temperature by submerging the patient in a hot water bath at 40°C. Developing of general‐
ized hives confirms the diagnosis [6]. Unfortunately, this testing can have interference with 
aquagenic urticaria (AU) or heat urticaria.

Best treatment of CU is the avoidance of the offending stimulus in cases where possible. First‐
line medical therapy is the oral antihistamines. Hydroxyzine is believed to be more effec‐
tive than the others [16]. Oral anticholinergics have been tried with failure mostly. Use of 
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pre‐ exercise propranolol 80 mg daily has been found effective in controlling the symptoms 
of CU [17]. These data have not been supported by further studies because of the fact that 
beta‐blockers, themselves, cause allergic reactions.

The prognosis of CU is mostly pleasing. About 70% of the patients heal within 10 years of 
the diagnosis. Sibbald et al. estimated the duration of CU to be 3–16 years with an average of 
7.5 years [2].

Cholinergic urticaria must be distinguished from exercise‐induced anaphylaxis (EIA). The 
main symptoms of EIA include laryngospasm, bronchospasm, vascular collapse, fatique, 
vocal changes, gastrointestinal upset, flushing and hives [18]. In contrast to CU, the urticarial 
plaques are larger, up to 10–15 mm. All types of exercise including walking can be the trigger. 
In EIA, although the anaphylaxis symptoms are at the forefront, only a few cases of death 
have been reported [19].

EIA is treated like any other forms of anaphylaxis. Epinephrine is the life‐saving treatment. 
Diphenhydramine 25–50 mg is helpful. Systemic steroids are used to prevent delayed bipha‐
sic reactions [20]. Any individual with the diagnosis of EIA should carry an epinephrine auto‐
injector [21]. Cetirizine and montelukast combination also has been reported to be useful in 
preventing symptoms of EIA [22].

CU can be differentiated from EIA with the size of the whealings. Also, in CU, the hives are in 
the front, whereas the edema and the anaphylaxis are in the front in case of EIA. In addition, 
passive warming test in a bath and methacholine injection tests are positive in CU [23].

3. Aquagenic urticaria (AU)

Aquagenic urticaria (AU) is a rare form PU which is characterized by wheals following cuta‐
neous exposure to water, including tears and sweat. Mostly, 1–3 mm follicular wheals and 
1–3 cm erythematous flares surrounding them are present. The lesions develop 20–30 min 
after exposure to water. Lesions usually resolve in 30–60 min after the cessation of contact 
to water [4]. Most of the patients are peri‐pubertal females. Trunk and proximal arms are 
the most commonly affected sites, sparing palms and soles [5]. Wheezing and dyspnea can 
accompany the lesions. When there is such a systemic symptom, large lesions rather than 
1–3 mm punctate lesions are present [24].

Most of the AU cases are sporadic. However, there are some reports of familial cases. No spe‐
cific gene locus has been identified so far [5]. There are few cases showing the association of 
AU and HIV infection and papillary thyroid gland carcinoma [25, 26].

The pathogenesis of AU is not clear yet. In 1981, Tkach hypothesized that sudden changes in 
osmotic pressure around hair follicles, leading to passive diffusion of water caused whealing 
[27]. A recent proposal involves existence of water‐soluble antigens in the epidermis which 
later migrate to dermis and cause histamine release [10]. The lack of a proper etiologic mecha‐
nism makes AU difficult to treat.
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Water challenge test is necessary for the proper diagnosis. For this, water at room temperature 
is applied to a cloth, and this cloth is applied to patient’s skin for 20 min. In case of an urticar‐
ial lesion, the provocation test is considered as positive. Water should be at room temperature. 
Because, if the temperature is higher or lower, the test could give arise to other forms of PU 
(cold or heat urticaria) [28]. Bayle et al. reported a case with AU, dermatographism and cho‐
linergic urticaria at the same time [29]. It is possible to induce AU, heat urticaria, cold urticaria 
and cholinergic urticaria with applying water at different temperatures [30]. So, one should be 
very careful to differentiate among these conditions.

Management of AU is difficult. Avoidance is almost impossible. The first‐line therapy is H1 
antihistamines [11]. Long acting newer antihistamines with fewer side effects are usually pre‐
ferred. H2 receptors are thought to be not operating in the pathogenesis of PU. Yet there is a 
case report that claims that H2 antihistamines reduce wheal response [31].

Topical barrier therapies show promising results in AU. They are also safer. Application of 
oil‐in‐water emulsions before bathing can reduce wheals. Such physical barriers must be used 
in the pediatric patients before everything else to prevent the potential side effects of the anti‐
histamines [29].

Phototherapy, both PUVA and narrow‐band UVB, has been reported to be effective in AU 
treatment. Possible action of mechanism is the reduction of mast cell activity and thickening 
of the skin, mostly epidermis, leading to decreased water penetration [32].

Stanozolol which is used in the treatment of hereditary angioedema was shown to be effective 
in one male patient at a dose of 10 mg daily [25].

4. Contact urticaria

Contact urticaria is the transient whealing and flare of the skin after contact with certain 
agents. The lesions appear within 60 min of contact and mostly resolve in 2–24 h [33]. Contact 
urticaria can be both immunological (IgE mediated) or non‐immunological. Mostly, non‐
immunological mechanisms are seen. It can be provoked in all persons without the need of 
prior sensitization [34].

The lesions in contact urticaria appear as a result of the release of vasoactive amines such as 
histamine, leukotrienes, substance P and prostaglandins, independent from immunological 
processes. The lesions are localized to the contact area causing no systemic symptoms. The 
causative contact agents can be insects, metals, alcohol, balsam of Peru, sodium benzoate, 
sorbic acid, fruits, vegetables, jellyfish, sea anemones and corals [33–35].

Contact urticaria is rarely due to immunological causes, that is, allergic. In this case, it is caused 
by antigen‐antibody type 1 IgE‐mediated hypersensitivity reaction. The contact antigen pen‐
etrates the skin and binds with specific IgE antibodies on dermal mast cells. Histamine and 
some other mediators such as kinin and prostaglandins are released. As a result, erythema 
and hives are observed [35]. Sometimes systemic symptoms (rhinitis, conjunctivitis and 
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asthma) can accompany the cutaneous manifestations [36]. The triggering agent in contact 
urticaria can be rubber latex, antibiotics (cephalosporins and streptomycin), foods (potato, 
fish and apple), cosmetics (hair bleaching products and paraphenylenediamine) and chemi‐
cals (isocyanates, chlorhexidine and aluminum) [35].

The mainstay of the therapy is mainly avoidance in contact urticaria [7]. Barrier creams are 
being used recently with good results [37]. H1 antihistamines make the first line therapy. 
In case of failure, dose increment, leukotriene antagonists, cyclosporine, omalizumab can be 
used with variable success rates [34, 35, 37].

5. Conclusion

As a result, we should keep in mind that chronic urticaria is hard to manage. The treatment 
should be individualized most of the time because of the fact that one patient can respond 
well to a specific treatment but another patient cannot. Another fact, to remember, is to dif‐
ferentiate cholinergic urticaria from exercise‐induced anaphylaxis. Because they are similar 
entities, but they have different therapy options and courses.
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Abstract

Physical urticaria (PU) is a subgroup of acquired, chronic inducible urticaria which is 
associated with a known physical trigger. In PU, the symptoms are induced by exog‐
enous physical triggers, such as friction, pressure, vibration, cold, heat, or solar radiation. 
All the PUs may manifest with both wheals and angioedema at the sites of the triggers 
with the exceptions that urticaria factitia (UF) (symptomatic dermatographism) presents 
with wheals only and pressure urticaria presents with angioedema only. More than one 
form of physically induced urticarias can be present in one patient.

Keywords: physical urticaria, dermatographism, cold urticaria, heat urticaria, solar 
urticaria

1. Introduction: physical urticarias

Physically induced urticarias are symptomatic dermatographism, cold contact urticaria, heat 
contact urticaria, solar urticaria, delayed pressure urticaria, and vibratory urticaria. More 
than one of these can be present in a single patient making it difficult to manage. A known 
and repeatable physical trigger is the causative agent in these entities.

2. Urticaria factitia (dermatographism)

Urticaria factitia (UF) is also known as dermographic urticaria and symptomatic dermatog‐
raphism. UF is the most common type of physical urticaria (PU) [1]. It must be differenti‐
ated from simple dermatographism in which whealing without itching is seen after moderate 
stroking of the skin [2]. White dermatographism which is seen in atopic patients is not related 
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to UF [3]. UF is commonly seen in young adults and the mean duration of the disease was 
reported 3–9 years in different studies. The etiology of UF is still unknown [4]. Infections 
(hepatitis, upper respiratory tract infections), medications (progesterone, statins), and diabe‐
tes mellitus have been accused, but still, there is less evidence [5]. The pathogenic mechanism 
is believed to be the release of histamine following a mechano‐immunological trigger [6].

In UF, itchy, white/pink/red wheals are observed after friction, scratching, rubbing, or tight 
clothing. Wheals appear in a few minutes following the trigger and may last a few hours. 
UF should come to mind in such cases, and the diagnosis should be made after positive skin 
provocation test [7].

The provocation in UF can be done by scratching or rubbing the skin with a blunt object (e.g., 
closed ballpoint pen tip or wooden tongue depressor). The flexor aspect of the forearm is the 
most suitable site for the provocation. Five to ten minutes of waiting time is mostly enough 
to conclude [8]. Recent guidelines suggest threshold testing with more advanced devices 
called the dermographometer. With this device, predefined and reproducible pressures can 
be applied to the testing area. The minimal force which is necessary to induce whealing can 
be determined with dermographometer and the disease activity in time (i.e., the patient’s 
response to therapy) can be easily monitored. A positive response is noted when the patient 
shows a wheal response and complain pruritus [9].

Treatment of UF is mostly symptomatic. Avoidance is the best strategy. It is possible to prevent 
or minimize whealing by some precautions. Decreasing mechanical irritation in daily life is 
the essential of the therapy [10]. For symptomatic cases, new generation, nonsedating antihis‐
tamines are suggested as first‐line treatment. In case of failure, the dose can be increased to 
fourfold. Type of the antihistamine can be changed, leukotriene antagonists and/or H2 anti‐
histamines can be added [11]. Next two drugs in the treatment course are cyclosporine A and 
omalizumab [10, 12].

3. Delayed pressure urticaria (DPU)

Delayed pressure urticaria (DPU) manifests with pink/red whealing or angioedema of the 
skin at sites of sustained pressure, such as tight clothing, walking, or sitting down. It is called 
delayed because hours (6–8 h) are necessary for it to manifest [9, 13]. The patients suffer from 
severe pain and burning sensation in contrast to other PUs. Fatigue and arthralgia can accom‐
pany. The quality of life is much more affected in DPU patients when compared with other 
forms of PU. Sometimes, the lesions can last up to 72 h [14].

The diversity of symptoms suggests that other mediators such as cytokines and interleukins 
play a role in addition to histamine in the pathogenesis of DPU. There is evidence that IL‐1, 
IL‐3, IL‐6, and tumor necrosis factor alpha (TNF‐α) play a role in the etiopathogenesis [12]. 
More recently, neuropeptides, such as substance P and calcitonin gene‐related peptide, have 
also shown to be taking a part in the formation of DPU [15].
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After taking proper history of the patient, if there is a suspicion of DPU, skin provocation 
test should be performed. Either weighted rods (7 kg weight with a 3 cm wide strap over 
the shoulder) or dermographometer can be used for this purpose. Weighted rods should be 
applied for 15 min and the dermographometer for 70 sec. If a red‐colored edema appears after 
6 h of the trigger, the test result is accepted as positive [16].

The etiology of DPU is not clear, so symptomatic treatment and avoidance are the mainstay of 
the therapy. Angioedema can be made less frequent or less severe with H1 antihistamines [3]. 
Most of the time, additional efforts are necessary to control the attacks. Leukotriene antago‐
nists, dapsone, sulfasalazine, or combinations of these have been reported to be successfully 
used in the literature. Systemic steroids can be used in flare‐ups. Recent studies show the 
benefit of omalizumab, but further controlled studies are necessary [17]. Anecdotal reports 
have shown the efficacy of intravenous immunoglobulins, tranexamic acid, and chloroquine 
[18, 19]. More recently, good results with gluten‐free diet have been reported [14]. Cassano 
et al. reported remission of DPU after eradication of Blastocystis hominis surprisingly [13].

4. Heat contact urticaria (HCU)

Heat contact urticaria (HCU) is a rare type of PU in which wheals appear after contact to 
objects with temperature higher than the skin temperature itself [20]. The lesions emerge 
within a few minutes after the trigger and last for a few hours. Most of the patients are 
20–45‐year‐old females. Most of the patients with HU have additional systemic symptoms 
such as weakness, headache, flushing, diarrhea, shortness of breath, and, even sometimes, 
syncope [21–23]. Some familial cases with autosomal dominant inheritance have been shown 
[2]. Most of the time, the trigger is a warm bath. Hot air, heating pads, open fire, heated stove, 
hair dryers, and indirect sunlight can also cause HU [24].

In case of a suspicion, container filled with hot water should be applied for about 5 min to the 
skin, or the patient should be asked to shower with hot water at a temperature of 45°C. If the 
testing area shows a palpable and clearly visible wheal and flare, it is accepted as a positive test. 
In most of the cases, a burning sensation can accompany the itching. In patients with a positive 
test result, stimulation time and temperature threshold levels should be measured [25].

Generalized HU must be differentiated from cholinergic urticaria. In HU, the whealing and 
flares are limited to the contact areas. The lesions are mostly in similar size and morphology. 
On the contrary, cholinergic urticaria is caused by an increase in the body core temperature 
and the lesions are small pinpoint hives with flushing [26].

In HCU, the principal of the treatment is to avoid heat if possible. Sometimes, heat desensiti‐
zation can be effective. For symptomatic cases, H1 antihistamines are the first‐line treatment, 
and in case of failure, the dose can be increased up to fourfold [26]. Omalizumab, montelu‐
kast, and cyclosporine are the third‐line treatments [27]. Systemic steroids, colchicine, and 
disodium cromoglycate can be used in resistant cases [8].
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5. Cold contact urticaria (CCU)

Cold contact urticaria (CCU) is characterized by the appearance of wheals and angioedema 
after exposure to cold. Lesions occur a few minutes following the cold contact. Lesions usually 
do not spread beyond the contact area [28]. This form of PU can be fatal in some cases. After 
extensive cold contact, severe angioedema or shock can be seen, mostly following swimming 
in cold water [29]. CCU is mostly seen in young adults and can continue for 5–8 years [2].

There are some rare variants of CCU. In some cases, CCU lesions develop 24–48 h after cold 
exposure. In this case, it is called delayed CCU. In cold‐ dependent dermatographism, the lesions 
are seen in cold‐exposed and mechanically stimulated areas. Cold‐ induced cholinergic urticaria 
is the case that happens after physical exercise in cold air [30]. Familial cold auto‐inflamma‐
tory syndrome (FCAS) is a rare autosomal dominant condition in which wheals appear within  
2 h of systemic cold exposure. The lesions in this syndrome cannot be brought out by localized 
cold exposure. In FCAS, CIAS1/NLRP3 mutation leads to the activation of NLRP3 inflamma‐
some complex, and finally, interleukin‐1β is released from the mast cells. That is why FCAS 
responds dramatically to interleukin‐1 antagonists [31].

CCU lesions and symptoms arise as a result of the release of some mediators such as hista‐
mine, prostaglandin D2, platelet‐activating factor, and leukotrienes. Yet, it is not known why 
cold exposure causes the release of these mediators [32]. Half of the CCU patients are positive 
for antibodies against immunoglobulin E (IgE). IgE binding of some possible, unproven cold‐
depended skin antigens can be the reason of mast cell degradation [33]. It is also shown that 
CCU patients have circulating histamine‐releasing factors and positive autologous serum skin 
test (ASST) [34].

Suspecting CCU or angioedema, one should perform cold stimulation test since fatality has 
been reported in several cases. In this test, the volar aspect of the forearm is exposed to ice cube 
in a thin plastic bag for 5 min. Ten minutes after the removal of the bag, the response should 
be assessed. If a well‐demarcated, palpable wheal with a pruritic and burning sensation is 
present, the test is considered as positive. Ice cube should be in a thin bag in order to avoid 
any confusion with aquagenic urticaria [35]. Further critical temperature threshold tests with 
sophisticated devices can enable the patients to avoid situations that cause whealing [28]. More 
accurate testing is possible with computer‐aided thermoelectric Peltier device. This device can 
also be used for the evaluation of the success of the treatments. In most of the studies, the criti‐
cal temperature threshold is about 15–20°C [36]. The avoidance of below threshold tempera‐
tures is hard to manage in daily life. Even so, the patients should be warned to avoid contact 
with subthreshold temperatures.

The essential of the treatment of CCU is to avoid cold exposure. Non‐sedating H1 antihista‐
mines are accepted as the first‐line therapy by the current European Academy of Allergy and 
Clinical Immunology (EAACI)/Global Allergy and Asthma European Network (GA2LEN)/
European Dermatology Forum (EDF)/World Allergy Organization (WAO) guidelines [5]. 
Usually high doses of H1 antihistamines are necessary to control CCU. Siebenhaar et al. 
claimed that high dose of desloratadine is better in controlling CCU when compared with 
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the standard dose [37]. Likewise, Magerl et al. reported that H1 antihistamine up‐dosing 
increases the success rate in the treatment of CCU [38].

In case of failure of therapy with H1 antihistamines, there is lack of well‐studied alternative 
treatment options. Boyce JA reported successful treatment of cold‐induced urticaria/anaphy‐
laxis with omalizumab (anti‐IgE) [39]. In 2011, Gualdi et al. claimed that a patient who had 
CCU healed with the use of etanercept for the treatment of co‐existing psoriasis vulgaris. 
It was the first case report regarding the efficacy of etanercept in CCU [40]. Interleukin‐1 
receptor antagonist (anakinra) was shown to be effective in controlling severe idiopathic cold 
urticaria [41]. But more controlled studies are necessary to show the effects of omalizumab, 
etanercept, and anakinra in CCU.

Cold tolerance induction and maintenance therapy can also be tried with precaution due to the 
risk of anaphylaxis. In this procedure, the patient starts daily showers, first with water temper‐
atures above the threshold and in time, the temperature of the water is decreased gradually. 
Acquired tolerance is maintained with daily cold showers for a long time [42].

6. Vibratory urticaria (VU)

Vibratory urticaria (VU) is a rare form of PU in which whealing and pruritus of the skin is 
observed after vibration at the contact area [43]. For proper diagnosis, provocation testing can 
be done by using a laboratory vortex mixer at a frequency of 1000 r.p.m. Test is considered 
positive with swelling 10 min after provocation [4]. Nonsedating H1 antihistamines are the 
first‐line therapy [9].

7. Solar urticaria (SU)

Solar urticaria (SU) is characterized by wheals and sometimes angioedema after visible or 
ultraviolet (UV) light exposure [44]. Young adults are more commonly affected with a female 
predominance. The lesions which develop within 10 min of solar exposure are limited to the 
exposed areas. There are some variants of SU. Monfrecola et al. reported a case of solar urti‐
caria with delayed onset [45]. Torinuki reported two cases with solar urticaria manifesting 
pruritic erythema but no whealing [46].

It is thought that some unknown photo‐allergens that are produced in the skin after sun expo‐
sure cross‐react with IgE on mast cells, and as a result, histamine and other inflammatory 
mediators are released. Norris et al. and Esdaile et al. claimed that bruised skin is more prone 
to the formation of SU. They tried to explain this by the migration of photo‐allergens into the 
skin through damaged vessels [47, 48].

In a chronic urticaria patient, after history taking, if there is a suspicion of SU, we should per‐
form provocation test. For this purpose, solar simulators can be used. Provocation should be 
performed on body areas which are usually not exposed to sunlight, such as the buttocks, and 
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UVA, UVB, and visible light should be used separately. In a positive test result which means 
flare and whealing within 10 min of the exposure, threshold testing should also be done using 
increasing radiation doses [8].

It is difficult to manage SU. Avoidance of the sunlight exposure is almost impossible. 
According to the guidelines, H1 antihistamines are the first‐line treatment options. But only 
one‐third of the patients respond well to the antihistamines. Repeated sunlight exposure can 
induce tolerance [45]. For this purpose, PUVA and narrow‐band UVB can be used. Güzelbey 
et al. reported successful treatment of SU with anti‐immunoglobulin E therapy [49]. There are 
few other studies in the literature showing the efficacy or inefficacy of omalizumab [50, 51].

Hughes et al. and Correia et al. reported that SU can be successfully treated with intravenous 
immunoglobulin [52, 53]. On the contrary, Llamas‐Velasco et al. claimed that intravenous 
immunoglobulin was ineffective in the treatment of SU [54]. In 2011, Haylett et al. revealed 
that systemic photoprotection was possible with alpha‐melanocyte‐stimulating hormone 
(afamelanotide). Its mechanism of action is to increase melanization of the skin. With this 
effect, it protects the skin from the penetration of UV and visible wavelengths [55].

8. Conclusion
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Abstract

The term “contact urticaria” was first used by Fisher in 1973 as a pruritic wheal and flare 
reaction appearing within minutes after the contact of the skin with the substance caus-
ing the reaction. The incidence is not clearly known due to misdiagnosis. The causative 
agents can be plants, food substances, drugs, cosmetic products, chemicals and animal 
products. Contact urticaria is classified according to the underlying mechanism as non-
immunologic (irritant), immunologic (allergic) and mixed (undetermined). It is usually 
local but can rarely cause systemic symptoms and sometimes result in anaphylaxis. 
Diagnostic tests include the prick test, open test and RAST test. The main treatment step 
is avoiding the causative agent.

Keywords: urticaria, contact, sensitization, immunologic, irritant, occupational

1. Introduction

The term “contact urticaria” was first described by Fisher in 1973 as a pruritic wheal and 
flare reaction occurring within minutes after contact with the suspected contact substance [1]. 
Contact urticaria is accepted as one of the chronic inducible urticaria disorders and is seen in 
1–2% of chronic urticaria patients [2, 3]. Although the disorder is thought to be common, its 
clear incidence is not known due to underreporting and underdiagnosis [4–6]. It is often seen 
on the face, hands and arms and is characterized by itching, redness and swelling [7]. A wide 
variety of allergens including animal products, plants, food, chemicals, cosmetics, flavoring, 
medications, enzymes and metals are responsible for contact urticaria development (Table 1).

Contact urticaria is classified according to the underlying mechanism as non-immunologic/
irritant, immunologic/allergic urticaria and those with mixed/undetermined pathomecha-
nism [4]. Non-immunologic contact urticaria (NICU) is often characterized by localized reac-
tions regressing within a short time. Immunologic contact urticaria (ICU) occurs as a type 1 
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hypersensitivity reaction in previously sensitized individuals and there may be involvement 
in the respiratory and gastrointestinal system in addition to the skin, resulting in anaphylactic 
reaction [7]. Contact urticarial syndrome (CUS) is characterized by systemic findings occur-
ring within minutes after contact with the contact allergen, and it was first identified in 1975 
by Maibach and Johnson [8, 9].

Contact urticaria usually causes a localized and transient reaction and the diagnosis is 
therefore often missed. However one must consider that it leads to a marked decrease in 
the patient’s quality of life. It is therefore essential to diagnose the condition and determine 
the suspect agent.

This chapter reviews the definition of contact urticaria together with the causative agents, 
diagnostic tests and ways to avoid the disorder together with a survey of the literature.

2. Classification of contact urticaria

2.1. Non-immunologic contact urticaria

Non-immunologic contact urticaria occurs with the first contact of the person to the sub-
stance causing reaction. It is the most common type of contact urticaria. NICU is thought to 
occur with the stimulation of vasogenic mediators without involvement of immunological 
processes [4]. In addition to nonspecific histamine secretion, leukotriene, prostaglandin, sub-
stance A and eicosanoids are also responsible for this reaction [4, 10].

“Stinging nettle (Urtica dioica)” is best known among the agents that lead to NICU. Preservatives, 
fragrances, foodstuffs, cosmetics, toiletries, topical medications, chemicals and insecticides can 

• Animal-animal derivated products (blood, urine, saliva, seminal fluid, hair), meat, milk, cheese, eggs, honey silk, 
wool

• Cosmetic components: hair care products (ammonium persulphate, henna, parafenilendiamin), emulsifiers, 
fragnances, allantoin, aloe gel

• Dyes: an azo, anthraquinone or phthalocyanine derivative

• Enzymes

• Foods: furits, vegetables, meat, fish, spice, plants, grains

• Food additives:flavoring, fragnansec, taste enhancer

• Metals: aluminum, chromium cobalt, copper, gold, nickel, zinc

• Natural rubber latex

• Plants: weed, wood, ornamental

• Preservatives and disenfectants: sodium benzoate, benzoic acid, benzyl alcohol, sorbic acid, formaldehyde, para-
bens, povidone-iodine, chloramine, chlorhexidine

Table 1. Contact allergens causing contact urticaria [5, 6].
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also cause NICU (Table 2). The severity and duration of the reaction in NICU vary according to 
the size of the contact area and the substance. It is characterized by localized redness, swelling, 
itching and burning. The lesion tends to regress within hours [4]. NICU is mostly seen on the 
face, antecubital fossa, upper back, upper arm, volar forearm and lower back.

2.2. Immunologic contact urticaria

Immunologic contact urticaria is a type 1 hypersensitivity reaction after contact of the aller-
gen to the skin and mucosa. It often occurs with IgE sensitization but IgG and IgM can also 
be responsible for complement activation [10]. The penetration of the allergen to the epider-
mis results in IgE binding to the mast cells and the secretion of vasoactive substances such 
as histamine, prostaglandin, leukotriene and quinine [6]. While proteins with a molecular 
weight over 10,000 lead to sensitization directly, chemicals with a low molecular weight 
(below 1000) act like a hapten and bind to carrier proteins such as albumin to cause ICU 
[6, 10].

Atopic individuals are more prone to ICU development [10–12]. The identification and diag-
nosis of the disorder therefore become difficult especially in individuals with eczema. One 
of the significant characteristics of the disease is that it is not only related to the skin but 
can be generalized with respiratory and gastrointestinal system involvement and anaphylac-
tic shock, leading to systemic findings [4]. Protein (animal proteins, plants) and non-protein 
(chemicals, drugs and metals) materials can cause ICU (Table 3).

Natural rubber latex is the most common allergen held responsible for ICU [4]. Latex is a 
fluid obtained from the body of the tropical rubber tree (Hevea brasiliensis) and is a natural 
rubber resource. Latex proteins are allergenic and preserve their antigenic characteristics 
in the final product. Gloves, catheters, tourniquets, stethoscopes, masks, electrode tips, bal-
loons, condoms, pacifiers, stretch clothes, shoe soles and underwater goggles contain latex 
[13]. Health workers, cleaning workers and hairdressers are often at risk. However, natural 
latex rubber is common in daily life and the general population is also at risk in terms of ICU 
development [13–15]. Cross-reaction with latex has been identified with fruits (avocado, 
banana, apple and kiwi), vegetables (paprika, carrot, celery, potato and tomato), plants and 
pollens [4, 16–21]. It must also remember that the raw food protein can show allergenic 
reaction, but the reaction disappears when these cooked. This applies to raw fish, garlic and 
herbs in particular [22].

2.2.1. Contact urticaria syndrome

The term “contact urticaria syndrome” was first used in 1975 by Maibach and Johnson to identify 
the systemic reaction developing after contact with a substance [8]. CUS is more common in ICU, 
but can also develop in NICU [23]. It is characterized by a heterogeneous clinical picture includ-
ing systemic findings occurring immediately following a contact urticaria reaction. The systemic 
involvement consists of four stages identified by von Krogh and Maibach [9] (Table 4). Localized 
urticaria is seen at stage 1 and generalized urticaria at stage 2. Stage 3 is characterized by bron-
chial asthma, rhinoconjunctivitis, orolaryngeal syndrome and gastrointestinal dysfunction and 
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Immunological contact urticaria

• Acetylsalicylic acid

• Aminophenazone

• Bacitracin

• Benzophenone

• Benzoyl peroxide

• Benzylic alcohol

• Butylhydroxytoluene

• Cephalosporins

• Chloramine T

• Chlorhexidine

• Chlorpromazine

• Colophony

• Copper

• Di(2-ethylhexyl) phthalate (DOP)

• Diethyltoluamide I

• Diglycidyl ether of bisphenol A (DGEBA) epoxy resin

• Etofenamate

• Gentamycin

• Levomepromazine

• Lindane

• Methylhexahydrophthalic anhydride

• Methylmetacrylate

• Naphthylacetic acid

• Nickel

• Neomycin

• Nylon

• Oleic acid

• O-phenylphenate

• Penicillins

• Phenoxyethanol

• Phenylmercuric acetate

• Platinum salts

• Polyethylene

• Polyfunctional aziridine hardener
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• Promethazine

• Propylene glycol

• Pyrazolone

• Rifamycin

• Wool alcohol

• Xylene

Non-immunological contact urticaria

• Acetic acid

• Amyl alcohol

• Balsam of Friar

• Benzaldehyde

• Benzoic acid

• Butyl alcohol

• Butyric acid

• Capsaicin

• Chlorocresol

• Chloroform

• Cinnamaldehyde

• Cinnamic acid

• Cobalt chloride

• Diethyl fumarate

• Ethyl alcohol

• Isopropyl alcohol

• Nicotinic acid

• Sodium benzoate

• Sorbic acid

• Tar

Immunological/non-immunological contact urticaria

• Benzocaine

• Balsam of Peru (Myroxylon pereirae)

• Formaldehyde

• Fragrances

• Iodine

• Menthol

• Persulfates

Table 2. Non protein molecules responsible for contact urticaria [10].
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Animals and their derivates

• Aminiotic fluid

• Blood

• Calf

• Cow

• Caterpillar

• Dogs

• Guinea pig

• Horse

• Hair (human, mice, rat)

• Jellyfish

• Mites

• Pig

• Plasenta

• Rat

• Saliva

• Serum

• Silk

• Urine

• Worm

Plant and derviates

• Algae

• Aloe

• Birch

• Camolile

• Corn powder

• Elm tree

• Larch

• Lime

• Mulbery

• Poppy flowers

• Sunflower seeds

• Tobacco

• Tropical woods

• Tulips

Plant derivates

• Abietic acid

• Colophony

• Cornstrach

• Latex rubber

• Turpedine
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stage 4 by anaphylaxis [9]. CUS is characterized by itching, burning and pain associated with an 
urticarial plaque in the localized form. The disease can result in nasal symptoms, conjunctivitis, 
bronchospasm, dyspepsia and anaphylactic shock following angioedema. Non-dermatologic 
symptoms can be seen in 15% of the patients [9].

2.3. Mixed/undetermined pathomechanism

The pathogenesis is not clear for some of the substance, while certain agents result in only 
immunologic or non-immunologic urticaria. Ammonium persulfate is an example of these sub-
stance that can cause contact urticaria with an undetermined pathomechanism [4, 9] (Table 2).

Vegetables

• Asparagus

• Beans

• Cabbage

• Celery

• Fungi

• Garlic

• Lettuce

• Mushroom

• Mustard

• Onion

• Rice

• Soybean

• Tomato

Fruit

• Apple

• Apricot

• Banana

• Kiwi

• Lemon

• Lime

• Mango

• Orange

• Peach

• Peanut

• Plum

• Strawbery

• Watermelon
Meat: beef, calf, lamb, chicken, Turkey
Fish: cod, crab, frog, seafood, raw fish
Other animal product: cheese, egg, honey, milk

Table 3. Protein molecules responsible for contact urticaria [6].
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3. Special types of contact urticaria

3.1. Occupational contact urticaria

Skin diseases are the second most common occupational diseases in Europe and occupational 
contact urticaria (OCU) makes up 1–8% of occupational skin disorders [12]. The most com-
monly affected professional groups are healthcare employees, food handlers, farmers and 
hairdressers [24, 25]. Immunologic and non-immunologic contact urticaria types can be seen 
in OCU. The risk of sensitization against all proteins is high in presence of atopy in OCU [10]. 
Besides, atopy is also important in OCU associated with NICU [10].

Natural rubber latex is the most commonly identified allergen and this allergy is seen in 1–3% 
in general population and 5–10% of healthcare workers in Europe [10]. H. brasiliensis proteins 
are the main responsible agents for natural rubber latex allergy [10]. A reaction against modi-
fied proteins (wheat, soy and Croetin Q) that are added to shampoo and especially ammo-
nium persulfate is often observed in hairdressers [26, 27]. Reactions against saliva, amniotic 
fluid, urine and seminal fluid of animals have been defined in animal handlers, farmers and 
veterinarians. Dyes cause contact urticaria at significant levels in the cosmetic and industrial 
sectors [4, 6].

3.2. Oral allergy syndrome (food contact dermatitis)

“Oral allergy syndrome” is used to identify ICU developing in the mucosa [28]. It is characterized 
by mucosal edema, itching and a burning sensation after contact of the oral mucosa with respira-
tory allergens [29]. Cross-reactivity between homologous pollen and food allergens is accused in 
the etiology [29]. The term pollen-food allergy syndrome (PFAS) can therefore also be used [30].

Fruits and vegetables especially apples, carrots, tomatoes, pears, cherries, plums, celery, 
spices and hazelnuts are the agents that are often blamed for the oral allergy syndrome. The 
individuals who have oral allergy syndrome frequently suffer from atopy and pollen allergy, 
therefore a cross allergy against IgE antibodies has been observed [30].

3.3. Physical contact urticaria

Some physical urticaria cases occur following skin contact with hot, cold, light (UV: solar 
urticaria), water or as dermographism, pressure hives and vibratory angioedema. A physical 

• Stage 1: Localized urticaria, dermatitis, nonspecific symptoms (itching, tingling, burning, etc.)

• Stage 2: Generalize urticaria

• Stage 3: Bronchial asthma, rhinoconjunctivitis, orolaryngeal symptom and gastointestinal dysfunction

• Stage 4: Anaphylactic and anaphylactoid reaction

Table 4. Contact urticaria syndrome staging [9].

A Comprehensive Review of Urticaria and Angioedema54



3. Special types of contact urticaria

3.1. Occupational contact urticaria

Skin diseases are the second most common occupational diseases in Europe and occupational 
contact urticaria (OCU) makes up 1–8% of occupational skin disorders [12]. The most com-
monly affected professional groups are healthcare employees, food handlers, farmers and 
hairdressers [24, 25]. Immunologic and non-immunologic contact urticaria types can be seen 
in OCU. The risk of sensitization against all proteins is high in presence of atopy in OCU [10]. 
Besides, atopy is also important in OCU associated with NICU [10].

Natural rubber latex is the most commonly identified allergen and this allergy is seen in 1–3% 
in general population and 5–10% of healthcare workers in Europe [10]. H. brasiliensis proteins 
are the main responsible agents for natural rubber latex allergy [10]. A reaction against modi-
fied proteins (wheat, soy and Croetin Q) that are added to shampoo and especially ammo-
nium persulfate is often observed in hairdressers [26, 27]. Reactions against saliva, amniotic 
fluid, urine and seminal fluid of animals have been defined in animal handlers, farmers and 
veterinarians. Dyes cause contact urticaria at significant levels in the cosmetic and industrial 
sectors [4, 6].

3.2. Oral allergy syndrome (food contact dermatitis)

“Oral allergy syndrome” is used to identify ICU developing in the mucosa [28]. It is characterized 
by mucosal edema, itching and a burning sensation after contact of the oral mucosa with respira-
tory allergens [29]. Cross-reactivity between homologous pollen and food allergens is accused in 
the etiology [29]. The term pollen-food allergy syndrome (PFAS) can therefore also be used [30].

Fruits and vegetables especially apples, carrots, tomatoes, pears, cherries, plums, celery, 
spices and hazelnuts are the agents that are often blamed for the oral allergy syndrome. The 
individuals who have oral allergy syndrome frequently suffer from atopy and pollen allergy, 
therefore a cross allergy against IgE antibodies has been observed [30].

3.3. Physical contact urticaria

Some physical urticaria cases occur following skin contact with hot, cold, light (UV: solar 
urticaria), water or as dermographism, pressure hives and vibratory angioedema. A physical 

• Stage 1: Localized urticaria, dermatitis, nonspecific symptoms (itching, tingling, burning, etc.)

• Stage 2: Generalize urticaria

• Stage 3: Bronchial asthma, rhinoconjunctivitis, orolaryngeal symptom and gastointestinal dysfunction

• Stage 4: Anaphylactic and anaphylactoid reaction

Table 4. Contact urticaria syndrome staging [9].

A Comprehensive Review of Urticaria and Angioedema54

agent does not cause a reaction alone but leads to the activation of a chemical product in some 
cases. It is possible to see this mechanism in induced contact urticaria. Benzophenones, chlor-
promazine, methenamine hippurate and formaldehyde are included among the agents that 
can cause such a reaction [31–33].

3.4. Delayed and prolonged contact urticaria

Contact urticaria, protein contact dermatitis and allergic contact dermatitis can sometime 
coexist. The patients can primarily present with an urticarial lesion and the contact dermatitis 
and eczematous lesions can develop later [32, 34]. Elm, vaseline and castor oil are agents that 
often cause delayed and prolonged contact urticaria [10].

4. Diagnosis

The contact urticaria diagnosis is made with a detailed history and dermatologic examina-
tion. The detailed history should include the occupation, hobbies, additional systemic disor-
ders and current medication of the patient, and when the lesion started, how long it lasted 
and the presence of accompanying symptoms (allergic rhinitis, conjunctivitis, gastrointestinal 
symptoms and angioedema) [7]. An open test, patch test, prick test, scratch test and intrader-
mal test are the test mainly used for diagnosis.

The allergens are properly prepared and applied to the skin of the inner surface of the forearm 
or back in the open test. The test is conducted both with cooked and uncooked samples of the 
foods. The evaluation of the contact urticaria response should be performed 45-60 minutes 
after the contact of allergen with the skin [13]. This duration can be extended to 1 hour if NICU 
is suspected. A positive response in contact urticaria consists of edema and/or erythema [6].

The test substances for the rubbing test are prepared as in the open test and are applied by 
rubbing with a finger or cotton swab 15–20 times to increase the absorption. Dermographism 
should be tested before the rubbing procedure and the test should not be performed with latex 
gloves. The evaluation is performed 15–20 minutes after the test substances are removed [13].

The short-term patch test can be used to prevent the contact urticarial factors from spreading 
or drying. In the closed test method, the patch test sites are opened after 20 minutes and the 
urticarial reaction evaluated [13].

The prick test demonstrates the presence of specific tissue IgE against the allergen. It is used 
in the diagnosis of immunologic contact urticaria [13]. Commercial antigens in 2–3 ml bottles 
are used for the test. The test can be conducted on the skin of the inner surface of the forearm 
or the back. The evaluation is performed 15–20 minutes after the contact of the allergen with 
the skin. However, the test should be finalized early in case of severe reaction development. 
The most important point during the test is to use a separate lancet for each allergen and to 
apply the allergens 2 cm away from each other [13].

After a superficial scratch of 5–10 mm is formed with the lancet, the test substance is applied 
to the scratch and evaluation is performed 5–20 minutes later [13].
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In the closed scratch test, the test substance is applied similarly and then covered. The evalu-
ation of the test is performed 20 minutes later [13].

It is possible to use histamine hydrochloride as a positive control and aqueous sodium 
hydroxide as a negative control for the prick and scratch tests.

The radioallergosorbent test (RAST) measures specific IgE in the serum. It can be used for 
the diagnosis of ICU and CUS and also detect cross-allergenicity [16].

If a strong early reaction is suspected, the first step should be specific IgE measurement and it 
should be followed by non-invasive skin tests (open test-rubbing test and close test) and inva-
sive skin tests (prick test, scratch test and closed scratch test) at the final stage [13]. Besides 
specific IgE measurement, open test should be used first when a direct puncture test is risky in 
latex allergy. It should not be forgotten that latex can cause cross-react with fruits, vegetables 
and seafood, plants and pollen while latex allergy is evaluated [18–21].

It is necessary to discontinue H1 antihistamines for 1 week, H2 antihistamines for 1 day, ste-
roids (if used for longer than 1 week) for 1–3 weeks and phototherapy for a couple of weeks 
before skin tests [13, 35]. The possibility of an anaphylactic reaction should be considered 
during skin tests. All skin tests should therefore be conducted in the special clinic where the 
proper and necessary equipment are available.

5. Prevention and treatment

The first step in the treatment is to avoid and eliminate the allergen. Identification of the aller-
gens is therefore the main step of the treatment [36].

The secretion of histamine and other mediators from mast cells should be prevented to 
decrease symptoms. The first treatment step consists of 2nd generation H1 antihistamines. 
The antihistamine dose can be increased if there is no benefit at first. In addition to oral 
antihistamines, systemic steroid treatment can also be used in severe cases. Conducting the 
treatment in units where resuscitation can be performed is appropriate for anaphylaxis and 
anaphylactic shock cases [6].
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Abstract

Urticarial vasculitis (UV) is a small vessel vasculitis and an immune-complex mediated 
disease like other leukocytoclastic vasculitis. UV seems similar to common urticaria 
clinically. Major difference between urticarial vasculitis and urticaria is the duration of 
lesions. Urticarial lesions regress in 24 hours, but UV lesions persist longer than 24 hours. 
Residual hyperpigmentation, constitutional symptoms like fever, arthralgia, and abdom-
inal pain are other main clinical differences between these disorders. Upon confirmation 
of diagnosis, patients are divided into two major categories on the basis of serum comple-
ment levels: normocomplementemic UV (NUV) and hypocomplementemic UV (HUV). 
Consensus meeting in 1996 stated that long lasting (at least 24 hour–5 days) indurated 
wheals, which may be itchy, painful or tender, be associated with purpura and presence 
of associated extracutaneous findings, and cutaneous vasculitis confirmed by histopatho-
logical examination are defined as UV.

Keywords: hypocomplementemia, normocomplementemic, urticaria, vasculitis

1. Introduction

Urticarial vasculitis (UV) is an entity that is characterized by clinical presence of urticarial 
lesions and histopathological presence of vasculitis. Major difference between urticarial vascu-
litis and urticaria is the duration of lesions. Urticarial lesions regress in 24 hours, but UV lesions 
persist longer than 24 hours. Residual hyperpigmentation, constitutional symptoms like fever, 
arthralgia, and abdominal pain are other main clinical differences between these disorders [1]. 
UV lesions can be pruritic but more commonly these lesions are associated with symptom of 
burning. Skin biopsy shows histopathologic features of leukocytoclastic vasculitis [2]. Lesions 
usually persist for several months but very rarely they persist for years [3]. UV may be seen 
as a manifestation of a systemic disease or it may develop into a systemic illness by itself [2].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Section

2.1. Epidemiology

UV is a rare condition and the exact incidence is not known as a result of small number of 
literature reports. UV frequency is reported to be between 2 and 20% in chronic urticaria 
patients and if histologic definition of vasculitis is used as a criterion for diagnosis then the 
estimate of the prevalence of UV in chronic urticaria patients becomes approximately 5% 
[1, 3, 4]. Approximately 80% of UV patients have underlying or associated disease [2]. UV is 
more common in women and very rare in children [4]. Case report of an infant with UV is the 
only case report presenting the literature [5]. The peak incidence of the disease is in the fourth 
decade of life [4].

2.2. Etiopathogenesis

UV is a small vessel vasculitis and an immune-complex mediated disease like other leuko-
cytoclastic vasculitis. Leukocytoclastic vasculitis is an example for type III immune reaction, 
which is characterized with circulatory immune complexes [6]. Initially antigen-antibody 
complex is formed in blood and then accumulation of the vessel walls. This complex reac-
tion leads to the activation of complement system by the classical pathway. Anaphylatoxins 
C3a and C5a induce mast cell degranulation and cytokine synthesis. Mast cells release tumor 
necrosis factor alpha (TNFα), prostaglandins, histamine, heparin, platelet activating factor, 
leukotrienes, neutrophil chemotactic factor A, neutral protease, and tryptase [6]. Increase in 
cytokine and chemokine production results in edema and tissue reaction. Main antibodies in 
this reaction are IgG or IgM, and rarely IgA. The antigen in the complex may be autologous 
or it may derive from exogenous origin such as an infection or drugs [4]. But the antigens are 
mostly not known [1]. Based on the level of complement, UV is divided into two subgroups: 
normocomplementemic UV (NUV) and hypocomplementemic UV (HUV) [7]. UV is often 
idiopathic, but in some cases, it can be triggered with drugs, infection (hepatitis B and hepa-
titis C), connective tissue disease, neoplasia, cold, and exercise. [3, 8–12]. Drugs were found 
to be responsible for 10% of UV patients. The risk of UV is irrespective of both dose and 
frequency [8]. Infliximab, procainamide, antidepressants, methotrexate, sulfamethoxazole-
trimethoprim, diltiazem, cimetidine, enalaprilin, and nonsteroid anti-inflammatory drugs 
(NSAIDs) are the main drugs reported in the literature [3, 13]. A patient with UV should 
also be examined for underlying diseases like viral infections, monoclonal gammopathies, 
serum sickness, and serum sickness like reactions, SLE, Sjögren’s syndrome (SS) or mixed 
cryoglobulinemia [2, 14, 15]. Polycythaemia rubra vera [16], essential thrombocythemia [17], 
systemic sclerosis [18], acquired reactive perforating collagenosis [19], lymphoma [20], leu-
kemia [21, 22], and thyroid dysfunction [23] are the other systemic diseases reported in the 
literature. UV patients with normal serum complement levels have rarely systemic manifesta-
tions. By contrast, UV patients with decreased C3 and C4 have systemic diseases including 
lung, kidney, and eye involvement [14]. At the same time, HUV patients may have extracu-
taneous symptoms like fever, myalgia, malaise, fatigue, arthralgia, conjunctivitis, episcleritis, 
nephritis, and cardiac valve involvement [8, 24]. A small group of patients with HUV also 
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have anti-C1q antibodies (anti-C1q Ab), and this group is considered as a separate entity 
called HUVS [7]. Ig G autoantibodies to the collagen like region of C1q (anti-C1q Ab) were 
detected in HUVS patients’ serum. Anti-C1q Abs were also detected in patients with systemic 
lupus erythematosus (SLE) and 85% of these patients had glomerulonephritis. Anti-C1q Ab is 
associated with glomerulonephritis in SLE patients [2]. However, all HUVS patients have UV 
lesions and anti-C1q Ab, but only a group of SLE patients have UV lesions [2]. UV occurs in 
5–10% of SLE patients and 28–47% of SLE patients have anti-C1q Ab [14]. HUVS patients form 
a small fraction of idiopathic HUV group (less than 5%), and these patients may have gas-
trointestinal, neurologic, ophthalmologic, renal, and pulmonary involvement [7]. Pulmonary 
disease in patients with HUVS was first described in 1982 with an incidence of 50%. However, 
these patients had history of tobacco exposure. After this report, different incidences (15–
50%) were reported in HUVS patients. The exact mechanism of obstructive lung disease is not 
known but vasculitis of pulmonary capillaries, dysfunction of α 1 antitrypsin and binding of 
anti-C1q Ab to the surfactant proteins in pulmonary alveoli are the possible hypotheses for 
pathogenesis [14]. Renal disease was also reported in 20–30% of patients with HUVS [25].

2.3. Clinical features

UV is characterized by widespread urticarial lesions each lasting longer than 24 hours clini-
cally [12, 26]. Classically urticarial plaques of UV are persistent or long lasting (in 64% of 
patients more than 24 hours) (Figure 1) and may resolve with purpura (Figure 2) or hyper-
pigmentation (in up to 35% of patients) in comparison to common urticaria [12]. Lesions may 

Figure 1. Urticarial lesions on the dorsal trunk of 47 years old male that is present for a month. The histopathological 
examination revealed lymphocytic vasculitis and laboratory examinations yield a diagnosis of accompanying Sjögren 
syndrome.
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be  asymptomatic, are usually pruritic and sometimes painful, tender or burning (in 33% of 
patients) in comparison to intensely pruritic urticarial lesions (Table 1) [12, 27]. UV presents 
usually with classical wheals but rarely livedo reticularis or even bullae may develop [12]. 
Angioedema can sometimes accompany urticarial lesions in up to 42% of UV patients [4, 12]. 
In a study reported it was detected that angioedema was present in 13% of HUV and 23% of 
NUV cases [28]. Following angioedema, a residual bruising may develop [12]. Typically clinical 
lesions of UV are recurrent and persist for more than 4–6 weeks even years [27]. As there are dif-
ferent clinical presentations of UV lesions, a biopsy is crucial in establishing a definite diagnosis 
[12]. All patients show histopathological evidence of leukocytoclastic vasculitis on biopsy [28].

Clinical characteristic UV Common urticaria

Lesion predilection Dependent areas, areas under focal 
pressure, anywhere

Anywhere

Symptoms Painful, tender, burning, pruritic Intensely pruritic

Persistence More than 24 hours [usually 24–72 
hours]

Less than 24 hours [usually 30 minutes–24 
hours]

Residual signs Purpura or hyperpigmentation None

Table 1. Clinical characteristics of cutaneous lesions of UV in comparison with common urticaria.

Figure 2. Widespread urticarial lesions with central purpura located on left lateral thigh of 85 years old female patient.
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Upon confirmation of diagnosis, patients are divided into two major categories on the basis 
of serum complement levels: normocomplementemic UV (NUV) and hypocomplementemic 
UV [HUV] cases [28]. Many UV patients have NUV [27]. UV patients also frequently present 
with systemic manifestations (Table 2) [26]. The most commonly observed systemic manifes-
tation of UV is termed as “AHA syndrome”: arthralgias and arthritis, hives and angioedema 
[12]. Like in the situation of cutaneous lesions, common urticariais still in the differential 
diagnosis of systemic manifestations of UV as common urticariacan rarely has angioedema 
and systemic symptoms like arthralgia or abdominal pain [12]. Systemic manifestations of 
UV develop mostly in hypocomplementemic patients [12]. HUV patients frequently have an 
underlying systemic disease [26, 29]. Systemic manifestations of HUV patients occur regard-
less of being idiopathic (primary HUV) or associated with an underlying disease (secondary 
HUV) [12]. Clinical features of UV can exacerbate with some situations like emotional stress, 
anxiety, exercise, and excessive alcohol consumption [12]. Additionally, heat and spicy 
foods can increase the pruritus and/or urticarial lesions [30]. UV lesions can develop under 
pressure of tight and narrow clothing [30]. Smokers can develop more severe respiratory 
involvement and progression to COPD in HUV patients [31]. UV can sometimes develop in 
striae distensae and can present a diagnostic challenge in pregnancy [13]. UV can sometimes 
be a presenting sign of SLE or present with a clinical picture similar to SLE [12, 28]. Some 
patients have autoimmune idiopathic HUV with a lupus-like clinical picture, hence termed 
HUVS [2, 27]. HUVS patients usually have accompanying systemic involvement involving 
more than one organ system [26]. These patients presenting clinically as HUVS are mostly 
young women and many aspects of the clinical picture are similar to SLE [12, 28]. Schnitzler 
syndrome is another clinical condition related to UV [32]. It is defined as the presence of UV 
in association with mostly IgM monoclonal gammopathy and increased markers of systemic 
inflammation [32].

Occurrence Systemic features

Common Musculoskeletal: arthralgia, arthritis

Less common Respiratory: cough, dyspnea, hemoptysis, COPD, asthma, pleural effusion
Renal disease: hematuria, proteinuria, glomerulonephritis
Gastrointestinal: substernal pain, abdominal pain, nausea, vomiting, diarrhea

Rare Cardiac: pericarditis, pericardial effusion, cardiac tamponade
Ophthalmologic: conjunctivitis, episcleritis, uveitis, geographic serpiginous 
choroidopathy, visual loss
Other: fever, splenomegaly, lymphadenopathy, cold sensitivity, reversible tracheal 
stenosis

Very rare CNS: pseudotumor cerebri, cranial nerve palsies, aseptic meningitis
Miscellaneous: transvers myelitis, cardiac valve disease, optic atrophy, Jaccaud’s 
syndrome [chronic postrheumatic fever arthropathy], peripheral neuropathy, 
pleuritis

Table 2. Clinical features of systemic involvement in UV.
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Patients can present with general constitutional symptoms, like fever, arthralgias, mal-
aise, and fatigue [12]. Most UV patients have musculoskeletal involvement presenting as 
arthralgia or arthritis [12, 26, 28]. Jaccoud’s syndrome or arthropathy was defined as joint 
deformities similar to that of rheumatoid arthritis [12]. It consists of ulnar deviation of the 
fingers, swan neck deformities and subluxations in the hands [12]. This hand deformity is 
most commonly associated with SLE and rarely with HUV [12]. Ophthalmologic involve-
ment is rare (10% of UV patients) and can present as conjunctivitis, episcleritis, uveitis, or 
geographic serpiginous choroidopathy leading to visual loss [12]. Eye involvement in the 
form of episcleritis and uveitis can develop mostly in HUV patients (21%) [28]. Pulmonary 
involvement may present clinically as cough, dyspnea, hemoptysis, COPD, asthma, pleu-
ritic, emphysema, or pleural effusion [12]. HUVS patients presenting with COPD are usually 
young smokers, and the observed COPD is more severe than that seen in heavy smoker 
patients without HUVS [12]. Emphysema can develop in UV patients as a result of leuko-
cytoclastic vasculitis of pulmonary vessels. Lung involvement may present clinically late in 
the disease process but is a leading cause of morbidity and mortality [12]. Renal disease can 
occur in 5–10% of patients with HUVS and is discovered by finding proteinuria and micro-
scopic hematuria [12]. Renal involvement can present as glomerulonephritis in 20–30% of 
HUV cases [12]. Gastrointestinal involvement can present clinically as nausea, vomiting, 
substernal pain, abdominal pain, diarrhea, or general feeling of gastrointestinal distress [12]. 
Cardiac involvement can develop rarely [12]. Recurrent pericarditis, pericardial effusion, 
cardiac tamponade, and cardiac valvular disease have been reported [12]. Several HUVS 
patients with Jaccoud’s arthropathy were reported to develop valvular heart disease requir-
ing valvular replacement [12, 24, 33, 34]. Central and peripheral nervous systems can rarely 
be affected [12].

2.4. Diagnosis

Consensus meeting in 1996 stated that long lasting (at least 24 hour–5 days) indurated wheals, 
which may be itchy, painful, or tender, be associated with purpura and presence of associated 
extracutaneous findings, and cutaneous vasculitis confirmed by histopathological examina-
tion are defined as UV [35]. UV should be suspected in any patient with urticarial lesions last-
ing more than 24 hours. The prevalence of UV among all patients that present with urticarial 
lesions is 11% and among patients with chronic urticaria it is 15–20% [23, 36, 37]. To ascertain 
the exact duration of urticarial lesions, a particular lesion could be encircled with a marking 
pen and the patient is re-examined 24 hour later to confirm the persistence of urticarial lesions 
[23]. Diascopy and dermatoscopy can help to suspect UV [23, 38]. The lesions of UV may be 
non- or partially-blanchable on diascopic examination [23, 38]. It was termed as “disappear-
ing halo test” in which upon diascopy clinically invisible purpura becomes evident as dark 
red or slightly brown macule in the center of a blanched UV lesion [38]. UV can disclose 
purpuric dots or globules in a patchy orange-brown background dermatoscopically corre-
sponding to extravasation and degradation of red blood cells due to leukocytoclastic vascu-
litis [39–41]. These purpuric dots are reddish initially and later they become more purplish 
[40]. Conversely, urticarial lesions disclose prominent and sometimes reticular red lines cor-
responding to ectatic and horizontal subpapillary vessels [39–41]. Definitive diagnosis of UV 
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Cardiac involvement can develop rarely [12]. Recurrent pericarditis, pericardial effusion, 
cardiac tamponade, and cardiac valvular disease have been reported [12]. Several HUVS 
patients with Jaccoud’s arthropathy were reported to develop valvular heart disease requir-
ing valvular replacement [12, 24, 33, 34]. Central and peripheral nervous systems can rarely 
be affected [12].

2.4. Diagnosis

Consensus meeting in 1996 stated that long lasting (at least 24 hour–5 days) indurated wheals, 
which may be itchy, painful, or tender, be associated with purpura and presence of associated 
extracutaneous findings, and cutaneous vasculitis confirmed by histopathological examina-
tion are defined as UV [35]. UV should be suspected in any patient with urticarial lesions last-
ing more than 24 hours. The prevalence of UV among all patients that present with urticarial 
lesions is 11% and among patients with chronic urticaria it is 15–20% [23, 36, 37]. To ascertain 
the exact duration of urticarial lesions, a particular lesion could be encircled with a marking 
pen and the patient is re-examined 24 hour later to confirm the persistence of urticarial lesions 
[23]. Diascopy and dermatoscopy can help to suspect UV [23, 38]. The lesions of UV may be 
non- or partially-blanchable on diascopic examination [23, 38]. It was termed as “disappear-
ing halo test” in which upon diascopy clinically invisible purpura becomes evident as dark 
red or slightly brown macule in the center of a blanched UV lesion [38]. UV can disclose 
purpuric dots or globules in a patchy orange-brown background dermatoscopically corre-
sponding to extravasation and degradation of red blood cells due to leukocytoclastic vascu-
litis [39–41]. These purpuric dots are reddish initially and later they become more purplish 
[40]. Conversely, urticarial lesions disclose prominent and sometimes reticular red lines cor-
responding to ectatic and horizontal subpapillary vessels [39–41]. Definitive diagnosis of UV 
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requires a lesion biopsy demonstrating typical histopathological features in addition to the 
previously described clinical characteristics in a patient presenting with urticarial lesions [4]. 
Two lesion biopsies, one for routine histopathology and one for direct immunofluorescence, 
should be obtained [2]. Biopsies should be taken from the early lesions, which are maximum 
24–48 hours old [42]. Multiple biopsies may be required to establish a biopsy [42]. In the case, 
an UV diagnosis is made, the physician should additionally search for the presence of any 
underlying infectious etiology [43, 44]. The major finding to be searched for is the presence or 
absence of hypocomplementemia [2]. It was previously reported that 53–82% of UV patients 
have normal complement levels and hence NUV, 18–47% of UV patients have decreased 
complement levels and hence HUV [28, 45]. Approximately, 65% of HUV and 45% of NUV 
patients have systemic involvement [23]. Hypocomplementemic patients are rare (10–20% 
of all UV patients) and more likely to have systemic involvement and hence they should 
be appropriately investigated [23, 28, 42, 46]. Optimal classification of UV patients should 
be done by multiple (two to three) measurements of C1q, C3, C4, and CH50 during clini-
cal observation of several months duration [2]. Measurements should be done during active 
and quiescent periods [2]. Rare patients with HUVS may have cardiac valvular incompetence 
with/without Jaccoud’s arthropathy [24, 33, 35, 47]. In 1973, criteria to diagnose HUVS have 
been proposed [48]. A patient is diagnosed to have HUVS if he/she has two major and at least 
two minor criteria (Table 3) [48].

2.5. Laboratory examinations

A patient diagnosed to have UV should be appropriately tested [2]. Complete blood count, 
ESR, renal and liver functions, urinalysis, ANA, complements, should be examined in all cases 
with appropriate clinical findings of UV [2]. A scheme would be helpful for planning the labo-
ratory examinations in all patients with clinical UV presentation and specialized tests should 
be performed in some patients who have clinical clues of systemic involvement [30]. Once 

• Two major criteria

• Chronic urticarial eruption

• Low levels of complements

• At least two minor criteria

• Leukocytoclastic vasculitis

• Arthralgia/arthritis

• Ocular involvement [episcleritis or uveitis]

• Renal involvement [glomerulonephritis]

• Recurrent abdominal pain

• Presence of anti-C1q antibody

Table 3. Proposed criteria for diagnosing HUVS.
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basic diagnostic evaluation has been performed, additional laboratory examinations should 
not be so extensive and should be directed with regard to clues in the history and physical 
examination [30]. Hematologic examinations can reveal anemia and leukocytosis in nearly 
half of the patients [49]. Patients with positive anti-C1q antibodies have been detected to have 
more frequent HUVS, angioedema, livedo reticularis, musculoskeletal, ocular and kidney 
involvement, and less frequent gastrointestinal and pulmonary involvement than patients 
without anti-C1q antibodies [46]. These anti-C1q autoantibodies may sometimes be detected 
in patients having SLE, Good-pasture syndrome or idiopathic membranoproliferative glo-
merulonephritis without showing signs of urticarial vasculitis [4, 50, 51]. A case having circu-
lating immune complexes and a positive autologous serum skin test was also reported [52]. 
There are numerous reported cases who were associated with gammopaties and so patients 
should be appropriately evaluated [53–56]. Soluble serum vascular endothelial-cadherin is 
detected in systemic vasculitis cases in the acute period, and this can be used as a marker for 
endothelial cell damage and inflammatory response, but this is nonspecific for UV [57].

2.6. Histopathology

A lesional biopsy demonstrating the features of UV is the gold standard for diagnosis [4]. 
The key histopathologic feature is leukocytoclastic vasculitis affecting dermal capillaries and 
postcapillary venules (Figure 3) [2, 4]. Inflammation is located within the vessel walls and 
perivascularly [4]. Cellular infiltrate is primarily composed of neutrophils, rarely eosinophils, 
and lymphocytes may take place (Figure 4) [4]. Lymphocytes predominate in lesions older 

Figure 3. Superficial perivascular infiltration and leukocytoclastic vasculitis [Hemotoxylin & Eosin, original magnifi-
cation ×100] [Courtesy, Onat Akin, MD].
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than 48 hours [23]. In a study, 86% of specimens showed lymphocytic vasculitis, probably 
due to the age of the lesion biopsied [58]. If these histopathological changes described for UV 
involve the capillaries and postcapillary venules of the deep dermal layers, subcutaneous 
tissue, and submucosal connective tissue layers then it is termed as angioedema [2]. Direct 
immunofluorescence examination shows deposition of immunoglobulins, complement, and/
or fibrinogen within and around vessel walls in 58–79% of cases [1, 4, 30, 46]. Basement mem-
brane positive immunofluorescence examination is more frequent in HUV (70–96%) patients 
than in NUV (1–18%) patients [1]. However, the presence of basement membrane staining in 
a hypocomplementemic patient may suggest the diagnosis of SLE [30].

2.7. Differential diagnosis

The main differential diagnosis of UV is common urticaria [42]. The lesions in urticaria typically 
resolves in minutes to hours, migrates continually, and leaves no residual pigmentation after 
resolving in contrast to UV [42]. The main symptom in urticaria is the presence of intense pru-
ritus, UV lesions may present with a more burning sensation [2]. Indurated urticarial lesions 
of UV are indistinguishable especially from that of chronic spontaneous urticaria [4]. Urticaria 
lesions may be huge and are usually larger than those of UV [2]. Chronic urticarial lesions are 
clinically more indurated than that of acute urticaria [4]. Eleven percent of all patients present-
ing with urticarial lesions are found to have UV [23]. In cases of chronic and antihistamine 
unresponsive chronic urticaria, when biopsies of lesions were performed, 15–20% of patients 
were found to have histopathological features of UV and hence diagnosed as UV [36, 37]. So 
performing a biopsy is necessary to differentiate exactly these two conditions. When patients 

Figure 4. Small vessel vasculitis with neutrophilic infiltration and leukocytoclasia [Hemotoxylin & Eosin, original magnifi-
cation ×400] [Courtesy, Onat Akin, MD].
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with acute urticaria are biopsied, histopathology shows sparse cellular infiltrate and moderate 
to intense dermal edema [4]. Lesions of UV are usually smaller than ordinary urticaria and 
never present with annular lesions [38]. Additionally ordinary urticarial lesions are more pink-
ish than darker reddish lesions of UV [38]. In addition, UV lesions tend to be located more on 
dependent areas of the body [38]. Serum-sickness is a type-III hypersensitivity reaction that 
develops for example against horse-serum diphtheria antitoxin and can present with urticarial 
lesions [59]. Serum-sickness like reaction is a similar clinical entity triggered by drugs or infec-
tions [59]. Urticaria multiforme presents with annular lesions and acral edema or angioedema, 
mostly triggered by viral infections [59]. Both are self-limited and have favorable long-term 
prognoses [59]. Acute infantile hemorrhagic edema is another self-limited disorder that should 
be remembered in differential diagnosis of hemorrhagic urticarial lesions in pediatric cases 
[59]. Henoch-Schönlein purpura can present with urticarial lesions and should be searched 
for especially in pediatric cases with renal and/or gastrointestinal and/or arthritic involvement 
[59]. Urticarial arthritis is a condition observed in HLA-B51 positive patients, presenting with 
arthritis, urticaria (lasting less than 24 hours), and facial angioedema [49]. Some of the patients 
may show a biopsy with leukocytoclastic vasculitis some only leukocytic infiltration with-
out vasculitis [49]. Acquired angioedema should be differentiated from HUV associated with 
angioedema and both disorders have decreased complement levels. Pruritic urticarial papules 
and plaques of pregnancy is the main differential diagnosis when UV develops in the preg-
nancy, especially in the striae distensae [60]. Likewise erythema multiforme, bullous pemphi-
goid, sweet’s syndrome, and urticarial pigmentosa can be added to the differential diagnoses 
of UV [27].

Auto-inflammatory diseases are a group of rare hereditary monogenic disorders of innate immu-
nity with presenting symptoms of fever and inflammatory, sometimes urticarial, skin lesions [3, 
61, 62]. Auto-inflammatory diseases usually cause a familial life-long disease that starts in child-
hood in hereditary fever syndromes [62]. Auto-inflammatory syndromes cause flatter wheals 
and erythematous patches without surrounding flare and they last hours and even up to 24 
hours and are accompanied by burning sensation rather than itching and they may be pain-
ful [62]. Lesions do not give any response to antihistamines and are associated with systemic 
symptoms of fever, fatigue, and arthralgia [62]. Very recently, vasculitis has been described his-
topathologically in three cases of auto-inflammatory diseases [61]. Hence, the clinician should 
take into account the rare possibility of auto-inflammatory associated vasculitis presenting with 
urticarial lesions and fever in the differential diagnosis of UV [61]. Some autoimmune disorders 
like SLE, Sjögren syndrome, dermatomyositis, or rheumatoid arthritis may present clinically 
with urticarial lesions [3]. Histopathological findings of UV are not specific in general and simi-
lar histopathological findings can be seen in SLE [42]. It is still unclear that HUVS is a similar 
disease to or a subtype of SLE [12, 28, 48, 63]. Both diseases share similar clinical findings and 
can present together [12, 28, 48, 63]. So when a patient is diagnosed as HUVS, he/she should 
also be evaluated for SLE [48]. Other systemic vasculitides may present clinically with urticarial 
lesions [3]. Rarely polyarteritis nodosa and Churg-Strauss syndrome may present clinically with 
urticarial lesions [3]. Some hematologic malignancies (lymphoma or gammopathies) and hema-
tologic disorders (polycythemia vera and thrombocythemia) can also present clinically with urti-
carial lesions [3, 16, 17]. Other rare syndromes like PAPA, Blau, or Majeed syndromes can also 
present clinically with urticarial lesions [3].
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2.8. Treatment

In any given patient with UV, if an underlying condition is present, it must be treated initially 
[2, 42]. Different degrees of clinical severity of the disease preclude proposal of any standard 
form of therapy [30]. Therefore, there is no universal therapy and variation in individual 
response to any form of therapy that exist [30]. In general, the more severe the systemic 
involvement (as in HUVS) is, the more challenging it becomes to treat the disease [42]. The 
most difficult patient to treat is the one who develops COPD or has established COPD in the 
setting of HUVS [2]. COPD in HUVS develops more frequently and most severely in patients 
who smoke, so patients should give up smoking and also avoid inhaling second-hand smoke 
[31]. One case has been reported to go into remission with an elimination diet [64]. This case 
may show the possibility of pseudoallergens’ role in the etiopathogenesis of UV and similar 
to chronic urticaria treatment a pseudoallergen-free diet can be tried in selected cases. 
Antihistamines are helpful for the symptomatic control of pruritus in all patients and may be 
sufficient for the therapy of mild cutaneous UV without systemic involvement [4, 30]. 
However, antihistamines do not affect immune-complex-mediated inflammation and hence 
do not alter the course of the disease [4]. Cinnarizine, an antihistaminic used for Meniere’s 
disease and car sickness, was found to be effective in UV patients [36]. A brief course of sys-
temic corticosteroids may be useful to control intermittent exacerbations of UV, with both 
cutaneous and systemic involvement [4]. However, a dose of systemic corticosteroids up to 40 
mg/day of prednisolone may be needed [30]. Long-term use is limited by the well-known side 
effects of corticosteroids and they should only be used in cases who are intolerant to or unre-
sponsive to other alternative drugs [30]. A variety of alternatives to corticosteroids are used in 
the treatment of milder forms of UV [4]. These alternatives include indomethacin, colchicine, 
and dapsone that are commonly used in the clinical practice [4]. NSAIDs like indomethacin 
may help approximately half of patients with minimal disease [42]. Indomethacin use is usu-
ally discontinued or restricted by its gastrointestinal adverse effect potential, like upset stom-
ach [4, 42]. In some unfortunate patients, NSAIDs can even cause UV or exacerbation of the 
existing UV [30]. Dapsone is a sulfone and shows more effectiveness than other alternatives in 
the treatment of UV [4]. Dapsone may work synergistically with pentoxifylline [4]. The mech-
anism of action of dapsone is poorly understood in the treatment of UV [4]. Before commenc-
ing on dapsone treatment, serum levels of glucose-6-phosphate dehydrogenase enzyme 
should be measured as deficiency of it results in severe hemolysis with dapsone usage [4]. 
Headache, nonhemolytic mild anemia and most importantly agranulocytosis may develop 
less frequently [4]. Hence, monitorization of complete blood count should be performed peri-
odically in patients who use dapsone [4]. Patients having UV in the clinical setting of SLE or 
lupus-like disorder may have a more favorable response to treatment with dapsone [4]. 
Antimalarials like hydroxychloroquine have been reported to be effective in approximately 
50% of patients with only cutaneous involvement [4, 30, 52]. Colchicine is an alkaloid that 
inhibits neutrophil chemotaxis, generation of lysosomes and stabilizes lysosomal membranes 
[4, 65]. It has clinical efficacy in selected cases of UV [65]. Reserpine is an alkaloid extracted 
from the roots of the plant Rauwolfia serpentine [66]. Reserpine was once used for the treat-
ment of psychosis and hypertension [66]. It can be added to the antihistamines /corticoste-
roids in a dose of 0.3–0.4 mg thrice daily and reported to be helpful in majority of patients 
with UV [25, 66, 67]. If these alternative drugs do not get enough benefit or intermittent 
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 systemic corticosteroids do not control symptoms adequately then chronic systemic cortico-
steroid usage can be considered in milder forms of disease [4]. Higher dosage systemic corti-
costeroid treatment is necessary in the presence of hypocomplementemia or systemic 
involvement [4]. Systemic prednisone or equivalent is usually given at 1 mg/kg dose till clini-
cal remission, later the dose could be slowly tapered [4]. Systemic corticosteroids could be 
tapered and discontinued without relapse in some patients [4]. However, many patients do 
experience disease relapse and need chronic corticosteroid treatment [4]. In the case of inad-
equate systemic corticosteroid response or when unacceptable corticosteroid adverse effects 
do occur than second line treatment choices should be considered, like azathioprine or cyclo-
phosphamide [4]. In the resistant patients, systemic corticosteroids can even be effectively 
combined with dapsone, azathioprine, and cyclophosphamide [30]. In the chronic and resis-
tant subset of patients, corticosteroid-sparing immunosuppressive agents such as azathio-
prine, cyclophosphamide, cyclosporine A, or mycophenolate mofetil have been shown to be 
effective [4]. Azathioprine has been shown to be a useful adjunct to corticosteroids for stabili-
zation of renal and pulmonary function [4, 68]. Methotrexate has usually inconsistent and 
disappointing results in the treatment of UV [4, 24, 33, 69]. Methotrexate is typically effective 
in inflammatory myositis associated with HUVS [70]. Favorable clinical responses have been 
achieved with cyclophosphamide in corticosteroid-resistant UV cases [4, 71]. Cyclosporine A 
has provided favorable clinical efficacy in the treatment of HUVS, including cases that are 
resistant to cyclophosphamide [4]. Cyclosporine A has been shown to improve respiratory 
involvement in HUVS patients with improvements in the forced expiratory volume in one 
second (FEV1), the diffusing capacity of the lung for carbon monoxide (DLCO) and regression 
of leukocytosis in bronchoalveolar lavage (BAL) [2]. Cyclosporine A has also been shown to 
be effective in renal involvement associated with HUVS [72]. Mycophenolate mofetil has also 
been shown to be efficacious in the treatment and maintenance of patients with HUV/HUVS 
[24, 73, 74]. Gold injections were tried and found to be effective in UV as in rheumatoid arthri-
tis, but it is now a historical approach [75]. Plasmapheresis can provide rapid but temporary 
benefit in recalcitrant cases of UV [4, 76]. Plasma exchange has been shown to control symp-
toms rapidly during treatment but lesions recurred later in some patients [30, 76, 77]. High 
dose intravenous immunoglobulin (IVIG) also has been tried and shown to be effective in 
some recalcitrant HUVS cases [20, 78]. However, there are cases with inefficient response to 
IVIG [67, 79]. Rituximab can be used in refractory and/or relapsing or severe cases with pro-
longed duration of efficacy [46, 56, 80]. Anti-IL-1 blockage (anakinra, canakinumab) has 
shown promising results in the treatment of UV [81, 82]. However, these patients may have 
UV associated with auto-inflammatory diseases. A therapy-resistant SLE patient with UV 
lesions showed good response to IL-6 antagonist tocilizumab [83]. Omalizumab was used in 
a small number of NUV patients with success but some displayed a quick relapse following 
discontinuance [84, 85]. First line treatments used were determined to be mostly corticoste-
roids, hydroxychloroquine, and colchicine in decreasing order in a large retrospective study 
that involved only HUV patients [46]. Second and third line treatments given in this study 
were corticosteroids, hydroxychloroquine, and immunosuppressive agents in decreasing 
order [46]. In patients having hepatitis C infection, cryoglobulinemia and resultant UV, effec-
tive antiviral therapy (interferon-alpha and ribavirin) should be instituted [2]. Effective anti-
viral therapy has been shown to control HCV infection and cure UV in nearly half of these 
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patients [2, 86, 87]. However, if the antiviral treatment is stopped the UV lesions do recur [87]. 
Angioedema may develop at any time in the course of UV [31]. If angioedema develops and 
involves larynx, the initial treatment may be epinephrine [31].

2.9. Course and prognosis

UV is a complicated disease and it has an unpredictable course [12]. An individual can have 
lesions for weeks to many years continuously or intermittently [12, 30]. The average duration 
of the disease was found to be 3 years and disease could last up to 23 years [30, 42]. Response 
of patients with UV to any given treatment is variable [4]. The course of the idiopathic NUV 
is favorable overall and patients usually do not develop any other diseases or mortality in the 
follow up [12, 30]. The course of HUV and HUVS may be less favorable [12, 30]. Patients with 
HUV may need an additional add-on therapeutic after about a median of 8 months duration 
[46]. Musculoskeletal, ocular, and renal disease usually responds to systemic treatment without 
any long-term severe consequences [14]. After adequate therapy serum complements increase 
to or near to normal values and anti-C1q antibody titers decrease [14]. However, serum C1q 
levels remained below normal values even in the presence of complete remission [14]. UV pres-
ents clinically in a spectrum of disease severity from NUV to HUV to HUVS [42, 46]. However, 
there is no finding to support the presence of any transition from one to another in follow up 
of these patients [42]. The main causes of morbidity and mortality are pulmonary manifesta-
tions like COPD, cardiac manifestations and laryngeal edema in patients with HUVS [14, 30, 
31]. Precocious emphysema and COPD develop in patients with HUVS and especially in those 
patients who are moderate to heavy smokers [14, 88]. Onset of dyspnea heralds a poor out-
come in HUVS patients with pulmonary involvement [14]. Treatment usually did not appear 
to alter the progression of COPD [14]. Of these HUVS patients with chronic or recurrent dys-
pnea, 55% die of respiratory failure [14]. In this subset of patients bronchogenic carcinoma can 
also be seen and adds to the overall morbidity and mortality risk [46, 88]. Cardiac involvement 
with pericarditis or valvulitis and significant valvular damage may develop in rare cases with 
HUVS and may be progressive and fatal [24, 33, 34, 46]. As cardiac involvement may cause 
significant morbidity and mortality and as its frequency is unknown, all patients should be 
evaluated [89]. Angioedema develops in 51% of cases with HUVS and may be life-threatening 
if it involves larynx [31, 46]. Pediatric and young adult patients (onset of disease before age of 
30) may experience more renal involvement and show severe pulmonary complications and 
may have graver prognosis [89]. There may be significant morbidity resulting from involve-
ment of other organ systems. Rarely vasculitis can affect optic nerve and retina and hence can 
threaten vision [90]. All UV patients need to be evaluated ophthalmologically as 15–20% of all 
UV cases may have ocular involvement in the disease course [90]. A patient with Muckle-Wells 
disease with associated UV developed sudden bilateral sensorineural hearing loss and had 
modest outcome following cochlear implantation [91]. Gastrointestinal involvement can lead 
to ischemic ulceration in the bowel [30]. Renal involvement can lead to renal insufficiency, this 
is especially common in pediatric cases and should be promptly treated [30, 89].

There are other rare associated cutaneous findings in UV patients reported in the literature. 
A case with rapidly progressing acquired cutis laxa following involvement of the skin areas 
with lesions of NUV was reported [92]. A reported pregnant woman developed acquired 
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reactive perforating collagenosis at the sites of resolved UV lesions 3 weeks following the 
onset and treatment of UV [19]. A reported UV case developed acquired hemophilia follow-
ing 4.5 years of follow up [93]. Another reported NUV case first presented with acquired 
hemophilia and developed NUV and angioedema in the following 5 months [94]. Rarely 
inflammatory myositis can develop in HUVS cases despite ongoing immunosuppressive 
therapy [70]. Complement deficiency may lead to increased susceptibility to the infections 
with encapsulated bacteria, especially meningococcus [95]. As a result, a case of meningo-
coccal meningitis that developed in a patient with HUVS was reported [95]. The course of 
the UV may accompany the course of underlying disease. A paraneoplastic NUV case was 
reported to clear with chemotherapy for underlying chronic lymphocytic leukemia and dis-
ease recurred with the recurrence of underlying hematologic malignancy [21]. Three women 
with UV were evaluated in a study including 29 systemic vasculitis patients with 51 preg-
nancies to search for the outcome of pregnancy in systemic vasculitis [96]. The authors have 
found that the patients with a diagnosis of systemic vasculitis may have exacerbation of the 
vasculitic disease during pregnancy or following delivery, may have more pregnancy related 
morbidity like preeclampsia and may have a lower median gestational age [96].
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Abstract

Chronic spontaneous urticaria (CSU) is a disease that makes people’s lives miserable 
with unknown etiology. In recent years, there have been many studies trying to explain 
the etiology of CSU, and many of them reported that there are some comorbidities or trig-
gering factors related to CSU. However, it has not been clearly known yet that whether 
these conditions are true comorbidities associated with CSU or they are coincidentally 
found at the same time. In this chapter, related comorbidities and conditions have been 
told.

Keywords: chronic spontaneous urticaria, autoimmunity, infectious diseases, 
psychological comorbidities, coagulation factors, metabolic syndrome

1. Introduction

Chronic spontaneous urticaria (CSU) is a common mast cell-driven skin disorder characterized by 
the occurrence of recurrent and spontaneously daily or frequent wheals with or without angio-
edema, for more than 6 weeks with symptoms present at least three times weekly [1, 2]. CSU affects 
0.1–5% of the population, especially during the third and fourth decades and predominantly women 
[3]. There are many studies that some disorders or conditions may be related to CSU.

2. Comorbidities and possible triggering factors

There are studies showing that CSU affects not only the skin but also the life quality and psy-
chology of the person. At the same time, there has been a relation between CSU and other 
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diseases which can be based on similar pathogenesis such as autoimmune thyroiditis. After 
these data researches have mainly focused on the relationship between comorbidities and CSU.

The possible mechanisms and triggering factors underlying CSU have been identified as 
acute or chronic infections, stress, nonallergic hypersensitivity reactions to foods and drugs 
(pseudoallergic), and autoreactivity including autoimmunity mediated by functional autoan-
tibodies directed against the IgE receptor [4]. Stress is a major triggering and risk factor along 
CSU patients [5]. Furthermore, several studies revealed that stress can trigger or aggravate 
some skin diseases by the alternation of the functions of T cells and local neuroimmunoendo-
crine circuitry [6]. Most of the patients with CSU experience a stressor event within 6 months 
before the onset of the symptoms [7].

CSU patients have a higher level of stressful life events, perceived stress, and psychiatric 
comorbidity [7]. And many studies have shown that CSU patients more frequently have psy-
chiatric comorbidities [7–11]. The most common psychiatric situations in these patients are 
depression, somatoform, and anxiety disorders [11, 12]. Both these disorders and CSU symp-
toms could affect the quality of life (QoL) of the patients. Also, it was shown that CSU patients 
had lower social relationship scores compared to healthy controls [8, 11]. CSU patients report-
edly suffer more sleep disturbance, fatigue, emotional upset, and physical and mental restric-
tions at home and work [8]. Furthermore, in a study which compared patients with CSU to 
patients with psoriasis, physical impairment and effects of the disorder on QoL were found 
higher in patients with CSU than patients with psoriasis [13]. In a study QoL impairment in 
CSU patients was found higher than in patients with vitiligo [14]. Interestingly, Staubach et al. 
reported no significant relation between impact of QoL and age-sex, concurrent angioedema, 
and duration of CSU condition of the patients [8]. They also reported that the severity of 
the concomitant depression-anxiety or somatoform disorders in patients with CSU is impor-
tant, because these patients, with concomitant severe psychiatric conditions, had significant 
impairment of QoL than patients with CSU who did not exhibit psychiatric comorbidity. 
Moreover, these psychiatric problems could be the primary factors in these patients or might 
arise as psychosocial consequences of underlying dermatological disorders [8]. As a result, an 
interdisciplinary approach that combines dermatological and psychiatric treatments is neces-
sary for the management of CSU.

In recent years, associations between CSU and autoimmunity have been increasingly rec-
ognized in many studies [15–19]. Approximately 30–50% of patients with chronic urticaria 
produce specific IgG antibodies against the alpha subunit of the mast cell IgE receptor, and 
approximately 5–10% produce IgG antibodies against IgE itself [15]. Autoimmune mecha-
nisms have been proposed as responsible for the development of some of the cases. Especially, 
intradermal autologous serum injections were applied, and urticarial responses were seen in 
60% of patients with CSU [16].

Also, subsequent studies revealed that anti-IgG and anti-IgE autoantibodies, anti-FcεRI tar-
geted at basophils, and mast cells were found in 45–55% of patients with CSU. These auto-
antibodies bind to mast cell-bound IgE molecules or surface IgE receptors to stimulate and 
eventually degranulate the cells and cause the urticarial symptoms [17–19]. It was suggested 
that some CSU patients have an autoimmune mechanism induced by these autoantibodies [20].
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Thyroid diseases, especially Hashimoto’s disease in which production of thyroid autoanti-
bodies (antithyroid peroxidase antibodies and antithyroglobulin antibodies) and lympho-
cytic infiltration into the thyroid gland are seen, are the most common autoimmune diseases 
accompanying patients with CSU [19–21]. The etiology of thyroid autoimmunity is not 
known, but the genetic susceptibility and environmental factors are thought to initiate the 
process [22]. Leznoff and Sussman reported that 15% of the CSU patients had thyroid auto-
antibodies and there has been a relation between CSU and thyroid autoimmunity. The rate 
of high antithyroid antibodies in the patients with CSU ranges from 6.5% up to 57% in the 
other reports [23, 24]. The mechanism of these associations is not known. Confino-Cohen 
et al. hypothesized that the relationship between thyroid diseases and CSU might be based 
on shared susceptibility to autoimmune or chronic inflammatory processes [21]. Moreover, 
many small patient series and case reports reported that patients with CSU and thyroid auto-
immunity benefit from levothyroxine sodium or antithyroid drug treatment. In these studies, 
clinical remission of chronic urticaria was seen, whereas no change has been demonstrated in 
thyroid antibody levels [25–27].

Although autoimmune thyroid disorders have been investigated in CSU, its relation with 
other autoimmune diseases has been investigated less [20]. But there is a fact that if there is an 
autoimmune disease in a patient, the second or third autoimmune disease more often appears 
even if the patient is under immunosuppressive treatment [21]. And rheumatoid arthritis (RA) 
was found as the second most common autoimmune disease in patients with CSU. Confino et 
al. reported that RA was found 13 times more in patients with CSU than healthy controls [21]. 
Rheumatoid factor was found significantly more often in patients with CSU [28].

In a small series of patients or case reports, celiac disease was reported higher in patients with 
CSU [29]. Several case reports revealed a 1.5–7-fold increased risk of urticaria in patients with 
celiac disease [30–32]. Also, systemic lupus erythematosus (SLE) and type I diabetes mellitus 
were each found significantly more prevalent in female patients with CSU [21, 33, 34].

Patients with CSU were found to have a significantly 15 times higher risk of developing SLE as 
compared to the control group. Furthermore, SLE was found to be 25 times higher in women 
than in men with CSU or women of the control group [21].

The high prevalence of these autoimmune diseases in patients with CSU makes it thinkable 
that somehow CSU can be also a member of autoimmunity. But the underlying mechanism 
of autoimmunity related to urticaria has not been known yet, but as mentioned before, sus-
ceptibility to autoimmune and/or chronic inflammatory processes might be the reason [21].

In the last few years, many researches published about the activation of the coagulation 
system in patients with CSU. A study revealed that the levels of plasma prothrombin frag-
ment (PF)1+2, a marker of thrombin generation, were significantly increased in patients with 
CSU. They also reported that patients with CSU have more positive autologous plasma skin 
test result than a positive autologous serum skin test result. This study showed that there 
should be possible role of clotting factors in flaring symptoms induced by autologous plasma, 
because autoantibodies are equally present in serum and plasma [35]. Also, a statistically sig-
nificant relationship between elevated plasma levels of PF1+2 and D-dimer and the severity 
of CSU was reported in some studies [36, 37].
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CSU is characterized by the activation of the coagulation cascade [38, 39]. And it is probable 
that both intrinsic and extrinsic pathways are affected in CSU patients [40]. The coagulation 
system factors that most likely involved in the pathogenesis of CSU are tissue factor, throm-
bin, D-dimer, PF1+2, and activated factor VII [41, 42].

Thrombin activation, which is derived from platelets, directed investigations toward the eval-
uation of mean platelet volume (MPV) and CSU correlation. MPV is a potential marker of 
platelet reactivity because larger platelets are metabolically and enzymatically more active. 
It was shown that platelets secrete a large number of mediators of thrombosis, coagulation, 
inflammation, and atherosclerosis [43]. And MPV values were found significantly more in 
patients with CSU than the control group [21, 44]. A suggested possible way in the pathogen-
esis of CSU is that large activated platelets might activate the coagulation cascade. The activa-
tion of the coagulation pathways elicits increase in number of protease-activated receptor-1 
on mast cells, mediator degranulation from mast cells and, increase in vascular permeability 
[45–47]. In many studies, this activated coagulation cascade was found associated with more 
severe disease [40, 41, 47]. Also, some studies showed that coagulation factors decreased to 
normal limits after disease remission or during treatment [35, 36, 40]. In contrast to this view, 
some authors suggest that the activation of the coagulation cascade seems a potential inten-
sifying mechanism in the pathogenesis of CSU but is quite likely not the main trigger of the 
disease [47].

Chronic persistent infections,( e.g., Helicobacter pylori (Hp), streptococci, staphylococci, yer-
sinia, Giardia lamblia, Mycoplasma pneumoniae, Hepatitis viruses, Norovirus, Parvovirus B19, 
Anisakis simplex, Entamoeba spp., and Blastocystis spp.) have been suspected to be triggering 
factors in patients with CSU [3]. Especially, Hp infection was popularly investigated in the 
pathogenesis of CSU [48, 49]. It is thought that Hp infections could be a triggering factor in 
underlying autoimmune pathology of CSU [50], and there are studies showing that Hp infec-
tion is related to production of autoreactive IgM and IgG3 antibodies [51]. Another suggestion 
is that Hp-associated lipoprotein 20 (lpp20) could act as an antigen that is involved in molecu-
lar mimicry to mast cells, T cells, and B cells as well [51–53]. Also in some studies, eradication 
of Hp infection resulted in remission of CSU symptoms [54, 55].

CSU is histopathologically characterized by infiltrating perivascularT cells, eosinophils, and 
neutrophils, and neutrophils, and several studies reported that circulating levels of C-reactive 
protein (CRP), pro-inflammatory cytokines such as interleukin (IL)-6 and TNF-α, and matrix 
metalloproteinase 9 (MMP-9) have been found increasing in patients with CSU. Also, these 
markers are thought to appear to correlate with clinical activity score and severity of urticaria 
[56–58]. Metabolic syndrome (MetS) involves dyslipidemia, central obesity, glucose intoler-
ance, and high blood pressure [59]. Furthermore it has been reported that patients suffering 
from MetS had higher serum levels of inflammatory markers such as IL-1, IL-6, TNF, and CRP 
than healthy controls [60].

In a study, the prevalence of MetS was reported higher among the patients with CSU. Thus, 
systemic inflammation promoted by MetS may play a role in CSU pathogenesis as well. 
Furthermore, some studies revealed that the levels of TNF and C3 were found significantly 
higher and correlated with more severe, uncontrolled urticaria symptoms in patients with 
CSU and MetS at the same time [59, 60].
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CSU is characterized by the activation of the coagulation cascade [38, 39]. And it is probable 
that both intrinsic and extrinsic pathways are affected in CSU patients [40]. The coagulation 
system factors that most likely involved in the pathogenesis of CSU are tissue factor, throm-
bin, D-dimer, PF1+2, and activated factor VII [41, 42].

Thrombin activation, which is derived from platelets, directed investigations toward the eval-
uation of mean platelet volume (MPV) and CSU correlation. MPV is a potential marker of 
platelet reactivity because larger platelets are metabolically and enzymatically more active. 
It was shown that platelets secrete a large number of mediators of thrombosis, coagulation, 
inflammation, and atherosclerosis [43]. And MPV values were found significantly more in 
patients with CSU than the control group [21, 44]. A suggested possible way in the pathogen-
esis of CSU is that large activated platelets might activate the coagulation cascade. The activa-
tion of the coagulation pathways elicits increase in number of protease-activated receptor-1 
on mast cells, mediator degranulation from mast cells and, increase in vascular permeability 
[45–47]. In many studies, this activated coagulation cascade was found associated with more 
severe disease [40, 41, 47]. Also, some studies showed that coagulation factors decreased to 
normal limits after disease remission or during treatment [35, 36, 40]. In contrast to this view, 
some authors suggest that the activation of the coagulation cascade seems a potential inten-
sifying mechanism in the pathogenesis of CSU but is quite likely not the main trigger of the 
disease [47].

Chronic persistent infections,( e.g., Helicobacter pylori (Hp), streptococci, staphylococci, yer-
sinia, Giardia lamblia, Mycoplasma pneumoniae, Hepatitis viruses, Norovirus, Parvovirus B19, 
Anisakis simplex, Entamoeba spp., and Blastocystis spp.) have been suspected to be triggering 
factors in patients with CSU [3]. Especially, Hp infection was popularly investigated in the 
pathogenesis of CSU [48, 49]. It is thought that Hp infections could be a triggering factor in 
underlying autoimmune pathology of CSU [50], and there are studies showing that Hp infec-
tion is related to production of autoreactive IgM and IgG3 antibodies [51]. Another suggestion 
is that Hp-associated lipoprotein 20 (lpp20) could act as an antigen that is involved in molecu-
lar mimicry to mast cells, T cells, and B cells as well [51–53]. Also in some studies, eradication 
of Hp infection resulted in remission of CSU symptoms [54, 55].

CSU is histopathologically characterized by infiltrating perivascularT cells, eosinophils, and 
neutrophils, and neutrophils, and several studies reported that circulating levels of C-reactive 
protein (CRP), pro-inflammatory cytokines such as interleukin (IL)-6 and TNF-α, and matrix 
metalloproteinase 9 (MMP-9) have been found increasing in patients with CSU. Also, these 
markers are thought to appear to correlate with clinical activity score and severity of urticaria 
[56–58]. Metabolic syndrome (MetS) involves dyslipidemia, central obesity, glucose intoler-
ance, and high blood pressure [59]. Furthermore it has been reported that patients suffering 
from MetS had higher serum levels of inflammatory markers such as IL-1, IL-6, TNF, and CRP 
than healthy controls [60].

In a study, the prevalence of MetS was reported higher among the patients with CSU. Thus, 
systemic inflammation promoted by MetS may play a role in CSU pathogenesis as well. 
Furthermore, some studies revealed that the levels of TNF and C3 were found significantly 
higher and correlated with more severe, uncontrolled urticaria symptoms in patients with 
CSU and MetS at the same time [59, 60].
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Some studies showed that activation of eosinophils which are sources of vascular endo-
thelial growth factor and tissue factor in lesional skin of patients with CSU may play a 
role in the pathogenesis of CSU [61]. Elevated serum eosinophilic cationic protein levels 
were found correlated with symptoms in patients with CSU and MetS. Both diseases, CSU 
and MetS, which may mutually trigger or exacerbate each other, have elevated systemic 
inflammation [60].

3. Conclusion

Studies investigating comorbidities associated with CSU have been increasing in recent years, 
and new disorders possibly associated with the CSU have been reported. It has not been 
clearly known yet that whether these conditions are true comorbidities associated with CSU 
or they are coincidentally found at the same time. This will be clearer as more studies on the 
subject are added.
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Abstract

Chronic urticaria (CU), one of the most frequent skin disorders, is defined as the repeated 
occurrence of red, swollen, itchy and sometimes painful hives (wheals), and/or 
 angioedema (swellings in the deeper layers of the skin), for more than 6 weeks [1, 2]. 
CU has an estimated worldwide prevalence of approximately 1% [3], which includes 
spontaneous and inducible types. In chronic spontaneous urticaria (CSU), the most 
common type of CU, symptoms occur without a specific trigger [1, 3]. In contrast, in 
chronic inducible urticaria (CIndU), symptoms occur in response to specific stimuli, such 
as exposure to cold, heat or pressure [4]. Patients may suffer from CSU and CIndU in 
parallel [2]. Chronic urticaria (CU) is defined as the repeated occurrence of red, swol‐
len, itchy and sometimes painful wheals, and/or angioedema, for more than 6 weeks. 
CU includes spontaneous and inducible types. In chronic spontaneous urticaria (CSU), 
the most common type of CU, symptoms occur without a specific trigger. Treatment 
of urticaria and/or angioedema mainly consist of antihistamines, short courses of corti‐
costeroids, other immunosuppressive, and anti‐inflammatory agents. Angioedema is a 
deeper  expression of urticaria which is classified by allergic, hereditary, acquired, and 
angiotensin‐ converting enzyme inhibitor (ACEI)‐induced forms.

Keywords: urticaria, treatment, management, angioedema

1. Introduction

H1 antihistamines are usually effective in the majority of urticaria and/or angioedema patients 
but might be insufficient in some patients. Second‐generation antihistamines are safe and 
effective in patients with urticaria and are the first‐line agents in all guidelines. For patients 
not responding to monotherapy with a second‐generation antihistamine in the second step, 
several treatments can be used including higher doses of second‐generation antihistamines, 
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addition of H2 antagonist, or leukotriene receptor antagonists. First‐generation antihista‐
mines like hydroxyzine or doxepin can be considered in patients whose symptoms remain 
uncontrolled in bed time. Systemic corticosteroids are frequently used for refractory patients 
with urticaria and might be considered in some patients for only short‐time use. Alternative 
therapies including omalizumab are approved by the Food and Drug Administration (FDA) 
for patients with chronic refractory urticaria and cyclosporine. Anti‐inflammatory agents 
including dapsone, sulfasalazine, hydroxychloroquine, and colchicine have been used in 
some patients with limited evidence for efficacy in chronic urticaria.

Acute attacks of HAE are unresponsive to antihistamines or corticosteroids. C1‐INH 
 replacement, plasma kallikrein inhibitor, bradykinin receptor antagonist, and fresh frozen 
plasma have been approved for the treatment of acute attacks. Angioedema caused by ACE 
inhibitors can be an acute emergency with laryngeal or tongue edema. There is no response 
to antihistamines or corticosteroids. Fresh frozen plasma, C1 inhibitor, and bradykinin recep‐
tor antagonist appear to be safe and effective therapeutic options for the management of 
ACEI‐induced angioedema.

2. Management of urticaria

Urticaria is commonly defined as the sudden appearance of wheals that are typically pruritic 
and resolve within 24 h without any skin changes, although some lesions may last up to 48 h 
[1]. The updated classification of urticaria distinguishes acute and chronic urticaria. Acute 
urticaria is defined as the one persisting less than 6 weeks, whereas chronic urticaria (CU) 
persists for at least 6 weeks [1]. Chronic urticaria is spontaneous (CSU) or inducible (CIU) 
[2]. CSU is a common disorder with a prevalence of 1% that is characterized by recurrent 
wheals, angioedema, or both for more than 6 weeks (with or without free intervals). CSU is 
self‐ limited but in many patients, symptoms recur for several years and can be refractory to 
standard therapies [3, 4].

The international urticaria guidelines advise standard dose, second‐generation  H1‐ antihistamines 
as first‐line therapy [5]. However, H1 antihistamine treatment leads to absence of symptoms 
in fewer than 50% of patients, and in about 10% of cases, they fail to  control the disease even 
at higher than licensed doses [5, 3]. Up‐dosing of second‐ generation H1 antihistamines (up 
to fourfold), as recommended by the urticaria guideline as second‐line therapy, can improve 
response, but many patients remain symptomatic. The urticaria guideline recommends add‐
on omalizumab, cyclosporin A (CsA) or montelukast third line in patients with an inadequate 
response to high‐dose H1 antihistamines [5]. In refractory patients, short courses of oral steroids 
may induce a remission in about 50% of cases [3]. Other approaches include intravenous immu‐
noglobulin, rituximab, dapsone, and anticoagulants are also limited by paucity of data on their 
efficacy and adverse effect profile [3, 6].

According to guidelines prepared in accordance with data obtained mostly in adult studies, 
the primarily preferred drug in acute and chronic urticaria exacerbations in children is second‐
generation H1 antihistamines. Guidelines recommend that the dose should be increased three 
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or fourfold in cases where response to H1 antihistamines treatment is not obtained at normal 
doses. If success of therapy cannot be achieved with H1 antihistamines used at the usual dose, 
high‐dose H1 antihistamines is recommended. It has been reported that  corticosteroids may 
be used short term (up to 10 days) in periods of urticaria exacerbations. However, guidelines 
also state that a definite recommendation cannot be made because there are insufficient ran‐
domized controlled studies in this area. The primary treatment option in long‐term treatment 
of chronic urticaria is again second‐generation nonsedative H1 antihistamines. However, 
the number of randomized controlled studies is substantially low for evidence‐based rec‐
ommendations in children. In patients who do not respond to high‐dose H1 antihistaminic 
treatment, corticosteroid, omalizumab, cyclosporin A, and montelukast constitute tertiary 
treatment options. However, these drugs are recommended only in eligible patients because 
of the adverse effects and costs of these drugs [7].

It is clear that the current evidence‐based treatment algorithm does not fit every urticaria 
patient. It is important that physicians do not just consult the algorithm but read the guideline 
line by line and employ an individualized approach for the care of each patient.

2.1. H1 antihistamines

Current international guidelines recommend a licensed dose of second‐ or third‐ generation 
(non‐sedating) antihistamines for the treatment of all forms of urticaria as the first‐line 
therapeutic option. Second‐generation H1 antihistamines include fexofenadine, loratadine, 
and cetirizine. Third‐generation antihistamines include desloratadine and levocetirizine. 
These medications should be taken continuously at the lowest necessary dose rather than 
on demand. This treatment with licensed doses of H1 antihistamines leads to an absence of 
symptoms in fewer than 50% of patients with CSU [5].

If CSU symptoms persist after 2 weeks of treatment with licensed doses of second‐generation 
H1 antihistamines, it is recommended to increase the dose up to four times the licensed dose 
instead of combining different H1 antihistamines to obtain control as a second‐line treatment. 
But there are only few controlled studies that have assessed the efficacy and safety of  non‐
sedating antihistamines [5, 6]. This dose increase results in a higher degree of efficacy in some, 
but not all, patients, with up to one‐third of patients remaining symptomatic [5].

First‐generation H1 antihistamines (diphenhydramine and hydroxyzine) are lipophilic 
compounds which cross the blood‐brain barrier and therefore sedating and anticholinergic 
side effects. They impair cognitive function, learning, and performance. First‐generation 
H1 antihistamines have been advocated for use by the US guidelines as step two therapy 
at night and can be titrated up to higher doses as step three therapy if tolerated by the 
patient. Non‐sedating second‐ and third‐generation H1 antihistamines have lower pro‐
pensity to cross the blood‐brain barrier. Because of this, non‐sedating H1 antihistamines 
are favored [6].

In studies mentioned above, higher‐than‐standard doses of antihistamines were not 
 associated with an increase in adverse effects in most cases. Antihistamines also have anti‐ 
inflammatory effects in the treatment of urticaria when used at higher doses than licensed 
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doses.  Anti‐ inflammatory activity may result from the activation of genes responsible for the 
synthesis and/or synthesis of pro‐inflammatory mediators [6].

2.2. H2 antihistamines

H2 antihistamines such as cimetidine and ranitidine are more typically used as add‐on ther‐
apy in combination with H1 antihistamines and leukotriene receptor antagonists (LTRAs). 
A review of the Global Urticaria Forum’s attendees’ opinions suggested that although these 
agents are old and generally well tolerated by patients, they are unlikely to be used in clinical 
practice [8].

2.3. Leukotriene receptor antagonists

Cysteinyl leukotrienes are potent pro‐inflammatory mediators, the effects of which can be 
blocked by LTRAs such as montelukast, zafirlukast, and pranlukast. LTRAs are recommended 
as add‐on step two therapies by the US guidelines and in the third step in the Europe Union’s 
(EU) guidelines. LTRAs have been found to significantly improve CU symptoms when used 
in conjunction with H1 antihistamines but are not as effective as H1 antihistamines when 
used as monotherapy. Combination therapy of antihistamines plus LTRAs may be more 
effective in patients with aspirin and nonsteroidal anti‐inflammatory drug‐exacerbated CSU. 
LTRAs appear to be well tolerated, with a good side‐effect profile. Montelukast is not cur‐
rently licensed for the treatment of CSU [1, 5, 9, 10].

2.4. Third‐line treatments

If a patient’s CSU symptoms persist after 1–4 weeks of second‐line treatment, add‐on 
 omalizumab, CsA, or montelukast are recommended as third‐line options. Both omalizumab 
and CsA are effective third‐line CSU treatments; montelukast appears to have lower efficacy 
in this setting.

2.5. Omalizumab

Omalizumab, a humanized recombinant immunoglobin (Ig) G1 kappa monoclonal anti‐IgE, is 
effective in antihistamine‐unresponsive patients although optimal treatment duration needs 
to be defined [3]. Omalizumab is currently the only agent licensed for the third‐line treatment 
of CSU [8]. The FDA approved the omalizumab for CU is 150 to 300 mg subcutaneously every 
4 weeks. The clinical response starts after 1 week at the earliest, and the complete response can 
be prolonged up to 4–6 months. Studies found that complete control in approximately one‐
third of patients, partial control in another one‐third, and one‐third were unresponsive [1].

Omalizumab carries a label warning for anaphylaxis, although no cases of anaphylaxis were 
reported in the phase III trials of omalizumab in CSU. Other known risks associated with 
omalizumab include increased risks of cardiac and neurovascular events and a controversial 
increased risk of lymphoma. Omalizumab is generally well tolerated in patients with CSU 
and is rated as pregnancy category B [5, 1].
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2.6. Cyclosporin A

Cyclosporin A (CsA) could be a suitable drug for the treatment of CSU as it directly inhibits mast 
cell degranulation as well as targeting T‐cells. Similarly, CsA directly inhibits part of the basophil 
histamine release assay (BHRA) [5]. Response of autoreactive CSU to CsA has been associated 
with disappearance of autoantibodies and CsA may be disease‐modifying in these patients [5]. 
A low‐dose CsA treatment (3 mg/kg per day or less) has been shown to cause full remission of 
symptoms in a number of different randomized controlled trials and real‐world studies [11–14].

CsA is also effective in the majority of antihistamine‐resistant CSU patients, but its use is 
limited by potential side effects [3]. The most common adverse events associated with the use 
of CsA include hypertension, fatigue, gastrointestinal problems, and headache [15]. It is also 
thought that long‐term use of CsA may be responsible for the development of non‐melanoma 
skin cancer [16]. In patients receiving CsA therapy, monitoring of blood pressure and renal 
function is particularly important [13]. CsA is not currently licensed for the treatment of CSU 
and should be preferred only as a short‐term treatment option [5].

Cyclosporin has been reported to be effective in some studies of CSU, including three 
 double‐blind [12–18], and one study reported that 40% of patients achieved complete remis‐
sion in 9 months [18].

2.7. Other treatment options

Other possible options for the treatment of CSU are anti‐inflammatory medications 
( hydroxychloroquine, dapsone, sulfasalazine, and colchicine) and immunosuppressants 
(mycophenolate, tacrolimus, azathioprine, and methotrexate) supported by low levels of 
evidence as defined by the Grading of Recommendations Assessment, Development, and 
Evaluation (GRADE) system (Table 1).

Drug Quality of evidence Strength of recommendation

H2 antihistamines Moderate Weak (+)

Oral corticosteroids (short course) Low Weak (+)

Oral corticosteroids Very low Strong (−)

Anti‐inflammatory agents (dapsone, 
sulfasalazine, hydroxychloroquine, 
colchines, mycophenolate mofetil)

Low–very low Weak (+)

Immunosuppressive agents Very low Weak (+)

Methotrexate

Cyclophosphamide

Intravenous Ig Low Weak (+)

(+) recommendation for medication, (−) recommendation against medication, and Ig: immunoglobulin

Table 1. Quality of evidence and strength of recommendation for use of intervention in CSU based on the GRADE 
system.
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2.8. Dapsone

In the current international urticaria guideline, the use of dapsone and its effectivity is still 
unclear. However, in a double‐blind, placebo‐controlled study, dapsone has been reported 
as a promising agent in patients with CSU unresponsive to antihistamines [19]. Supportive 
evidence is needed to recommend the use of dapsone in urticaria patients [8].

2.9. Azathioprine

Additional new therapies such as azathioprine are under investigation for use in urticaria, 
although the evidence supporting their use is currently limited and not robust enough to 
 warrant a change in current guidance [8].

2.10. Corticosteroids

Oral corticosteroids are commonly used in management of acute urticaria, and prednisone 
has been shown to significantly improve control of symptoms compared to antihistamines 
alone. Short courses (10 days–3 weeks) of corticosteroids may be used at any time if disease 
exacerbations are required in CU [5, 1].

3. Management of angioedema

Although both urticaria and allergic angioedema are associated with mast cell activation, 
there are many differences between them. While urticaria affects the skin, angioedema usu‐
ally affects the mucosal tissue as well. In addition, middle and papillary dermis are involved 
in urticaria, whereas reticular dermis and submucosal tissues are involved in angioedema. 
Angioedema usually resolves in less than 24–48 h, disappear without aftereffects and are 
more painful than itchy [20, 2, 1].

Most cases of angioedema are attributable to the histamine and bradykinin. Histamine‐
mediated (allergic) angioedema occurs through a type I hypersensitivity reaction, 
whereas bradykinin‐mediated (non‐allergic) angioedema is iatrogenic or hereditary 
in origin. Bradykinin‐mediated angioedema is divided into three distinct types: 
 hereditary a ngioedema (HAE), angiotensin‐converting enzyme inhibitor (ACEI)‐induced 
 angioedema, and acquired angioedema (AAE) [20] (Table 2). Although their clinical 
 presentations bear similarities, the treatment algorithm differs significantly from each 
other. Corticosteroids and epinephrine are effective only in the management of  histamine‐
mediated angioedema [20].

Priority of the treatment of angioedema is to provide airway protection. Intramuscular epi‐
nephrine may be required in the presence of acute laryngeal edema or anaphylaxis. It is 
administered in adult patients at doses of 1:1000 mg 0.2–0.5 mg and in children at doses 
of 0.01 mg/kg (up to 0.03 mg). These doses may be repeated at intervals of 5–15 min and if 
 necessary with monitoring [20].
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has been shown to significantly improve control of symptoms compared to antihistamines 
alone. Short courses (10 days–3 weeks) of corticosteroids may be used at any time if disease 
exacerbations are required in CU [5, 1].

3. Management of angioedema

Although both urticaria and allergic angioedema are associated with mast cell activation, 
there are many differences between them. While urticaria affects the skin, angioedema usu‐
ally affects the mucosal tissue as well. In addition, middle and papillary dermis are involved 
in urticaria, whereas reticular dermis and submucosal tissues are involved in angioedema. 
Angioedema usually resolves in less than 24–48 h, disappear without aftereffects and are 
more painful than itchy [20, 2, 1].

Most cases of angioedema are attributable to the histamine and bradykinin. Histamine‐
mediated (allergic) angioedema occurs through a type I hypersensitivity reaction, 
whereas bradykinin‐mediated (non‐allergic) angioedema is iatrogenic or hereditary 
in origin. Bradykinin‐mediated angioedema is divided into three distinct types: 
 hereditary a ngioedema (HAE), angiotensin‐converting enzyme inhibitor (ACEI)‐induced 
 angioedema, and acquired angioedema (AAE) [20] (Table 2). Although their clinical 
 presentations bear similarities, the treatment algorithm differs significantly from each 
other. Corticosteroids and epinephrine are effective only in the management of  histamine‐
mediated angioedema [20].

Priority of the treatment of angioedema is to provide airway protection. Intramuscular epi‐
nephrine may be required in the presence of acute laryngeal edema or anaphylaxis. It is 
administered in adult patients at doses of 1:1000 mg 0.2–0.5 mg and in children at doses 
of 0.01 mg/kg (up to 0.03 mg). These doses may be repeated at intervals of 5–15 min and if 
 necessary with monitoring [20].
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3.1. Hereditary angioedema

Hereditary angioedema (HEA) is a rare, autosomal dominant disorder characterized by 
a quantitative (type I) or qualitative (type II) deficiency of C1 esterase inhibitor (C1‐INH) 
 protein. HAE with normal C1‐INH (type III) occurs because of one of two known mutations 
in the gene for factor XII [20].

3.2. C1‐INH replacement therapy

C1‐INH replacement therapy maintains a central role for the treatment of angioedema attacks 
in patients with HAE. Berinert is a purified, pasteurized, and lyophilized form of C1‐INH 

Angioedema type Clinical and diagnostic features

Histamine mediated

Allergic angioedema Angioedema is usually accompanied by urticaria and sometimes 
anaphylaxis, may be pruritic, and is associated with exposure to allergens; 
attacks last for 24–48 h; it is responsive to antihistamines and corticosteroids

Angioedema with urticarial vasculitis Angioedema may accompanied by urticaria; there may be petechiae or 
purpura after swelling resolves; symptoms of underlying vasculitis

Bradykinin mediated

Hereditary angioedema types I and II Recurrent attacks without urticaria; erythema marginatum is a cardinal 
finding; onset of the disease in childhood or young adulthood, worsens 
at puberty; family history in 75% of patients; attacks unresponsive to 
antihistamines or corticosteroids

Hereditary angioedema type III Associated with mutations in factor XII, more common in women, may 
be estrogen dependent, typical onset after childhood, face and tongue 
extremity involvement is more frequent than abdominal, recurrent tongue 
swelling is a cardinal symptom, more disease‐free intervals than in HAE 
types I and II, family history of angioedema, and attacks are unresponsive to 
antihistamines or corticosteroids

Acquired angioedema Attacks are similar to HEA, onset in middle age or later, no family history, 
attacks unresponsive to antihistamines or corticosteroids

ACE inhibitor‐induced angioedema History of ACE inhibitor use, no urticaria, face and tongue are the most 
frequent sites, more common in blacks and smokers, patients usually can 
tolerate ARBs

Not mediated by histamine or bradykinin

Idiopathic angioedema Angioedema sometimes accompanied by urticaria, swelling may persist for 
up to 48 h, attacks may occur daily, patients are responsive to antihistamines 
or corticosteroids

Pseudoallergic angioedema Urticaria is typically present, usually a class‐specific reaction thought 
to be mediated by cysteinyl‐leukotriens and includes NSAİD‐induced 
angioedema, which occurs because of cyclooxygenase inhibition and 
subsequent release of cysteinyl‐leukotriens

ACE, angiotensin‐converting enzyme; ARB, angiotensin receptor blocker; NSAID, nonsteroidal anti‐inflammatory drug.

Table 2. Clinical and diagnostic features of various types of angioedema.
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concentrate which is derived from human plasma. It was approved by the US FDA in 2009 for 
the treatment of acute abdominal, facial, and, more recently, laryngeal attacks of HAE in adult 
and adolescent patients [20]. It is approved in the European Union and the USA for adults and 
adolescents (≥13 years of age) for the treatment of acute angioedema attacks in patients with 
HEA due to C1‐INH deficiency [21] (Table 3).

3.3. Plasma kallikrein inhibitor

Ecallantide (Kalbitor) received FDA approval in 2009 for use in the treatment of acute exacer‐
bations of HEA in people aged 16 years and more. However, the EU rendered a negative opin‐
ion regarding its approval. Ecallantide can be used against attacks of HAE at any anatomical 
location, including abdominal/gastrointestinal, laryngeal, and peripheral attacks [22] (Table 3).

3.4. Bradykinin receptor antagonist

Icatibant (Firazyr) is a highly selective competitive bradykinin β2 receptor antagonist, and it 
is available as 30 mg in 3‐ml solution as a ready‐to‐use syringe for immediate subcutaneous 
injection in an HAE attack [20] (Table 3).

Therapy and indication Dosage Monitoring tests

C1 esterase inhibitor [human] 
(Berinert; CSL Behring)

20U/kg body weight IV at a rate of 
4 ml/min

Monitor patients with known risk 
factors for thrombotic events

Indicated for the treatment of acute 
abdominal or facial attacks of HEA in 
adult and adolescent patients

Epinephrine should be immediately 
available to treat any acute severe 
hypersensitivity reactions following 
discontinuation of administration

Plasma kallikrein inhibitor (kalbitor 
[ecallantide]; Dyax Corb)

30 mg (3 ml) SC in three 10‐mg (1 ml) 
injections

Given the similarity in 
hypersensitivity symptoms and acute 
HAE symptoms, monitor patients 
closely for hypersensitivity reactions

Indicated for attacks at all anatomic 
sites

If attack persists, additional dose of 
30 mg (3 ml) may be administered 
within a 24‐h period

Administer in a setting equipped to 
manage anaphylaxis and HEA

Fresh frozen plasma 2U at 1–12 h before the event (only 
for use when C1‐INH concentrate is 
not available)

Baseline, liver function test, hepatitis 
virology

Bradykinin β2 receptor antagonist 30 mg (3 ml) injected SC in the 
abdominal area.

For patients who never received 
Firazyr previously, the first treatment 
should be given in a medical 
institution or under the guidance of 
a physician

(Fizary [Icatıbant] Shire Orphan 
Therapies)

If attack persists, additional injections 
of 30 mg (3 ml) may be administered 
at intervals of ≥ 6h

Indicated for attacks at all anatomic 
sites

No more than 3 injections in 24 h

C1‐INH, C1 esterase inhibitor; IV, ıntravenously; SC, subcutaneously.

Table 3. Treatment options of hereditary angioedema.
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3.5. ACE inhibitor‐induced angioedema

ACEI‐induced angioedema is due to excessive accumulation of bradykinin. ACEI‐induced 
angioedema is most commonly present with swelling of face, lips, tongue, and larynx and 
rarely involves visceral organs. Urticaria and itching are notably absent. Life‐threatening 
edema of the upper airway is present in 25–39% of cases of ACEI‐induced angioedema. 
Although ACEI‐induced angioedema most commonly occurs shortly after treatment is 
 initiated, it can develop long after treatment has started [20]. The nonallergic nature of the 
 reaction renders traditional therapies (corticosteroids and antihistamines) as ineffective. 
Fresh frozen plasma, C1 inhibitor, and icatibant appear to be safe and effective therapeutic 
options for the management of ACEI‐induced angioedema [22].

4. Management of anaphylaxis

Anaphylactic findings may include diffuse urticarial plaques, angioedema,  gastrointestinal 
symptoms, and hypotension. In severe forms of anaphylaxis, loss of consciousness 
due to vascular collapse may develop. Pulmonary symptoms such as hyperinflation, 
 peribronchial obstruction, and submucosal edema are frequently observed during ana‐
phylaxis [20].

Elevation of lower extremities and placing in a supine position of the patient ( semi‐ reclining 
if dyspneic or vomiting) are recommended [23]. An important component of acute man‐
agement of anaphylaxis is volume expansion. The largest catheter possible should be 
placed on the largest peripheral vessel, and the rate should be titrated  according to pulse 
and blood pressure. Adults are infused with 1–2 L iv of normal saline (5–10 mL/kg in the 
first 5 min) and 30 mL/kg iv in the first h in children. Antihistamines act slower than epi‐
nephrine and should not be administered alone in the treatment of anaphylaxis or acute 
allergic angioedema. The combined use of H1 and H2 blockers is more effective than 
the H1 antihistamines alone. Diphenhydramine should be administered to 25–50 mg iv 
in adults and 1 mg/kg iv (up to 50 mg) in children. Similar oral doses may be sufficient 
for mild episodes. Ranitidine should be infused 1 mg/kg iv in adults, 12.5–50 mg, iv for 
10 min, in children. Inhaled β2 agonists are useful when bronchospasm is resistant to 
epinephrine injection alone. Systemic corticosteroids are not sufficient to prevent anaphy‐
laxis. Although the use of parenteral corticosteroids (iv methylprednisolone) provides a 
benefit in histamine‐mediated angioedema, the therapeutic effect is not immediate [20]. 
Epinephrine is the first choice as recommended in all guidelines. It is recommended to 
inject from an autoinjector IM in the mid‐outher of the thigh. The first‐aid dose of epi‐
nephrine is 0.01 mg/kg of a 1 mg/mL (1:1000) dilution to a maximum dose of 0.5 mg in 
an adult or 0.3 mg in a child. This dose can be repeated every 5–15 min as needed [24]. 
Intravenous epinephrine (0.1 mg in 100 mL saline, 1:100.000 solution, initially at a rate of 
30–100 mL/h) may be administered in cases that do not respond to recurrent epinephrine 
injection and fluid therapy. Hemodynamic monitoring is recommended during intrave‐
nous epinephrine therapy [23].
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Anti IgE Therapy in Chronic Urticaria
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Abstract

The crucial position of IgE within the pathogenesis of allergic diseases made it a key tar-
get for therapy. The inhibition of the allergic inflammatory cascade by anti-immunoglob-
ulin E (IgE) therapy is a new and promising concept in the treatment of these diseases. 
Currently available anti-IgE agent omalizumab has been started to be used in past 3 
years in the cases of chronic spontaneous urticaria (CSU) and chronic inducible urticaria 
(CINDU), resistant to the first-, second-, and some third-line treatments. The use of omal-
izumab as an effective and safe biological therapy for inadequately controlled severe, 
persistent patients with CSU and CINDU provided a valuable new treatment option for 
these patients. However, the data about possible mechanisms of anti-IgE therapy in these 
patients, treatment strategies and dose regimens of anti-IgE therapy are different, and 
special patient groups and possible side effects are still insufficient. Also, studies about 
possible future anti-IgE treatment options are ongoing in CSU.

Keywords: chronic urticaria, anti-IgE therapy, omalizumab, management, new anti-IgE 
agents

1. Introduction

Chronic spontaneous urticaria (CSU) is defined as the spontaneous occurrence of itchy 
wheals, angioedema, or both for more than 6 weeks [1, 2]. More than 5 million people only 
in Europe suffer from CSU, especially its negative effects are on quality of life and sleep, 
school and work performance and daily life activities, and social relationships [3]. Recently, 
inside the EAACI/GA(2) LEN/EDF/WAO Guideline, it has been endorsed that nonsedating 
H1 antihistamines ought to be used for the first-line treatment of CSU and doses of H1 anti-
histamines can be increased by four-fold as the second-line treatment till symptoms can be 
kept under control completely [1, 4]. When these increased doses of H1 antihistamines fail, 
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one of the recommended therapies as the third-line treatment is omalizumab. It is the only 
available agent of anti-immunoglobulin E (IgE) at the current time [3, 4].

2. Role of IgE in CSU

IgE has an important role in the pathogenesis of many allergic disorders including asthma, 
allergic rhinitis, latex allergy, hyper-IgE syndrome, chronic rhinosinusitis, atopic dermatitis, 
food allergy, drug allergy, and CSU. However, the role of IgE levels has different mechanisms 
in pathogenesis and diagnosis of the leading allergic disorders. In support of this, IgE levels 
are not correlated with CSU severity [5].

Measurements of total IgE levels during anti-IgE therapy with conventional methods show 
increases by nearly 3- to 11-fold [6]. The increase in monthly IgE levels is explained by the 
fact that total IgE measured during therapy is made up of free IgE and IgE binds free IgE and 
forms a complex and that, daily IgE production continues [3]. This is explained in the litera-
ture that commercial kits used to determine IgE levels measure both free IgE and IgE-anti-IgE 
complex together [3, 7]. Therefore, it is recommended that total IgE should not be used for 
measurement of free IgE during omalizumab treatment [8].

It is known that immunocomplexes do not cause tissue damage or complement fixation. In 
addition, it is proposed that accumulation of immunocomplexes in the extravascular space 
(mucosal epithelial lining) and the inability of anti-IgE forming a complex with IgE to go back 
to capillary space creates a local space, protective against allergens [7].

The role of IgE measurements in planning treatment for chronic urticaria and adjustment of 
the dose of omalizumab is not clear yet [9]. A recent study has shown that basal IgE levels do 
not play a role in responses to treatment [3].

Serum total IgE levels are regulated by several factors in the absence of anti-IgE therapy. It 
is known that the baseline IgE can predict the clearance and rate of production of IgE [10], 
and baseline IgE levels have a greater dependence on IgE production than IgE clearance [11]. 
Thus, in patients with high IgE levels and high IgE production, separately omalizumab, rel-
evant IgE levels will come back after omalizumab loses its action as compared to patients with 
low IgE production and low IgE levels [6, 12]. Also, it was shown that, during the therapy, 
decrease in the serum concentration of free IgE is negatively correlated to the baseline IgE [6].

On the other hand, Lowe postulated that longer administration of omalizumab (1 year) 
decrease 56% of the IgE production [13]. Further studies with longer omalizumab administra-
tion may be highlighted in this topic.

The clearance of IgE is dependent on serum levels itself [10]. The half-life of serum free IgE is 
short (1 day) and changes in half-life of IgE are probably not very common and more likely an 
insignificant effect on regulation of IgE levels [14].

In a study, a different anti-IgE antibody (CGP 51901) was assessed in patients with another 
allergic disease rather than CSU. The half-life of the drug was negatively correlated to the free 
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It is known that immunocomplexes do not cause tissue damage or complement fixation. In 
addition, it is proposed that accumulation of immunocomplexes in the extravascular space 
(mucosal epithelial lining) and the inability of anti-IgE forming a complex with IgE to go back 
to capillary space creates a local space, protective against allergens [7].

The role of IgE measurements in planning treatment for chronic urticaria and adjustment of 
the dose of omalizumab is not clear yet [9]. A recent study has shown that basal IgE levels do 
not play a role in responses to treatment [3].

Serum total IgE levels are regulated by several factors in the absence of anti-IgE therapy. It 
is known that the baseline IgE can predict the clearance and rate of production of IgE [10], 
and baseline IgE levels have a greater dependence on IgE production than IgE clearance [11]. 
Thus, in patients with high IgE levels and high IgE production, separately omalizumab, rel-
evant IgE levels will come back after omalizumab loses its action as compared to patients with 
low IgE production and low IgE levels [6, 12]. Also, it was shown that, during the therapy, 
decrease in the serum concentration of free IgE is negatively correlated to the baseline IgE [6].

On the other hand, Lowe postulated that longer administration of omalizumab (1 year) 
decrease 56% of the IgE production [13]. Further studies with longer omalizumab administra-
tion may be highlighted in this topic.

The clearance of IgE is dependent on serum levels itself [10]. The half-life of serum free IgE is 
short (1 day) and changes in half-life of IgE are probably not very common and more likely an 
insignificant effect on regulation of IgE levels [14].

In a study, a different anti-IgE antibody (CGP 51901) was assessed in patients with another 
allergic disease rather than CSU. The half-life of the drug was negatively correlated to the free 
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baseline IgE levels. Also, the time for free IgE to return to baseline after anti-IgE treatment was 
negatively correlated with baseline IgE levels [15]. This issue may be summarized as higher 
IgE levels predict shorter half-life of anti-IgE antibody. However, the overall results from the 
studies are difficult to interpret in terms of their relevance because the administration of anti-
IgE was different, the observation period was different, and many other aspects of the subjects 
and the protocols were different. Also, Casale showed that serum concentration of free IgE is 
correlated to administrated doses of omalizumab. It was claimed that high doses administra-
tion of omalizumab, decreases the free IgE to the most stable levels [6].

3. Omalizumab therapy in CSU

It has been known since 2005 that omalizumab, a humanized immunoglobulin G1 (IgG1) mono-
clonal antibody which binds IgE, is well tolerated by patients with severe atopic asthma [16]. 
In 2014, as a first anti-IgE agent, omalizumab’s marketing authorization for CSU was approved 
first by European Medicines Agency and then by Food and Drug Administration [17].

Before 2014, there were few case reports on effects of omalizumab used; although not indi-
cated in patients with chronic urticaria, few studies on patients' experiences with omali-
zumab and omalizumab phase studies in larger groups of patients; however, there is still a 
limited number of studies on the use of omalizumab for the treatment of CSU in a real life 
context [4].

The characterization of the response to omalizumab treatment has been previously reported 
both in the controlled trials and in the case series [3, 4, 18]. But it is still unclear about the 
long-term management of anti-IgE therapy and possible side effects for the clinician. And, 
it is also unclear that when will patients show relapse after discontinuation of omalizumab 
treatment. Omalizumab discontinuation must be taken into consideration every 3–6 months 
[3, 19]. Patients who have relapsed after discontinuation of omalizumab, the reinitiation of 
omalizumab therapy is primarily based on modifications in medical factors and doctor's dis-
cretion [20]. Metz et al. have reported that, in the case of possible retreatment, resistance to 
omalizumab does not develop readily in most patients with CSU [20, 21].

It is not often found that an external trigger or any factors that can initiate the symptoms of 
CSU patients. Most patients with CSU have an autoimmune cause; therefore, autoimmunity 
can be considered firstly [22]. Some patients produce IgE autoantibodies (against thyroperoxi-
dase or double-stranded DNA) and IgG autoantibodies (against FcεRI and/or IgE), which lead 
to activate mast cells and basophils. Current reports have demonstrated that IgE, by means 
of binding to FcεRI on mast cells without FcεRI cross-linking, can boost the proliferation and 
survival of mast cells [23, 24]. Also, IgE and FcεRI engagement can also lower the release of 
mast cells and cause high sensitivity to various stimuli through both FcεRI and other recep-
tors. Eventually, in a case of stimuli, this process can give rise to degranulation of mast cells 
[23]. It is known that anti-IgE therapy shows its effect on urticaria through lowering unfas-
tened IgE levels and mast and basophil cell activations. It also downregulates an IgE receptor 
FceR1 in the mast, basophil, and dendritic cells [23].

Anti IgE Therapy in Chronic Urticaria
http://dx.doi.org/10.5772/68015

107



Finally, there are three different mechanisms of omalizumab in patients with CSU [22, 23];

i. Omalizumab sequesters monomeric IgE to lessen its priming effect on mast cells;

ii. In CSU patients with IgG autoantibodies in opposition to IgE or FcεRI, the depletion of 
mast cell IgE with the aid of omalizumab and the following downregulation of FcεRI on 
mast cells and basophils might lead to their reduced state of hyperexcitability;

iii. In those sufferers with IgE autoantibodies against autoallergens, the inhibition of IgE 
binding to FcεRI via omalizumab and the downregulation of FcεRI would represent a 
significant mechanism of omalizumab.

However, it is quite difficult to explain the mode of action of omalizumab based on elimina-
tion of IgE and the other three mechanisms. It is clear that further studies are needed to eluci-
date its mode of action in CSU.

3.1. The usage of omalizumab in chronic inducible urticaria (CINDU)

Chronic urticaria can also be spontaneous and/or inducible, though the triggers of induc-
ible urticaria [25]. CINDU emerges when triggered by physical stimuli including scratch, 
cold, heat, pressure, friction, exercise, sun exposure, water exposure, and exercise [19]. The 
term CINDU includes cold urticaria, delayed pressure urticaria, heat urticaria, solar urticaria, 
symptomatic dermographism, vibratory angioedema, aquagenic urticaria, cholinergic urti-
caria, and contact urticaria [19, 25].

The suggested dosing and indications of therapy are not different from that used for CSU 
in the patients with CINDU. It is either 150 or 300 mg/4 weeks given subcutaneously [3]. 
Even though, there are many large studies currently underway for CINDU [25], there are 
individual cases and smaller studies assessing the efficacy of omalizumab in various types 
of CINDU, while the number of overall cases is low. The results of these studies have shown 
that efficacy of omalizumab treatment is similar in CSU and CINDU patients [3, 9, 20, 21]. All 
recent studies and case reports have shown notable and optimistic outcome results in patients 
with CINDU [9].

3.2. The selection of patients and indications of omalizumab therapy

CSU patients who are planning to use omalizumab should meet the following conditions 
[1, 3, 19]:

1. Patients who are older than 12 years of age.

2. Patients who are underneath expert care (dermatologists and/or immunologists).

3. Cause of urticaria is not identifiable with the aid of further investigations and CBC, ANA, 
and urine analysis outcomes are not abnormal.

4. Patients are recognized with the aid of professionals as moderate to severe CSU that is not 
responsive to standard treatment.
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5. Disease period is longer than 3 months and the symptoms stay persistent notwithstanding 
using guideline primarily-based treatment.

3.3. Dose regimens and assessment of patients

The preliminary and continuation dosing is not similar to that used for asthma. Doses of 
omalizumab for asthma are adjusted based on weight and serum IgE levels [7]. The role of 
basal IgE levels in planning treatment for CSU and adjusting doses of omalizumab are not 
yet clear [26, 27]. Metz et al. have noted that basal IgE levels do not play a part in response to 
treatment [3]. Also in CSU patients, omalizumab is given 300 mg or 150 mg (sc) every 4 weeks 
and is not decided with the baseline serum IgE levels or patient's weight [1].

Two doses of omalizumab (150 mg or 300 mg/4 weeks) have been accepted by the USA Food 
and Drug Administration (FDA) for CSU refractory to H1 antihistamines. Uysal et al. intro-
duced an algorithm for defining dose, dose interval, and clinical response in CSU patients. 
Due to this set of rules, it is affordable to start omalizumab with a dose of 300 mg every 4 
weeks, and if the patient is good enough, taper to a lower dose (e.g., 150 mg every 4 weeks), 
or much less frequent injections (every 6 weeks) [27] (Figure 1). However, in a current meta-
analysis, wherein seven randomized, placebo-controlled studies determined substantial proof 

Figure 1. A practical individualization of omalizumab doses during the therapy.

Anti IgE Therapy in Chronic Urticaria
http://dx.doi.org/10.5772/68015

109



for the efficacy and safety of omalizumab in patients with CSU and to treat patients with CSU 
with 300 mg of omalizumab for 4 weeks [18].

3.4. Omalizumab therapy in special populations

Current guidelines of CSU consist of tips for special populations, especially children, the 
elderly, and pregnant or lactating women [1]. They suggest the similar management and 
treatment algorithms as adults but pay attention to factors such as age, dosage, and availabil-
ity of toddler-pleasant approaches [1].

3.5. Omalizumab therapy in children and elderly patients

Omalizumab is available as a third-line treatment for CSU in adolescent sufferers (≥12 years) 
with an insufficient response to antihistamine therapy, and is likewise approved for kids aged 
≥6 years with severe persistent allergic asthma [27]. Its efficacy and safety profile have been 
also shown in a case study in patients with CU aged <12 years [28]. There are no safety warn-
ings about omalizumab in the geriatric population [29].

3.6. Omalizumab therapy in pregnant and lactating women

There are limited posted records at the safety of omalizumab in pregnant women with CSU 
[30], despite the fact that available data about anti-IgE therapy are reassuring with other dis-
eases; however, the research in asthma patients showed no obvious increase or major anoma-
lies have been observed [31, 32]. The results have been now not distinct from those in women 
receiving placebo and other asthma therapies [33, 34].

The initiation of omalizumab in the course of pregnancy is not recommended, although if a 
woman turns into pregnant even as receiving omalizumab, it's far recommended that treat-
ment can persevere if the advantages are estimated to outweigh the possible harms [34]. 
Immunoglobulin G molecules, along with omalizumab, are known to pass the placenta. IgG 
is also excreted in human milk, so it would be predicted that a breastfeeding baby might be 
uncovered to omalizumab. Data in human beings are not available [34].

3.7. Adverse effects of omalizumab therapy

The most common unfavorable reaction derived from omalizumab is injection site reactions, 
including induration, itching, pain, and bruising. The package insert contains warnings con-
cerning about parasitic infections. While there are not any reports of fatal anaphylaxis due to 
omalizumab, a few cases have been serious and doubtlessly life-threatening [17].

Available information on the safety profile and tolerability of omalizumab therapy in patients 
with CSU has been mainly derived from the phase III trials in patients with CSU. ASTERIA 
I, ASTERIA II, and GLACIAL trials showed a good tolerability profile, which was similar to 
those with placebo and without any anaphylactic reactions [4, 5, 35].
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Limb et al. evaluated anaphylaxis and angioedema profiles of patients with asthma receiving 
omalizumab [36]. Polysorbate, a part of the drug used to increase its solubility, is very likely to 
be responsible for adverse reactions [36, 37]. In a report on two cases of atopic asthma on the 
long-term omalizumab therapy, the intradermal test showed that anaphylaxis is developed 
due to omalizumab [38]. Anaphylaxis due to omalizumab can be diagnosed; there should be 
at least two of the following symptoms: angioedema in the throat or in the tongue, broncho-
spasm, hypotension, syncope, and/or urticaria [39].

In a study performed by omalizumab joint task force (OJTF) in 2006, 0.09% of the asthmatic 
patients administered omalizumab had anaphylaxis. They reported that anaphylaxis due to 
omalizumab developed within 2 h of the administration, and after three injections of the drug 
in most of the patients (78%). Based on this finding, they recommended that patients should 
be monitored in the clinic for 2 h after the first three injections of omalizumab administration 
and for 30 min after the following injections [37].

Due to exacerbation of urticaria or angioedema normally appearing in the course of the CSU, 
the diagnosis of an adverse reaction can be overlooked. Therefore, possibilities of an adverse 
reaction, lack of a response to omalizumab, and exacerbations due to discontinuation of other 
medications should be kept in mind because a decision about whether the treatment is effec-
tive and should be continued has to be made.

In addition, since delayed adverse reactions due to omalizumab can appear, patients may 
think that these reactions are independent of the drug. They may not tell their doctors about 
them due to clinical benefits they receive from their treatment. Therefore, it is necessary that 
patients should be informed about possible adverse reactions before treatment and observed 
for a long time after treatment.

According to data we collected in the dermatology clinic in Education and Research Hospital, 
from 2014 to 2016, about 100 patients diagnosed as CSU were treated with omalizumab. One 
of these patients, after a long period of time without angioedema, had the first angioedema 
attack on the tongue within 30 min of omalizumab administration. The reaction appearing 
was regarded as an adverse effect or flare-up of urticaria. One patient had urticarial exacer-
bation and angioedema; hypotension, 30 min after the first omalizumab administration, and 
lack of any other symptoms were proposed to be a nonspecific adverse reaction. Exacerbation 
of urticaria and angioedema occurring after the second administration in the same patient 
were indicative of an adverse reaction. One patient had urticarial exacerbation; late-onset 
urticaria exacerbation after the first dose in was thought to be a delayed adverse reaction 
due to omalizumab or exacerbation of the disease because the previous cyclosporine therapy 
was discontinued [17]. Except those, two patients had localized urticarial plaque on the site 
of omalizumab application. One patient had a mild and one had a moderate headache, three 
patients had acneiform eruption and two patients had widespread foot pain and myalgia, 
which can be considered as the flu-like syndrome. One patient had dizziness. Omalizumab 
changed into discontinued within the patients experiencing urticarial exacerbation and/or 
angioedema, but the treatment became persevered within the patients located to have other 
adverse reactions and necessary precautions toward the side effects had been taken.
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4. Newly introduced anti-IgE therapies

As a third-line therapy in patients with CSU, omalizumab is an effective and safe biological 
therapy option for both antihistamine-resistant CSU patients and physicians dealing with 
CSU [40]. However, there are nonetheless many patients who do not tolerate or benefit from 
existing and the other third-line therapies including omalizumab [41].

MEDI-4212, ligelizumab (QGE031), and mAbs targeting the extracellular segment (M1′) of 
membrane IgE: quilizumab is a new anti-IgE reagents that is currently undergoing phase II 
trial testings [42, 43].

4.1. Ligelizumab (QGE031)

Ligelizumab is a completely humanized IgG1 monoclonal antibody directed in opposition to 
human IgE that binds with excessive affinity to the Cε3 area of IgE. It also binds to Cε3 area of 
IgE with much more affinity than omalizumab [41]. Compared to omalizumab, ligelizumab 
suggests sixfold to ninefold more suppression of allergen-induced skin prick exams in vivo. 
It also affords more and longer suppression of free IgE and IgE on the surface of circulating 
basophils compared to omalizumab [44].

Current findings suggest that ligelizumab can be more potent than omalizumab within the 
treatment of CSU. The advent of an even stronger anti-IgE mAb-ligelizumab is developing; 
in addition, possibilities for anti-IgE therapy to improve the symptoms and life quality of 
patients with chronic urticaria [40, 41].

4.2. Quilizumab

Quilizumab is a humanized monoclonal antibody that targets the M1 prime of membrane-
expressed IgE on IgE-switched B cells and plasmablasts. Quilizumab is in the medical devel-
opment for the remedy of allergic diseases. By inflicting the depletion of IgE-switched B cells 
and plasmablasts, it reduces serum IgE [45].

A currently achieved multicenter, double-blind observe with 32 CSU patients showed that 
there was no significant difference between quilizumab and placebo group in terms of 
decreases in disease scores [46]. But its longer period use in CSU patients or its combination 
with omalizumab may enhance treatment effects and lead to sustained responses. This has to 
be revealed in future studies [41].

These findings suggest that quilizumab may be an effective treatment of CSU. Quilizumab 
and ligelizumab are still under investigation in CSU [41].
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Abstract

Urticaria is a common dermatological condition that can occur in acute and chronic forms. 
Common urticaria is generally easy to diagnose; however, urticarial syndromes should be 
considered in cases where lesions persist for greater than 24–36 h, the location of lesions 
has bilateral symmetry, urticarial lesions are accompanied by additional elementary lesions, 
and/or the patient presents with additional systemic symptoms. Additionally, urticarial syn‐
dromes should be considered for patients with typical urticarial lesions that do not respond 
to systemic antihistamine treatment. Hyperpigmentation or bruising can be observed fol‐
lowing resolution of urticarial syndromes. Many cutaneous and systemic diseases can 
cause urticarial syndromes. Systemic causes of urticarial syndromes can affect multiple 
organ systems and may be accompanied by systemic symptoms such as fever, asthenia, and 
arthralgia. Clinicopathologic correlation is essential for the accurate diagnosis of urticarial 
syndromes. In this chapter, cutaneous and systemic etiologies of urticarial syndromes are 
reviewed.

Keywords: urticaria, common urticaria, urticarial syndromes, cutaneous urticarial 
syndromes, systemic urticarial syndromes

1. Introduction

Urticaria is a disease with a lifetime prevalence of 25–30% and is characterized by itchy 
 urticarial lesions and/or angioedema [1, 2]. Although its physiopathology is not well under‐
stood, cutaneous mast cells are the main causative factor that is responsible for the release of 
histamine and other mediators [3, 4]. The disease is divided into acute and chronic depending 
on whether the duration is less or more than 6 weeks. While acute urticaria is often limited 
and the cause can be determined in most patients, chronic urticaria is a long‐term disease, and 
further investigation is required in terms of accompanying disorders or autoimmunity [5]. The 
diagnosis of common urticaria is usually made easily. However, some difficulties in terms 
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of response to treatment, accompanying lesions, and systemic findings can be seen in some 
patients. Various disorders, both cutaneous and systemic, are included in the spectrum called 
urticarial syndrome (Table 1). In general, lesions lasting longer than 24–36 h, showing bilat‐
eral symmetric involvement, with elementary lesions other than urticaria and accompanying 
systemic symptoms should bring urticarial syndromes to mind. Clinicopathologic correlation 
is essential in the diagnosis of urticarial syndromes [1, 5]. Cutaneous and systemic disorders 
that may cause the urticarial syndrome will be reviewed in this section.

2. Cutaneous urticarial syndromes

Various skin disorders can cause urticarial lesions and can be confused with common urticaria.

2.1. Urticarial dermatitis

Urticarial dermatitis is a clinical picture where urticarial plaques and edematous lesions are 
combined and is usually seen in the elderly. Urticarial dermatitis is quite itchy and often 

Cutaneous urticarial syndromes Systemic urticarial syndromes

Urticarial dermatitis Vasculitides

• Urticarial vasculitis

• Other vasculitides

Contact dermatitis

Papular urticaria

Mastocytosis Immunologic disorders

• Connective tissue diseases

• SLE, Sjogren syndrome, dermatomyositis

• Juvenile rheumatoid arthritis

Exanthematous drug eruption

Autoimmune bullous disorders

• Bullous pemphigoid

• Gestational pemphigoid

• Linear IgA dermatosis

• Dermatitis herpetiformis

• Epidermolysis bullosa acquisita

Hematologic diseases

• Waldenstrom macroglobulinemia

• Schnitzler syndrome

• Hypereosinophilic syndromes

• Polycythemia vera

• Non‐Hodgkin lymphoma (B cell)

Pruritic urticarial papules and plaques of pregnancy

Rare cutaneous urticarial syndromes

• Autoimmune progesterone/estrogen dermatitis

• Wells syndrome

• Interstitial granulomatous dermatitis

• Neutrophilic eccrine hidradenitis

• Urticaria‐like follicular mucinosis

Autoinflammatory syndromes

• Hereditary periodic fever syndromes

• Cryopyrin‐associated periodic syndromes

• Other autoinflammatory syndromes

Table 1. Cutaneous and systemic urticarial syndromes.
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characterized by diffuse and symmetrical involvement of the body and proximal  extremities. 
Facial and palmoplantar region involvement is usually not present. Existing lesions may 
 persist for days or even weeks. Excoriations and lichenification due to the severe itching may 
be observed in time. It usually has a chronic relapsing course and spontaneous regression is 
very rare [5, 6]. Most pathologists describe urticarial dermatitis as a “dermal hypersensitivity 
reaction.” Papillary dermal edema and minimal epidermal spongiosis with superficial peri‐
vascular lymphocytic and eosinophilic infiltration are seen on histopathologic examination 
[6, 7]. While the etiologic agents most commonly held responsible are drugs, detecting the 
triggering agent can sometimes be difficult [6]. Low to moderate doses of systemic steroids 
can provide relief in patients’ resistant to topical steroids and systemic antihistamines [5, 8].

2.2. Contact dermatitis

Contact dermatitis (CD) develops after contact with allergic and/or irritant agents and is fairly 
common. The sensitizers that most commonly cause allergic CD are poison ivy, nickel, form‐
aldehyde, and fragrances that are included in many cosmetics. Irritant CD is also called non‐
immunologic contact dermatitis and is most commonly due to fragrances, flavoring agents, 
and preservatives [9–11]. While CD usually causes itchy eczematous lesions, urticarial lesions 
may rarely be seen due to dermal edema. The border between CD and contact urticaria is not 
clear. Dermal edema is seen more commonly in contact urticaria, and this is accepted as the 
most important difference with CD. Histopathologic investigation is usually not required in 
CU as it develops in the region that contacts the allergic and/or irritant agent. However, if 
performed, a spongiotic dermatitis picture characterized by a mixed inflammatory infiltrate 
formed of lymphocytes, histiocytes, and eosinophils is often observed in CD. Only dermal 
changes are seen in CU and epidermal spongiosis is not seen [12, 13]. A patch test and/or 
 specific IgE investigation is recommended to detect the agent causing the problem.

2.3. Papular urticaria

Papular urticaria is a kind of allergic hypersensitivity reaction developing after arthropod 
bites. It is most common in children at the age of 2–10 years [14]. It usually develops in open 
regions of the body such as the arms, lower leg, and face due to insect bites from fleas, mos‐
quitoes, or bedbugs especially in the summer [15]. The genital, perianal, and axillary regions 
are generally protected. Vesicles, excoriation, and post‐inflammatory hyperpigmentation can 
be gradually observed in the middle of the lesion that starts as an itchy papule. Mostly, acute‐
type localized insect bites have urticarial features [16]. Diagnosis is usually clinical but can 
rarely be confused with other disease such as varicella, miliaria rubra, and Gianotti‐Crosti 
syndrome [17]. Nonsedating antihistamines and moderate‐potency topical corticosteroids for 
itching are usually adequate for treatment [14].

2.4. Exanthematous drug eruptions

Exanthematous drug eruptions, also called morbilliform or maculopapular drug  eruptions, 
are the most common drug hypersensitivity reaction [18]. They are present in form of 
 erythematous fixed macules, papules, or wheal‐like lesions with a bilateral and symmetrical 
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 distribution especially on the body after an average of 1 week following drug administration. 
The lesions become confluent in time and improve by leaving transient hyperpigmentation 
while regressing [5]. The mucous membranes are usually not involved. However, the mucous 
membranes (oral, conjunctival, nasal, or anogenital) and skin appendages (hair and nails) 
may be involved in patients with severe drug eruption. Mild fever can be seen. The medica‐
tion history is essential in the diagnosis. Histopathologic diagnosis is not always required. 
Biopsy sometimes does not help in the diagnosis because it does not contain specific signs. 
Skin biopsy is generally recommended in the case of drug use that may cause a drug erup‐
tion, fever >38°C, and the presence of erythroderma, blisters, and purpura or pustules and 
mucous membrane involvement [19]. Discontinuing the suspected drug immediately is 
 recommended in the treatment. Topical corticosteroids and systemic antihistamines are rec‐
ommended for symptomatic treatment. However, short‐term moderate‐high dose (predni‐
sone 1–2 mg/kg/day) systemic corticosteroid treatment can be recommended in those with a 
severe  exanthematous drug reaction [20].

2.5. Cutaneous mastocytosis (Urticaria pigmentosa)

Mastocytosis is a group of disorders characterized by the accumulation of mast cells in one 
or more organs. It is divided into two main groups as cutaneous and systemic [21]. Urticaria 
pigmentosa (UP) is the most common type of cutaneous mastocytosis both in childhood and 
adulthood. It presents with brown macules and papules, especially in the trunk or limbs. 
However, it can be seen as an urticarial rash that can affect the entire body in children. 
Dermographism‐urticaria (Darier finding) development after skin rubbing is present in most 
cases [21, 22]. Healing is usually with post‐inflammatory hyperpigmentation. The number 
of lesions is variable. The most common symptoms are itching and flushing. However, bulla 
development, recurrent syncope, and even anaphylaxis can be seen. Regression in symp‐
toms is seen in the majority of the patients until adolescence with full improvement in 50% 
[23]. Although clinicopathologic correlation is recommended for the diagnosis, histopatho‐
logic characteristics may not always be obvious. The treatment is usually symptomatic in 
 children. Phototherapy is the primary treatment in widespread maculopapular lesions seen 
in adults [24].

2.6. Autoimmune bullous disorders

Bullous pemphigoid, gestational pemphigoid, linear IgA dermatosis, and epidermolysis  bullosa 
acquisita are disorders due to autoantibodies toward various basal membrane components 
and characterized by subepidermal bulla formation related to these antigens. Another  common 
characteristic of these disorders is the possibility of urticarial lesions.

2.6.1. Bullous pemphigoid

Bullous pemphigoid (BP) is an autoimmune bullous disorder that is especially observed in 
elderly people and often accompanied by severe itching. It presents with tense bullae follow‐
ing a prodromal stage lasting weeks or even months. Bulla development may not be observed 
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sone 1–2 mg/kg/day) systemic corticosteroid treatment can be recommended in those with a 
severe  exanthematous drug reaction [20].

2.5. Cutaneous mastocytosis (Urticaria pigmentosa)

Mastocytosis is a group of disorders characterized by the accumulation of mast cells in one 
or more organs. It is divided into two main groups as cutaneous and systemic [21]. Urticaria 
pigmentosa (UP) is the most common type of cutaneous mastocytosis both in childhood and 
adulthood. It presents with brown macules and papules, especially in the trunk or limbs. 
However, it can be seen as an urticarial rash that can affect the entire body in children. 
Dermographism‐urticaria (Darier finding) development after skin rubbing is present in most 
cases [21, 22]. Healing is usually with post‐inflammatory hyperpigmentation. The number 
of lesions is variable. The most common symptoms are itching and flushing. However, bulla 
development, recurrent syncope, and even anaphylaxis can be seen. Regression in symp‐
toms is seen in the majority of the patients until adolescence with full improvement in 50% 
[23]. Although clinicopathologic correlation is recommended for the diagnosis, histopatho‐
logic characteristics may not always be obvious. The treatment is usually symptomatic in 
 children. Phototherapy is the primary treatment in widespread maculopapular lesions seen 
in adults [24].

2.6. Autoimmune bullous disorders

Bullous pemphigoid, gestational pemphigoid, linear IgA dermatosis, and epidermolysis  bullosa 
acquisita are disorders due to autoantibodies toward various basal membrane components 
and characterized by subepidermal bulla formation related to these antigens. Another  common 
characteristic of these disorders is the possibility of urticarial lesions.

2.6.1. Bullous pemphigoid

Bullous pemphigoid (BP) is an autoimmune bullous disorder that is especially observed in 
elderly people and often accompanied by severe itching. It presents with tense bullae follow‐
ing a prodromal stage lasting weeks or even months. Bulla development may not be observed 
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in some patients. Pruritic eczematous and papular or urticaria‐like skin lesions are commonly 
observed in the prodromal period [25–27]. They may develop on a non‐inflammatory base or 
an urticarial‐erythematous base [28]. The body, extremity flexures, and axillary and inguinal 
folds are the main regions involved. Bilateral symmetrical involvement is usually present 
[25, 26, 28]. BP may not be considered in patients with a long‐term prodromal period. The 
gold standard in the diagnosis is histopathology and direct immunofluorescence. Detection 
of autoantibodies in the serum with indirect immunofluorescence has become the standard 
for the diagnosis at many centers [29].

2.6.2. Gestational pemphigoid

Gestational pemphigoid is a rare autoimmune skin disorder seen during pregnancy. It is 
 characterized by a severe itchy and bullous eruption due to damage in the basement 
 membrane of the skin by autoantibodies developing against placental BP180 (BPAG2/ 
collagen XVII) [30]. However, urticarial and eczematous lesions may be seen before and/or 
during bulla development in some cases. The onset is usually with severe itching around the 
belly. Red papules, urticarial plaques, or erythema multiforme‐like targetoid lesions develop. 
However, cases where the urticarial or targetoid lesions lasted longer have also been reported. 
Histopathology, direct immunofluorescence, and indirect immunofluorescence are important 
in the diagnosis [5, 29, 31].

2.6.3. Linear IgA bullous dermatosis

Linear IgA bullous dermatosis (LABD) is a mucocutaneous autoimmune subepidermal vesic‐
ulobullous disorder. Although the etiopathogenesis is not fully known, it is thought to be 
associated with drugs, infections, autoimmune diseases, gastrointestinal diseases, and malig‐
nancies [32, 33]. There can be clear or hemorrhagic lesions, tense vesicles, or bullae appearing 
on an erythematous or urticarial base [34]. When erythematous or urticarial lesions last a long 
time, the diagnosis of bullous disorders can be missed. The diagnosis is made with clinical, 
histopathologic, and immunologic data as in other autoimmune disorders.

2.6.4. Epidermolysis bullosa acquisita

Epidermolysis bullosa acquisita (EBA) is a rare acquired, chronic subepidermal bullous dis‐
ease of the skin and mucous membranes. It is characterized by antibodies developing against 
type VII collagen, which is the major component of anchoring fibrils. Clinical presentation is 
usually in the form of non‐inflammatory bullous lesions that improve with scarring and milia 
formation in trauma‐prone acral regions. However, in addition to the classic presentation, 
BP‐like presentation, cicatricial pemphigoid‐like presentation, Brunsting‐Perry pemphigoid 
presentation, and LABD‐like disease can also be seen. Urticarial lesions can be observed with 
various durations, especially with a BP‐like and LABD‐like presentation. Clinical, histopatho‐
logic, and immunologic investigations are required in the diagnosis. Colchicine, dapsone, 
plasmapheresis, photopheresis, infliximab, and intravenous immunoglobulin are the most 
commonly used treatment agents. However, treatment satisfaction is usually low [5, 35].
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2.7. Pruritic urticarial papules and plaques of pregnancy

Pruritic urticarial papules and plaques of pregnancy (PUPPP) is the itchiest dermatosis of 
pregnancy. PUPPP is seen in the form of erythematous, urticarial plaques, and papules and 
usually starts from the abdomen and extends to the thighs, legs, back, buttocks, arms, and 
breasts. However, the periumbilical region is protected. The lesions usually regress within 6 
weeks in the postpartum period [36, 37]. In addition to erythematous and urticarial plaques, 
targetoid and vesicular lesions can be seen in approximately half of the patients as the disease 
progresses. Moisturizers, topical corticosteroids, and antihistamines can be recommended for 
symptomatic relief in patients with severe itching [36].

2.8. Rare cutaneous urticarial syndromes

Autoimmune progesterone/estrogen dermatitis, interstitial granulomatous dermatitis, eosin‐
ophilic cellulitis (Wells syndrome), neutrophilic eccrine hidradenitis (NEH), and urticaria‐like 
follicular mucinosis are rare cutaneous urticarial syndromes.

2.8.1. Autoimmune progesterone/estrogen dermatitis

Autoimmune progesterone dermatitis (APD) is a rare dermatosis that causes  inflammation 
at the luteal phase of the menstrual cycle and presents with several skin findings. Skin 
signs include urticarial, eczematous and vesiculopustular eruption, targetoid lesions, and 
 angioedema [38, 39]. Urticaria is seen in about half of patients [5]. There is no specific 
 diagnostic test. A history of premenstrual exacerbation, prevention of lesions with ovulation 
inhibition, and a positive reaction to intradermal progesterone injection are helpful in the 
diagnosis [39]. Autoimmune estrogen dermatitis has also been identified in the literature but 
only in low numbers [5].

2.8.2. Interstitial granulomatous dermatitis

Interstitial granulomatous dermatitis (IGD) is a rare dermatosis and accepted as a separate 
histopathologic entity [40]. Papules, nodules, plaques, and an urticarial rash can be observed 
in the disorder that is more common in women and the elderly people. Of the cases identified 
until today, two‐thirds have had a chronic course and the remaining a recurrent and episodic 
course. Recognizing IGD is quite important in order to indicate the underlying autoimmune 
disorders [5, 40]. Clinicopathological correlation is essential for the diagnosis.

2.8.3. Wells syndrome (eosinophilic cellulitis)

Wells syndrome is a rare dermatosis that presents as acute, recurrent, itchy, erythematous, 
and edematous lesions [41]. Although it brings bacterial cellulitis to mind first in the clinic, 
not responding to systemic antibiotics is an important indicator in the diagnosis. Another 
 differential diagnosis is urticaria due to the presence of urticarial lesions. In addition to  bacterial 
cellulitis and urticaria, it can be confused with insect bite, contact dermatitis,  angioedema, and 
hypereosinophilic syndrome [42]. Clinicopathologic correlation is important in the diagnosis. 
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Dermal edema, eosinophilic dermal infiltration, and free eosinophilic granules coating collagen 
bundles (“flame figures”) are observed histopathologically. However, the histopathologic 
signs change in time. Peripheral eosinophilia may also be present in the acute phase [41, 42].

2.8.4. Neutrophilic eccrine hidradenitis

Neutrophilic eccrine hidradenitis (NEH) is a very rare dermatosis seen in patients with malig‐
nancy or those receiving chemotherapy. The majority of the cases are acute myelogenous 
leukemia patients receiving chemotherapy [43]. It clinically presents with fixed erythematous 
and edematous papules and plaques. It is usually accompanied by fever. Histopathologic 
signs are important in the diagnosis. It is histopathologically characterized by neutrophilic 
infiltration accompanied by necrosis around eccrine glands and secretory coils. No specific 
treatment is required as it is usually self‐limiting. However, systemic corticosteroid treatment 
has been reported to shorten the duration of the lesions and the fever [5, 44].

2.8.5. Urticaria‐like follicular mucinosis

Urticaria‐like follicular mucinosis (ULFM) is a very rare disease that presents with itching, 
urticarial papules, and plaques on an erythematous base, usually in the head and neck. It is 
usually seen in middle‐aged men. Spontaneous improvement is common. However, recur‐
rence can be seen. Histopathological characteristics are important in the diagnosis. Cystic 
spaces filled with mucin in the outer sheath of hair follicles are histologically seen [45].

3. Systemic urticarial syndromes

In addition to skin disorders, many systemic diseases can cause urticarial lesions. The differen‐
tial diagnosis with ordinary urticaria should consider that systemic urticarial syndromes may 
cause elementary skin lesions such as papules, vesicles, hemorrhages, necrosis, and crusts in 
addition to urticarial skin lesions and also many systemic symptoms such as fever,  asthenia, 
and arthralgia. Lesions usually last longer than 24–36 h, show bilateral and  symmetrical 
 distribution, and recover with hyperpigmentation and bruising [46, 47]. Systemic diseases 
causing urticarial skin lesions will be reviewed in this section.

3.1. Vasculitides

3.1.1. Urticarial vasculitis

Urticarial vasculitis (UV) is a separate clinicopathologic entity characterized by recurrent 
urticarial episodes, histopathologically showing leukocytoclastic vasculitis characteristics 
[48]. It is the most common clinical picture causing systemic urticarial syndrome. UV has 
been reported in 2–20% of the patients diagnosed with chronic urticaria [49]. It causes  painful 
and burning skin lesions rather than itching. Urticarial lesions continue longer than 24–36 h.  
Central clearing of lesions is seen in time and they are accompanied by palpable purpura. 
Necrosis and ulceration are less common skin findings [50]. The lesions regress with a residual 
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hyperpigmentation [47, 51]. Histopathology is essential in the diagnosis. The correct choice of 
the lesion is important in order to reveal true vasculitic changes. Leukocytoclastic vasculitis 
of the small dermal vessels characterized by a neutrophilic perivascular infiltrate, the typical 
findings for UV, is observed in fully developed lesions. Additionally, neutrophil fragmenta‐
tion, nuclear dust, erythrocyte extravasation, and fibrin deposition in and around the vessels 
are observed [50, 52].

Urticarial vasculitis is mostly idiopathic. However, an association with various drugs, sun, 
cold, connective tissue diseases, infections, and various malignancies (paraneoplastic) has 
been identified [50, 51, 53]. Among connective tissue diseases, it is most commonly seen with 
systemic lupus erythematosus (SLE) [53]. The most common laboratory findings in idiopathic 
UV are elevation of the erythrocyte sedimentation rate and reduction of serum complement 
levels [48]. UV is divided into two groups as mainly normocomplementemic UV (NUV) and 
hypocomplementemic UV (HUV), based on complement levels [51, 54]. Systemic involvement 
is usually absent or minimal and the prognosis is better in NUV patients. However, there is a 
propensity to more severe multi‐organ involvement in HUV patients [48]. The most common 
systemic manifestations are in the joints, kidneys, and lungs [52, 54]. Gastrointestinal and 
neurologic involvement can also be seen [50, 52]. Antinuclear antibody (ANA) positivity has 
also been reported in up to 78% of HUV patients [52, 54].

Several agents are used for UV treatment and the treatment response is variable. Systemic 
corticosteroids are the basis of the treatment in UV where antihistamines are usually not suf‐
ficient. UV can be controlled with prednisone at a dose of 1 mg/kg/day but can recur after the 
dose is decreased. Steroid‐sparing agents are used in the treatment to avoid the side effects of 
long‐term corticosteroids. Dapsone, colchicine, hydroxychloroquine, mycophenolate mofetil, 
interferon‐alpha, cyclosporine A, azathioprine, cyclophosphamide, rituximab, intravenous 
immunoglobulins, anakinra, and plasmapheresis are treatment agents that can be used alone 
or in combination with corticosteroids [50–52].

3.1.2. Other vasculitides

Urticarial lesions can be seen in the Churg‐Strauss syndrome, Wegener granulomatosis, and 
polyarteritis nodosa, which are characterized by vasculitis.

The Churg‐Strauss syndrome is a rare allergic granulomatous polyangiitis that usually affects 
middle‐aged men. The most common sign is asthma. However, hay fever, rash, gastrointes‐
tinal bleeding, and pain can also be seen. Urticarial lesions have been identified in less than 
10% of the patients [55].

Polyarteritis nodosa (PAN) is a vasculitis affecting medium‐sized vessels and is very rare. 
Although it can affect any tissue in the body, it most commonly affects the muscles, joints, 
 intestines, nerves, and skin. Urticarial lesions have been identified in about 6% of PAN 
patients [56].

3.2. Immunologic disorders

Many immunologic disorders can cause urticarial lesions. Connective tissue diseases and 
mainly SLE, Sjogren syndrome, dermatomyositis, and mixed connective tissue disease are 
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important among these. It is important to know that urticarial lesions can also be seen in addi‐
tion to the existing lesions in connective tissue diseases. Although rare, urticarial lesions can 
also be present in juvenile rheumatoid arthritis [51].

3.3. Hematologic diseases

A wide variety of hematologic diseases can cause urticarial lesions.

3.3.1. Schnitzler syndrome

Schnitzler syndrome is characterized by an urticarial rash and monoclonal gammopathy 
 clinically and neutrophil‐mediated inflammation histologically [57]. An urticarial rash and 
usually IgM but rarely IgG monoclonal gammopathy are present with a chronic pattern in 
all the patients. Recurrent fever, bone or joint pain, increased bone density, hepato‐ or sple‐
nomegaly, lymphadenopathy, and elevated acute‐phase reactants are also accepted as minor 
criteria [58]. Approximately, 300 cases have been identified in the literature [57]. Risk of devel‐
oping a lymphoproliferative disorder at an approximate rate of 15% has been reported in the 
10‐year follow‐up, although the syndrome usually has a benign course. The most commonly 
developing lymphoproliferative disease is Waldenstrom macroglobulinemia. Treatment is 
usually unsatisfactory, but high doses of corticosteroids, systemic antihistamines, oral cyclo‐
sporine, intravenous pulse cyclophosphamide, and pefloxacin mesylate are the therapeutic 
agents used [58].

3.3.2. Waldenstrom macroglobulinemia

Waldenstrom macroglobulinemia is a chronic indolent lymphoproliferative disorder [59]. 
Increased levels of IgM paraprotein in the circulation and infiltration of the bone marrow with 
lymphocytes and plasma cells are seen. Urticarial lesions can be seen in addition to purpura, 
edema, and ulceration [60].

3.3.3. Hypereosinophilic syndromes

This is a group of myeloproliferative disorders characterized by multiple organ damage 
caused by persistent eosinophilia. It is more common in young and middle‐aged patients but 
can be seen at any ages. Their classification is complicated. Three factors are mainly included 
in the diagnostic criteria. These are eosinophilia longer than 6 months (>1500/μl), no iden‐
tifiable etiology for eosinophilia, and signs and symptoms of organ involvement. The most 
commonly involved organs are the skin, heart, lungs, and the central and peripheral nervous 
systems. Skin findings are usually common and are in the form of eczematous, urticarial, and 
angioedema‐like findings [61, 62].

3.4. Autoinflammatory syndromes

Autoinflammatory syndromes are a group of heterogeneous single‐gene disorders  causing 
recurrent febrile episodes and inflammatory cutaneous, mucosal, serosal, and osteoarticular 
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manifestations [63, 64]. No infectious, autoimmune, or neoplastic reason has been shown. 
Excessive activation of the interleukin 1 beta (IL‐1β) pathway is most commonly held 
 responsible in the etiopathogenesis [64].

Many syndromes such as familial Mediterranean fever (FMF), Tumor necrosis factor (TNF) 
receptor‐associated periodic syndrome, hyperimmunoglobulinemia D with periodic fever 
syndrome (HIDS), and cryopyrin‐associated periodic syndromes have been identified among 
the autoinflammatory syndromes. A monogenic defect has been found but only in some of 
these  disorders. However, all have been included within the autoinflammatory syndromes as 
they show  similar inflammatory features [63].

Autoinflammatory syndromes mostly start in infancy or during childhood. Although most 
cases are familial, some are sporadic. Recurrent episodes of inflammation with fever, eleva‐
tion in acute‐phase reactants, and skin rash can be seen in the absence of an infectious or auto‐
immune etiology. Although joint and skin involvement can be seen in various forms, fever is 
almost always present. These symptoms can also be accompanied by systemic findings such 
as abdominal pain, myalgia, ocular involvement, serositis, amyloidosis, and  neurological 
signs [63, 65].

The skin signs show variety. Urticarial lesions are the predominant skin signs, especially 
in cryopyrinopathies, and occur in the first year of life. They are more commonly seen as 
 erysipelas‐like plaques in the lower extremities in FMF. Erythematous macules and urticarial 
lesions are seen in HIDS [51, 65].

Autoinflammatory disorders can pose a significant challenge for primary care physicians, 
pediatricians, dermatologists, rheumatologists, and infectious disease specialists in terms of 
wide‐ranging clinical spectrum. A perivascular and interstitial neutrophil‐rich infiltration 
suggesting neutrophilic urticarial dermatoses is observed in the histopathologic evaluation 
of skin lesions. Leukocytoclastic vasculitis‐like signs can also be seen [65, 66]. However, these 
signs are not specific. The diagnosis of autoinflammatory disorders is usually made with the 
clinical features and then supported by either genetic testing or the patient’s response to IL‐1 
inhibition or other specific therapies [63].

4. Conclusion

Ordinary urticaria is a clinical picture frequently encountered by dermatologists and usu‐
ally presents no diagnostic difficulty. However, cutaneous and systemic urticarial syndromes 
should be considered in the case of persistence of urticarial lesions, bilateral and symmetri‐
cal location, healing with hyperpigmentation or bruising, the presence of other elementary 
lesions, not responding to systemic antihistamines, and being accompanied by systemic find‐
ings. The differential diagnosis of ordinary urticaria and urticarial syndromes is not easy. 
A detailed clinical evaluation should therefore be performed. Clinicopathologic correlation 
and, if necessary, further studies should be conducted in the presence of findings suggesting 
urticarial syndromes.
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Abstract

Hereditary angioedema (HAE) is an autosomal dominantly inherited orphan disease 
manifested by recurrent unpredictable nonpitting and nonpruritic swelling attacks with‐
out urticarial plaques. HAE is caused by a deficiency of the C1 esterase inhibitor (C1‐inh) 
or decreased function of C1‐inh. Type 1 HAE, the most common form, occurs due to 
C1‐inh deficiency and is seen with low‐serum C1‐inh levels. In type 2 HAE, the function 
of C1‐inh is impaired, and in HAE with normal C1‐inh serum levels, the function of C1‐
inh is normal. HAE episodes can affect various sites in the body such as the larynx, face, 
extremities, gastrointestinal tract, and urogenital area. Acute episodes can be treated with 
C1‐inh concentrates, a kallikrein inhibitor, called ecallantide and bradykinin B2 receptor 
antagonist, icatibant. Depending on the frequency, severity, and location of the episodes, 
long‐term prophylaxis regimens with plasma‐derived C1‐inh concentrates, antifibrino‐
lytics, or 17α‐alkylated androgens can be used. C1‐inh concentrates or 17α‐alkylated 
androgens should be administered before dental procedures and minor or major surgical 
interventions to provide short‐term prophylaxis. In conclusion, HAE is a rare life‐threat‐
ening disease of which clinical presentation is highly variable and early accurate diagno‐
sis significantly prevents mortality and morbidity.

Keywords: hereditary angioedema, C1‐inhibitor, bradykinin, complement, orphan 
disease

1. Introduction

Hereditary angioedema (HAE) is a rare disease, clinically characterized by recurrent unpredict‐
able nonpitting and nonpruritic swelling episodes involving different mucosal or cutaneous 
surfaces of the body such as the larynx, face, extremities, gastrointestinal tract, and urogenital 
area [1]. In the late 1880s, Osler described the hereditary feature of angioedema for the first 
time [2]. In the 1960s, a deficiency in a type of serine proteinase inhibitor, C1 esterase inhibi‐
tor (C1‐inh), was discovered as the cause of HAE, and a few years later, the second form was 
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defined as non‐functioning C1‐inh. These diseases are called type I and type II HAE, respec‐
tively [3, 4]. These laboratory abnormalities in C1‐inh are the result of the mutations found 
in the C1‐inh gene called SERPING1 [5]. In the 2000s, a third form of HAE was defined and 
in these patients characteristic clinical signs and symptoms are seen; however, the level and 
the function of C1‐inh are normal with no mutations on the SERPING1 gene [6, 7]. However, 
mutations in the F12 gene were found in approximately 25% of these patients. A strong asso‐
ciation between this type of HAE and conditions causing increased levels of estrogen such as 
pregnancy and the usage of oral contraceptives was determined [7, 8]. Therefore, at first, this 
type was called estrogen‐dependent or type III hereditary angioedema [6]. After affected male 
relatives were reported, it was renamed as hereditary angioedema with normal C1‐inh [9].

HAE is rarely seen, and its estimated prevalence ranges from 1:30,000 to 1:80,000 in the gen‐
eral population [10]. The most common form of HAE is the first type, which is responsible 
for 85% of the patients [10]. HAE is an autosomal dominant disease generally affecting all 
generations in a family, although a quarter of patients do not have a family history. Patients 
are similarly affected independent of gender and ethnicity [11]. Mortality rates range from 14 
to 33% mostly because of poorly treated laryngeal episodes, which indicates the significance 
of early diagnosis and appropriate management [12, 13].

2. Clinical presentation

Symptoms primarily develop when the serum level of C1‐inh is below 35% but are not usually 
correlated with serum C1‐inh levels. Symptoms can be expected from birth in a heterozygote 
individual with a serum level of C1‐inh around 50% [14]. Although signs and symptoms can 
start at any age, including after 70, they are primarily seen starting around the second decade 
of life when the level of C1‐inh usually decreases and then continues to occur lifelong [14, 15].

Angioedema episodes can affect any cutaneous or mucosal sites of the body such as the face, 
larynx, extremities, gastrointestinal tract, and urogenital area [1]. A typical HAE episode 
worsens within the first 24 h, begins to improve after 48–72 h, and lasts approximately 72–96 h  
[11, 14]. Apart from visible angioedema, fluid extravasation on the gastrointestinal tractus 
through the intestinal wall or peritoneum leads to abdominal pain attacks. Nausea and emesis 
may accompany them [16]. The majority of the patients experience gastrointestinal angio‐
edema during their lives and the abdominal attacks accompany 50% of the overall attacks [17]. 
Due to these abdominal attacks, unnecessary operations like appendectomy and diagnostic 
laparotomy are sometimes performed [16]. Fever or leucocytosis is not observed during a typi‐
cal attack unless the cause is an infection [18]. Sometimes, fluid extravasation can be so severe 
that it causes hypotension or ascites [19]. The most severe complication is angioedema in the 
larynx and/or oropharynx, which can prevent air passage leading to asphyxiation or even 
death. Fortunately, this seems less frequent [16]. More than 50% of the patients experience 
laryngeal edema at least once in their lifetime [20].

Although the precipitating factors of attacks are not well determined in all attacks, some 
 episodes of HAE can be triggered by factors such as stress, trauma, infection, angiotensin‐ 
converting enzyme inhibitors (ACEIs), estrogen‐containing hormones, oropharyngeal  surgery, 
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and minor medical procedures like tooth extraction [21–23]. Sometimes, the usage of ACEI 
or estrogen‐containing drugs can trigger the symptoms in patients with a silent disease [14]. 
Prodromal symptoms can precede the attacks; the most frequent symptoms are erythema 
marginatum, which is a nonurticarial erythematous rash and tingling on the angioedema site. 
Fatigue, malaise, irritability, hyperactivity, mood changes, and nausea are other preceding 
 factors [21, 24].

The severity of HAE is variable and usually unpredictable. While some patients do not expe‐
rience any attacks in their lives, others experience swelling up to twice a week. Similarly, 
the attacks of some patients can be so severe that treatment in an intensive care unit may 
be needed while the attacks of other patients can be so mild that treatment is unnecessary 
[15, 17]. The disease severity and the course of the disease cannot be predicted according to 
the initial symptoms [9].

Types I and II HAE are very similar in their clinical presentation; however, HAE with nor‐
mal C1‐inh differs from the other two types with respect to some features. In HAE with 
normal C1‐inh, abdominal attacks are less frequently seen and angioedema on the face, lips, 
and tongue are the major symptoms. It predominantly affects females, rarely starts under 
the age of 10, symptoms recur less frequently, and asymptomatic intervals are more com‐
mon [21].

3. Pathogenesis

C1‐inh is a broad‐spectrum serine proteinase inhibitor, which regulates the activity of various 
proteases comprising those of the contact system, the intrinsic coagulation pathway, and the 
fibrinolytic pathway [5]. C1‐inh is produced primarily in the liver and inhibits the plasma kal‐
likrein, a type of protease that cleaves high‐molecular‐weight kininogen (HMWK) to produce 
bradykinin and also inhibits activated coagulation factor XII (FXII), which in turn enhances 
the activation of the contact system by activating the plasma kallikrein [10].

Trauma as well as surgical interventions causing a negatively charged endothelial surface 
and a deficiency in the serum level of C1‐inh leads to the development of FXIIa in significant 
amounts. FXIIa induces the transformation of prekallikrein to kallikrein, which in turn leads 
to the cleavage of high‐molecular‐weight kininogen to bradykinin [10, 14] (Figure 1).

The major mediator responsible for angioedema is a type of nanopeptide called bradykinin. 
Bradykinin is formed secondary to the activation of the contact system. It leads to an increase 
in vascular permeability by binding to the B2 receptor on the vascular endothelial cells, and 
this in turn causes the development of edema, ascites, and hypotension [25, 26].

C1‐inh is encoded by the SERPING1 gene which is located on the 11th chromosome. Around 
300 different mutations of the SERPING1 gene were identified in both type I and type II HAE 
patients. Approximately a quarter of patients with C1‐inh deficiency do not have a family his‐
tory, indicating the occurrence of de novo mutations. In type I HAE, various types of muta‐
tions involving nonsense, missense, insertion, or deletion mutations developed throughout 
SERPING1 leading to a decrease in the serum level of C1‐inh [10, 27]. By contrast, almost all 
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of the mutations in type II HAE are missense at or near the active site causing the  production 
of a defective protein, which cannot act properly [10]. In patients with HAE with normal 
C1‐inh, the SERPING1 gene is not mutated, but in some of these patients mutations on the 
FXII gene, which is located on the fifth chromosome, can be detected. The pathomechanism 
of angioedema in these patients is not well defined. One of the detected mutations on factor 
XII leads to a gain of function, which is thought to cause the increase in the production of 
bradykinin [28]. However, this hypothesis was not confirmed in another study [29]. Since 
bradykinin antagonist drugs are effective in uncontrolled patients, it can be assumed that 
this type of angioedema is also bradykinin mediated [10].

4. Diagnosis

Low awareness of the disease among both doctors and the public can lead to more than a 10‐
year delay in the diagnosis and also result in a misdiagnosis such as allergies, systemic lupus 
erythematosus, and appendicitis [30–32]. HAE patients usually have a typical medical history 
with episodes of angioedema without urticarial plaques on their skin and/or abdominal pain 
attacks without inflammatory signals. Such a clinical presentation accompanied by a family 
history is highly suggestive of the diagnosis, but laboratory tests are recommended to  confirm 

Figure 1. The role of C1‐inh in the plasma cascade and complement pathway and the pathogenesis of the HAE [14]. 
(With permission from Massachusetts Medical Society).
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the diagnosis [9]. Serum C4 level is the screening test for HAE, which is decreased both dur‐
ing and between episodes in almost all of patients (98%). Interestingly, C4 can seldom be 
observed at a normal level between episodes [20]. Serum C1 and C3 levels are not affected by 
the disease. If C4 levels are normal during an episode, the diagnosis of type I, type II HAE, 
and acquired angioedema is excluded. After measuring C4, C1‐inh must be measured in the 
serum to accurately diagnose the HAE type. In type I HAE, both serum C1‐inh and C4 levels 
are detected below the normal ranges (the reference range of C4 is 15–50 mg/dl and of C1‐inh 
is 16–33 mg/dl), whereas in type II HAE serum C1‐inh is normal but the function of C1‐inh is 
impaired. These tests can indicate a false negative in children younger than one, so the tests 
must be repeated to confirm the diagnosis [9]. In the third HAE type, HAE with normal C1‐
inh, serum C4‐ and C1‐inh levels are normal and the diagnosis is challenging. Its diagnosis 
depends on recurrent angioedema attacks without urticaria or abdominal pain attacks and 
possibly a family history. However, clinical presentation is highly variable, which often leads 
to a misdiagnosis, and genetic tests including FXII mutations rarely support the diagnosis 
[33]. In Table 1, differential diagnoses of angioedema including both hereditary and sporadic 
diseases based on laboratory are shown.

5. Management

Angioedema and abdominal pain episodes do not respond to antihistamines, corticosteroids, 
and epinephrine, which are effectively used in histaminergic angioedema. The manage‐
ment of HAE comprises prophylaxis and treatment of acute attacks [35]. Moreover, patients 
should be educated about their disease and some preventive measures must be taken, such as 

Type of angioedema C1‐inh antigenic level C1‐inh functional level C4 level C1q level

HAE‐1 Low Low Low Normal

HAE‐2 Normal Low Low Normal

HAE with normal 
C1‐inh

Normal Normal Normal Normal

ACID Low Low Low Low

Angioedema due to 
ACEI

Normal Normal Normal Normal

Nonclassified 
angioedemaa

Normal Normal Normal Normal

ACEI, angiotensin‐converting enzyme inhibitor; ACID, acquired angioedema due to C1‐inh deficiency; HAE‐1, 
hereditary angioedema type I (due to C1‐inh deficiency); HAE‐2, hereditary angioedema type II (due to C1‐inh defect); 
C1‐inh, C1 inhibitor.
Rightslink® by Copyright Clearance Center https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&cont
entID=S1081120612008125&orderBeanReset=true
aNonclassified implies that no cause has been identified [34]. http://dx.doi.org/10.1016/j.anai.2012.10.008

Table 1. Differential diagnosis of angioedema according to laboratory results [34].
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 avoiding known triggering factors like estrogen‐containing pills and ACEI [30]. All patients 
are at risk for life‐threatening episodes independent from their previous attacks. Therefore, 
all patients should have a written action plan that includes what to do in a severe attack [21].

5.1. Treatment of acute attacks (on‐demand treatment)

For the treatment of acute attacks, C1 inhibitor concentrates, B2 receptor antagonist, icatibant, 
and an inhibitor of kallikrein synthesis, ecallantide, are used (Table 2, Figure 1) [34].

The faster intervention leads to a quicker response; therefore, patients should be treated as 
early as possible in attacks [21]. If these drugs cannot be provided in a health‐care facility, 
fresh‐frozen plasma can be substituted. However, it can possibly worsen an attack because of 
the presence of bradykinin in the plasma [36]. Furthermore, symptomatic treatment including 
intravenous fluid replacement, anti‐emetics, and analgesics can be effective in relieving the 
symptoms [14]. Patients experiencing angioedema in the oropharyngeal or laryngeal region 
should be closely observed for the possibility of the impairment of the air passage since tra‐
cheostomy or intubation may be needed [21].

Drug EMA and FDA 
indications

Recommended dosage Mechanism Potential adverse 
effects

Plasma‐derived 
nanofiltered C1‐inh

Berinert‐P® Acute attacks 20 U/kg IV Deficiency 
replacement

Theoretical: 
transmission of 
infectious agent

Cinryze® Long‐term 
prophylaxis in the 
US and Europe
Short‐term 
prophylaxis and on 
demand in Europe

1000 U IV every 3–4 
days

Deficiency 
replacement

Theoretical: 
transmission of 
infectious agent

Recombinant human 
C1‐inh (Rhucin®)

Acute attacks 50 U/kg IV Deficiency 
replacement

Uncommon: risk 
of anaphylaxis in 
rabbit‐sensitized 
individuals

Ecallantide Acute attacks 30 mg SC (administered 
as three injections of 10 
mg/ml each)

Inhibits plasma 
kallikrein

Uncommon: antidrug 
antibodies, injection‐
site reactions, risk of 
anaphylaxis

Icatibant Acute attacks 30 mg SC Bradykinin B2‐
receptor antagonist

Common: injection‐
site reactions

EMA, European Medicines Agency; FDA, Food and Drug Administration; IV, intravenous; SC, subcutaneous [34]. http://
dx.doi.org/10.1016/j.anai.2012.10.008.
Rightslink® by Copyright Clearance Center https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&cont
entID=S1081120612008125&orderBeanReset=true

Table 2. Drugs used for acute attacks in HAE [34].
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5.2. C1‐inh concentrates

There are three kinds of C1‐inh concentrates: Cinryze® (Shire ViroPharma Inc., Lexington, 
USA) and Berinert® (CSL Behring GmbH, Marburg, Germany) are both plasma‐derived C1‐
inh, and Ruconest® (Pharming, Leiden, Netherlands) is a recombinant human C1‐inh and was 
approved in 2014 by the Food and Drug Administration (FDA). Plasma‐derived C1‐inh con‐
centrates have been widely used for many years and carry the potential risk of contamination 
of pathogens as in the case with other plasma‐derived products [37]. The recombinant human 
C1‐inh was produced as an alternative and has been used to treat angioedema attacks for a 
few years in some countries. The studies evaluating the efficacy of this drug in acute attacks 
of HAE showed that it rapidly improves the episodes and it is well tolerated with headache 
and nausea as the most common adverse effects [38–41].

In a recently published review, it was observed that weight‐adjusted doses of 20‐U/kg plasma‐
derived C1‐inh concentrates lead to more rapid improvement in symptoms within 15 min 
than the standard 500‐U dose of the drug that works in 30–45 min. Moreover, approximately 
30% of the laryngeal attacks treated with 500‐U plasma‐derived C1‐inh need a second dose 
while patients with laryngeal edema treated with a 20‐U/kg dose do not require an additional 
dose. Therefore, a 20‐U/kg‐dosing regimen induces a quicker and more effective response [42].

5.3. Icatibant

Icatibant is a potent bradykinin B2 receptor antagonist. After application, symptoms begin 
to resolve within 30–45 min, an improvement of symptoms occurs in an average of 1.16 h, 
and 7–14% of patients with laryngeal edema need a second dose of the drug [42, 43]. It has 
some advantages including its subcutaneous application, its ready form, and preservation in 
room temperature. Therefore, it can be easily carried and taken by the patient. Disadvantages 
include side effects like pain at the injection site and a short half‐life, which can lead to 
rebound attacks [9].

5.4. Ecallantide

Ecallantide is a recombinant protein and a potent kallikrein inhibitor [44]. It effectively 
improves acute angioedema attacks and is used subcutaneously like icatibant, but it is a 
frozen product and has a short half‐life. Ecallantide was licensed for patients 16 years old 
and older at first but recently was approved for those 12 years and older [45]. It leads to an 
improvement in symptoms within approximately 93 min and 10% of the patients treated with 
laryngeal edema need a second dose [46]. Although ecallantide is generally well tolerated, 
anaphylaxis was observed in 4% of the patients, so it is not approved for self‐administration 
and has a warning sign on its box [47].

5.5. Long‐term prophylaxis

Determining if patients are in need of long‐term prophylaxis can be a compelling problem for 
physicians. The decision depends on the frequency, severity, and location of the episodes, the 
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presence of comorbidity, access to emergency medical attention, and the patient’s preference. 
According to a previous consensus report, patients who have attacks more than once a month, 
who have attacks more than 5 days in a month, and those with a history of obstruction of the 
respiratory airways should take a long‐term prophylaxis [20]. In the years that followed with 
the approval for self‐administration of icatibant, the human C1‐inhibitors in some countries 
provided appropriate control of attacks and less need for long‐term prophylaxis [48].

Anabolic steroids (17α‐alkylated androgens), antifibrinolytics, and C1‐inh concentrates can 
be utilized for this purpose (Table 3).

17α‐alkylated androgens leading to an increase in the serum level of C1‐inh decrease the 
severity and frequency of episodes in most patients, but they have adverse effects [49, 50]. 
Both adverse effects and the efficacy of 17α‐alkylated androgens are dose‐dependent; there‐
fore, adjustment of the minimum dose, which is both protective against severe attacks and 

Drug Recommended dosage 
for adults (usual, 
range)

Recommended dosage 
for children (usual, 
range)

FDA approved/HAE 
indication

Adverse effects

17‐α alkylated 
androgens

Common: weight gain, 
virilization, acne, altered 
libido, muscle pains, 
and cramps, headaches, 
depression, fatigue, 
nausea, constipation, 
menstrual abnormalities, 
and increase in liver 
enzymes, hypertension, 
alterations in lipid profile
Unusual: decreased 
growth rate in children, 
masculinization of the 
female fetus, cholestatic 
jaundice, peliosis hepatis, 
and hepatocellular 
adenoma

Danazol Minimal effective 
dose does not exceed 
200 mg/day

Not recommended; if 
absolutely necessary 
do not exceed 2.5 mg/
kg/day (50 mg/week 
to 200 mg/day)

Yes/yes

Stanozolol Minimal effective 
dose does not exceed 
2 mg/day

0.5 mg/day (0.5 mg/
week to 2 mg/day)

Yes/yes

Oxandrolone Minimal effective 
dose does not exceed 
10 mg/day

0.1 mg/kg/day (2.5 
mg/week to 7.5 mg/
day)

Yes/no

Antifibrinolytics

ε‐Aminocaproic 
acid

2 g three times daily 
(1 g twice daily to 4 g 
three times daily)

0.05 g/kg twice daily 
(0.02 g/kg twice daily 
to 0.1 g/kg twice 
daily)

Yes/no Common: nausea, 
vertigo, diarrhea, postural 
hypotension, fatigue, 
muscle cramps with 
increased muscle enzymes
Unusual: enhanced 
thrombosis

Tranexamic acid 1 g twice daily (0.25 
g twice daily to 1.5 g 
twice daily)

20 mg/kg twice daily 
(10 mg/kg twice daily 
to 25 mg/kg three 
times daily)

Yes/no

aRegistration and availability of these drugs differ from country to country. FDA, Food and Drug Administration; HAE, 
hereditary angioedema [34]. http://dx.doi.org/10.1016/j.anai.2012.10.008
Rightslink® by Copyright Clearance Center https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&cont
entID=S1081120612008125&orderBeanReset=true
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cause fewer side effects, is crucial and varies from patient to patient [21]. Treatment with 
17α‐alkylated androgens can be started with a high dose that can be reduced to reach the 
most effective but least harmful dose. The most frequent adverse effects of the 17α‐alkylated 
androgens are menstrual irregularities, changes in libido, hirsutism, acne, changes in mood, 
weight gain, myalgia, erythrocytosis, increased blood pressure, and abnormalities in lipid 
profiles [51, 52]. Less commonly, these drugs can lead to hepatotoxicity involving hepatic 
adenomas and hepatic carcinoma [53, 54]. Because of these adverse effects, patients should be 
periodically monitored by blood count, liver enzyme, lipid profiles, and liver ultrasound [14]. 
Moreover, the attenuated androgens lead to the closure of epiphyseal cartilage prematurely 
[55]. Stanozolol is used more commonly in some European countries since it was observed to 
cause fewer side effects and is more effective as well as it is approved for children’s use in the 
US [10, 56]. 17α‐alkylated androgens are relatively contraindicated in patients with prostate or 
breast cancer, known hepatic dysfunction, children, and pregnant women [57, 58]. Because of 
these side effects, they are no longer authorized in German‐speaking European countries [48].

Antifibrinolytics including ε‐aminocaproic acid and tranexamic acid are helpful in treating 
HAE by inhibiting the production of plasmin from plasminogen [55]. Although they have few 
side effects involving most commonly nausea, vomiting, and diarrhea, which are dose‐depen‐
dent, they are not as effective as androgens. In some earlier studies, antifibrinolytics were 
observed to decrease the frequency of attacks; however, in a recently published study, no dif‐
ferences were detected between groups with and without antifibrinolytics [59–61]. As a con‐
sequence, they suggested antifibrinolytics for long‐term prophylaxis where plasma‐derived 
C1‐inh is not accessible and androgens are not suitable for use [55].

In recent guidelines, the importance of quality‐of‐life scores of the patients is more empha‐
sized than the number of attack days for making the decision of long‐term prophylaxis [48]. 
Cinryze® was approved in 2011 in Europe and in 2008 in the US for the use of long‐term pro‐
phylaxis and its recommended dose for adolescents and adults is 1000 U every 3–4 days [48]. 
Recombinant human C1‐inh, which is used in the treatment of attacks, was shown to be effec‐
tive for long‐term prophylaxis in preliminary data [62]. A possible side effect of long‐term and 
high dose of C1‐inh therapy is the undesirable immunization with this protein [48].

5.6. Short‐term prophylaxis

Short‐term prophylactic therapy protects patients with HAE from acute attacks caused by a 
known triggering factor such as dental, minor, or major surgical interventions [21]. For this pur‐
pose, various prophylactic regimens are used. C1‐inh concentrates between 1000 and 2000 U for 
adults and 20 U/kg for children or two units of fresh‐frozen plasma for adults and 10 ml/kg for 
children can be administered before procedures [10]. Another regimen includes a high dose of 
17α‐alkylated androgens starting with 6–10 mg/kg/day in divided doses, such as danazol 200 
mg three times a day for 5–10 days before and 2 days after the procedure. No studies comparing 
the efficacy of these prophylactic modalities have been published. Therefore, it must be indi‐
vidualized according to the cost, benefit‐harm ratio, and the patient’s preferences. In pregnant 
patients, C1‐inh administration is preferred [21]. In children, if plasma‐derived C1‐inh is not 
available, danazol can be used for a short duration [55].
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6. HAE in pregnancy

The influence of pregnancy on the course of the HAE is variable. Some patients can experi‐
ence fewer attacks while others experience them more frequently [9]. There are a few case 
series about pregnancy and delivery in HAE, which include few patients. Therefore, the 
approach and management of pregnancies is debated. In a recently published study, 125 
pregnancies in 61 patients were analyzed and 59.2% of the patients reported a mild increase in 
HAE symptoms, 14% reported no symptoms, and the symptoms of 40% of the patients were 
sustained in a similar severity and frequency throughout the pregnancy. A HAE diagnosis 
was known before gestation in 30.7% of the pregnancies. Long‐term prophylaxis was used 
in nine pregnancies including one with epsilon‐amino‐caproic acid, two with tranexamic 
acid, two with anabolic steroids (temporary usage for 8 and 12 weeks in two male‐confirmed 
fetuses), and four with plasma‐derived C1‐inh concentrates. None of the babies experienced 
side effects from these drugs. Most of the deliveries were vaginal (88%) with cesarean sections 
required in 15 patients. Ten patients did not receive prophylaxis and one of them experienced 
mild symptoms during delivery and was treated with a plasma‐derived C1‐inh concentrate. 
After vaginal delivery without prophylaxis, a few patients developed mild local edema [63]. 
Similar observations were also reported by other authors [64, 65]. In another study, none of 
the patients who received prophylactic treatment before cesarean sections experienced any 
symptoms [66].

In conclusion, the course of HAE varies from patient to patient in pregnancy. Although the 
frequency and severity of episodes can increase in some patients, others may not have any 
symptoms. Patients who have had severe or more frequent episodes during this pregnancy 
or a previous pregnancy or have additional risk factors are recommended to have a vaginal 
delivery with a prophylactic plasma‐derived C1‐inh concentrate before delivery [63]. In addi‐
tion, plasma‐derived C1‐inh should be accessible during delivery and hospitalization [63].

7. HAE in childhood

Episodes of angioedema and abdominal pain can begin in childhood; however, an accurate 
diagnosis is often delayed leading to the administration of inadequate or incorrect therapies 
and even to death [55, 67]. Moreover, life‐threatening laryngeal edema can be the first clinical 
presentation [67, 68]. Therefore, it is crucial to scan the entire family, including children, in 
a newly diagnosed patient. In this way, the disease can be detected and serious angioedema 
attacks can be prevented through prophylactic or therapeutic modalities [55].

A consensus of treatment strategies in pediatric patients with HAE was reported in 2007 
[69]. Afterwards, a German group covered the treatment options in pediatric patients and 
addressed the problem that previous consensus reports could not meet the needs of indi‐
vidual countries because of different approved drugs. Therefore, they suggested treatment 
strategies for German‐speaking countries and pointed out that in every country physicians 
should consider the approved treatment options in their country before choosing an off‐label 
drug approved in other countries [55].
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6. HAE in pregnancy

The influence of pregnancy on the course of the HAE is variable. Some patients can experi‐
ence fewer attacks while others experience them more frequently [9]. There are a few case 
series about pregnancy and delivery in HAE, which include few patients. Therefore, the 
approach and management of pregnancies is debated. In a recently published study, 125 
pregnancies in 61 patients were analyzed and 59.2% of the patients reported a mild increase in 
HAE symptoms, 14% reported no symptoms, and the symptoms of 40% of the patients were 
sustained in a similar severity and frequency throughout the pregnancy. A HAE diagnosis 
was known before gestation in 30.7% of the pregnancies. Long‐term prophylaxis was used 
in nine pregnancies including one with epsilon‐amino‐caproic acid, two with tranexamic 
acid, two with anabolic steroids (temporary usage for 8 and 12 weeks in two male‐confirmed 
fetuses), and four with plasma‐derived C1‐inh concentrates. None of the babies experienced 
side effects from these drugs. Most of the deliveries were vaginal (88%) with cesarean sections 
required in 15 patients. Ten patients did not receive prophylaxis and one of them experienced 
mild symptoms during delivery and was treated with a plasma‐derived C1‐inh concentrate. 
After vaginal delivery without prophylaxis, a few patients developed mild local edema [63]. 
Similar observations were also reported by other authors [64, 65]. In another study, none of 
the patients who received prophylactic treatment before cesarean sections experienced any 
symptoms [66].

In conclusion, the course of HAE varies from patient to patient in pregnancy. Although the 
frequency and severity of episodes can increase in some patients, others may not have any 
symptoms. Patients who have had severe or more frequent episodes during this pregnancy 
or a previous pregnancy or have additional risk factors are recommended to have a vaginal 
delivery with a prophylactic plasma‐derived C1‐inh concentrate before delivery [63]. In addi‐
tion, plasma‐derived C1‐inh should be accessible during delivery and hospitalization [63].

7. HAE in childhood

Episodes of angioedema and abdominal pain can begin in childhood; however, an accurate 
diagnosis is often delayed leading to the administration of inadequate or incorrect therapies 
and even to death [55, 67]. Moreover, life‐threatening laryngeal edema can be the first clinical 
presentation [67, 68]. Therefore, it is crucial to scan the entire family, including children, in 
a newly diagnosed patient. In this way, the disease can be detected and serious angioedema 
attacks can be prevented through prophylactic or therapeutic modalities [55].

A consensus of treatment strategies in pediatric patients with HAE was reported in 2007 
[69]. Afterwards, a German group covered the treatment options in pediatric patients and 
addressed the problem that previous consensus reports could not meet the needs of indi‐
vidual countries because of different approved drugs. Therefore, they suggested treatment 
strategies for German‐speaking countries and pointed out that in every country physicians 
should consider the approved treatment options in their country before choosing an off‐label 
drug approved in other countries [55].
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For long‐term prophylaxis, the only choice is plasma‐derived C1‐inh. Androgens should 
be avoided for long‐term usage. If plasma‐derived C1‐inh is not available, danazol can 
be substituted for short‐term prophylaxis [55]. Although the effectiveness of tranexamic 
acid is lower than the androgens, in children tranexamic acid can be used for long‐term 
prophylaxis [55].

The drugs used in the management of HAE in children are shown in Tables 2 and 3 [34].

8. Future promising interventions

Preventing angioedema episodes in HAE patients is still an important problem since there 
are limited options comprising oral‐attenuated androgens, which have various side effects 
leading to dose limitations and plasma‐derived C1‐inh, which is administered intravenously 
and therefore not practical [70, 71]. Additionally, on‐demand treatment of acute episodes has 
the risk of laryngeal angioedema and leads to a reduction in the quality of life since the angio‐
edema attacks continue to occur [72–74]. Given these problems, new practical safe and effec‐
tive treatment options to prevent acute episodes are necessary.

Avoralstat is a newly developed oral plasma kallikrein inhibitor for which studies are ongo‐
ing. In the recently published first in‐human study, the authors observed that the amount of 
the drug sufficient to inhibit the plasma kallikrein (400 mg every 8 h) was well tolerated [75].

There is no curative treatment for HAE. Amerantunga et al. argued that HAE can be consid‐
ered a metabolic liver disease and as in other metabolic liver disorders liver transplantation 
and hepatocyte transformation can be curative options [76, 77]. However, these treatments 
have surgical risks and need long‐term immunosuppression [77]. They also asserted that 
although liver‐based gene therapies are not practical, they can be the alternative curative 
options where a recombinant virus as a vector can infect the hepatocytes leading to the pro‐
duction of the targeted protein [77].

Another future concern is to prevent the development of HAE with prenatal genetic diag‐
nosis before implantation occurs [78]. Although it seems to be reasonable, the strategy has 
some limitations. First of all, in some parents, the mutations causing the disease cannot be 
determined, and in one quarter of the patients, the disease is caused by de novo mutations. 
Furthermore, because of the hormonal stimulation during in vitro fertilization, it can possibly 
lead to angioedema attacks. Lastly, there is a risk of having mild influenced offspring [78]. 
Therefore, patients need intensive genetic counseling before such a therapy.

9. Conclusion

In summary, HAE is a rare life‐threatening disease with highly variable clinical presentations. 
Physicians and the public are not familiar with the disease. There are still unknown features 
of the disease and delay in diagnosis or misdiagnosis leading to inaccurate treatment. It is, 
however, crucial to recognize the disease to prevent mortality and morbidity. Therefore, more 
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comprehensive studies are needed to describe the disease, and social work is essential to 
increase the awareness.
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Abstract

The “complement system” is one of the effector pathways of the immune system against 
microorganisms and tumor cells. The complement system can be activated through three 
major pathways: classical, lectin, and alternative. The sequential activation through the 
generation of complex enzymes from inactive zymogens produces a cascade in which a 
capable enzyme generates a large number of active downstream molecules.

C1 inhibitor (C1‐INH) is a serine protease inhibitor (serpin) that regulates the  following 
closely interrelated proteolytic pathways: complement system, coagulation system, 
 contact system, and fibrinolysis system. The absence or malfunction of C1‐INH results 
in the presence of attacks of angioedema (AE) due to uncontrolled activation of the con‐
tact system, with the generation of bradykinin (BK), a vasoactive peptide released from 
high‐molecular‐weight kininogen (HMWK). Some drugs that inhibit the catabolism of BK 
have been implicated in the development of AE. These include angiotensin‐ converting 
enzyme inhibitors (ACEIs), dipeptidyl peptidase IV (DPP‐IV) inhibitors, aminopeptidase 
P (APP) inhibitors, and neutral endopeptidase (NEP) inhibitors.

We describe in this chapter the biochemistry pathways implicated in the pathophysiology 
of bradykininergic angioedema (BK‐AE) and the role of the complement system in the 
prototype of BK‐AE, in hereditary angioedema with C1‐INH deficiency (C1‐INH‐HAE), 
and also in acquired angioedema with C1‐INH deficiency (C1‐INH‐AAE).

Keywords: acquired angioedema, aminopeptidase P, angioedema, angiotensin‐
converting enzyme, bradykinin, C1 inhibitor, carboxypeptidase, complement system, 
contact system, dipeptidyl peptidase‐IV, endothelin‐converting enzyme‐1, factor XII, 
fibrinolysis system, hereditary angioedema, neutral endopeptidase
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1. Introduction: definition of angioedema and differentiation between 
histaminergic and bradykininergic angioedema

The term “angioedema” (AE) is defined as localized and transient subcutaneous and/or 
submucosal swelling (which may affect the gastrointestinal, respiratory, or genitourinary 
tract) [1, 2]. It occurs when there is vasodilation with consequent increase in capillary 
 permeability and extravasation of fluid into the interstitial space [2, 3].

A variety of inflammatory mediators have been described that can lead to this process, such 
as histamine, prostaglandins, leukotrienes, and bradykinin [4]. The most frequent type of 
AE is produced by histamine release, as a consequence of mast cell activation, and is called 
“histaminergic angioedema.”

It includes allergic reactions, but also idiopathic AE in the context of chronic spontaneous 
 urticaria [5]. Histaminergic AE can be associated to urticaria [6], is usually erythematous, 
warm, and pruritic, and is responsive to treatment with antihistamines [7]. The clinical 
expression of urticarial lesions is mainly a consequence of inflammation and edema of the 
upper dermis, whereas swellings are located in the deep dermis and even in the subcutane‐
ous tissue.

Another important type of AE is produced by an increase in bradykinin (BK). This AE type 
is non‐erythematous, non‐pruritic, cold, non‐responsive to antihistamines and urticaria is not 
associated [7]. This subgroup is known as bradykininergic angioedema (BK‐AE).

2. Classification of bradykinin‐mediated angioedema (BK‐AE)

BK‐AE comprises several entities (Table 1). In recent years, there has been a dramatic increase 
in knowledge about this condition, particularly on the role of BK as the “final common 
 mediator.” The Spanish Study Group for Angioedema due to C1‐inhibitor deficiency was 
established in 2007 within the Committee of Immunology of the Spanish Society of Allergology 
and Clinical Immunology (SEAIC). However, such was the progress in the understanding of 
the  pathophysiology of different types of BK‐AE that this group's name quickly changed to 
“Spanish Study Group on Bradykinin‐Induced Angioedema” (SGBA).

BK‐AE is mainly classified into two subtypes depending on whether or not there is a 
 functional deficiency of C1 esterase inhibitor, better known as C1 inhibitor (C1‐INH) (Table 1) 
[8]. Another common way to classify BK‐AE is hereditary angioedema (HAE) and acquired 
angioedema (AAE) [8]. There are two forms of AE with C1‐INH deficiency, a hereditary form 
(C1‐INH‐HAE) and an acquired form (C1‐INH‐AAE).

Among the forms of AE with no functionally active C1‐INH deficiency are hereditary angio‐
edema with normal C1‐INH (nC1‐INH‐HAE), with/without mutation in the F12 gene that 
encodes coagulation factor XII (FXII‐HAE/U‐HAE) or acquired AE associated with drugs 
that inhibit the metabolic pathways of BK, angiotensin‐converting enzyme inhibitors 
(ACEi‐AAE).
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Other drugs that inhibit the catabolism of BK have been implicated in the development of AE. 
These include dipeptidyl peptidase IV (DPP‐IV) inhibitors, aminopeptidase P (APP) inhibi‐
tors, neutral endopeptidase (NEP) inhibitors, and others.

Along with progress in biochemical‐molecular knowledge, much has been learned about the dif‐
ferent pathophysiological mechanisms of the different types of AE. For example, the initial term 
“HAE type III or oestrogen‐induced” has evolved into the term FXII‐HAE due to the description 
in some of these patients of mutations in the F12 gene. Another example would be the  recognition 
of antihypertensives belonging to the group of ACE inhibitors (ACEIs) as producers of AE by 
increased BK, secondary to the inhibition of its catabolism. This has led to classifications over time 
by different groups. In order to agree on a common name for all types of AE “without  papules” 
described so far, the HAE International Working Group (HAWK), under the sponsorship of the 
European Academy of Allergy and Clinical Immunology (EAACI), proposed a classification of 
AE without wheals as seen in Figure 1 [7], with four types of AAE and three types of HAE.

Bradykinin (BK)‐mediated 
angioedema (AE)

With verified C1‐inhibitor 
protein deficiency

Hereditary 
(C1‐INH‐HAE)

Type I (C1‐INH‐HAE type I)

Type II (C1‐INH‐HAE type II)

Acquired (C1‐INH‐AAE)

No verified C1 inhibitor 
protein deficiency

Hereditary (related to 
estrogen) (HAE type III)

With known mutation of F12 
gene (FXII‐HAE)

Without known mutation of F12 
gene (U‐HAE: HAE unknown)

Acquired associated with angiotensin‐converting enzyme 
(ACE) inhibitors (ACEis) (AAE‐ACEi)

Table 1. Classification of different types of bradykinin‐mediated AE (modified from SGBA Consensus) [9].

Figure 1. Classification of angioedema without wheals [7].
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However, this classification has some limitations such as the noninclusion of AE caused by 
non‐steroidal anti‐inflammatory drugs (NSAIDs), which often occurs without associated 
urticaria [10]. These drugs act by inhibiting the enzyme cyclooxygenase in the metabolic 
pathways of arachidonic acid and increasing leukotrienes.

A classification of AE according to endotypes was proposed later [11]. In this classification, three 
subtypes of AE were included: (1) mast cell and basophil‐driven AE, (2) bradykininergic AE, 
and (3) idiopathic AE [11]. It has the advantage that NSAIDs induced or exacerbated AE and 
allergic AE are both included within the mast cell and basophil‐driven AE.

3. C1‐inhibitor deficiency

C1‐INH is a serine protease inhibitor (serpin) that regulates the following closely 
 interrelated proteolytic pathways: complement system, coagulation system, contact system, 
and  fibrinolysis system [12, 13] (Figure 2). It is also known as SERPING1, belongs to the 
SERPIN superfamily, and is mainly synthesized in hepatocytes [9].

First, C1‐INH inhibits C1r, C1s, and mannose‐binding‐lectin‐associated serine proteases (MASP1, 
MASP2) in the complement system. The inhibition of C1r and C1s is the function that gives name 
to this protein, “C1 inhibitor.” The C1 fraction of complement, also known as C1 esterase, is the 
first protein of the complement system, and circulates in an inactive form. C1 esterase is activated 
during immunological processes, initiating the complement cascade and splitting off proteins 
from the classical pathway (C4 and C2) [9]. In patients with C1‐INH deficiency, an increase in C1 
esterase functioning produces decreased C2, C4 levels, the natural substrates of the complement 
C1s fraction, which diminish much more during AE attacks [9]. C3, the protein that follows C2 
in the classical complement cascade, is usually normal in patients with C1‐INH‐HAE, since it is 
not controlled by C1‐INH [9].

Figure 2. C1‐INH regulates different pathways: (A) complement system, (B) contact system, and (C) fibrinolysis system.
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Besides, C1‐INH inhibits factor XI and thrombin in the coagulation system and tissue plas‐
minogen activator and plasmin in the fibrinolytic system [9].

Finally, C1‐INH also inhibits factor XII and kallikrein in the contact system, being the main 
inhibitor of the contact system and of BK formation [9]. This is the crucial action involved in 
AE development when C1‐INH is lacking.

C1‐INH deficiency can produce an activation of the four described cascades, with a final 
increase in BK. BK produces vascular  hyperpermeability and edema formation [9].

C1‐INH is the most potent inhibitor of the contact system and thus low C1‐INH function can 
activate this system, with uncontrolled activation of FXII and increased formation of kallikrein. 
Kallikrein releases BK from high‐molecular‐weight kininogen (HMWK). The lack of C1‐INH 
also produces an increase in plasmin through the activation of the fibrinolytic system. The split 
of BK from HMWK induced by kallikrein is facilitated by the presence of plasmin [9].

C1‐INH is a glycoprotein with 478 amino acids. It is heavily glycosylated (approximately 
30% by weight). Its apparent molecular weight on sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS‐PAGE) is 104 kilodalton (kDa), but its calculated molecular weight 
is 76 kDa. It is formed by an N‐terminal domain of 113 amino acids and a serpin domain of 
365 amino acids [14].

The genetic study of SERPING1 gene, which codes C1‐INH, has identified more than 300 
 different mutations causing C1‐INH‐HAE [7].

There are classically two main types of AE due to C1‐INH deficiency: hereditary ( C1‐ INH‐HAE) 
and acquired (C1‐INH‐AAE). In turn, two types of C1‐INH‐HAE [9] have been described; in 
patients with type I (85%) there is decreased antigenic C1‐INH (consequently resulting in 
decreased functional activity); type II (15%) is characterized by normal C1‐INH levels with 
decreased functional C1‐INH (the molecule being dysfunctional) [9]. The acquired subtype is 
characterized by low levels of either antigenic and/or functional C1‐INH, associated in most 
cases with B‐cell lymphoproliferative disorders.

Hereditary or acquired deficiency of C1‐INH is characterized by recurrent episodes of circum‐
scribed, non‐itchy AE in submucosal or subcutaneous locations. AE attacks can be triggered 
by estrogens, trauma, infection, or stress.

4. What is the complement system?

The “Complement System” is one of the effector pathways of the immune system against 
microorganisms and tumor cells, consisting of about 30 molecules, part of the comple‐
ment factors enhance “inflammation” and “phagocytosis,” producing lysis of cells and 
 microorganisms. The sequential activation through the generation of complex enzymes 
from  inactive zymogens produces a cascade in which a capable enzyme generates a large 
number of active downstream molecules. Very strict regulation of downstream activation 
processes can be expected to restrict such activation to the foci where it started, thereby 
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preventing possible tissue damage [15, 16]. This set of molecules, those involved in the acti‐
vation and the regulators (distinguishing between “triggers”—those able to bypass con‐
trol systems—and “nontriggers”), is called the “complement system.” The need for both 
“amplification” and “regulation” with strict control gives an idea of the complexity of the 
“Complement System.”

5. Description of the complement system:

5.1. Alternative pathway of the “complement system”

We begin with the description of this pathway, which although referred to as “alternative” 
is phylogenetically older than the “classical pathway.” It does not require the presence of 
 antibodies (Abs) for activation, thus constituting an important defense in the early stages of 
infection, when there are no significant amounts of Ab synthesized. Continuously “at rest,” 
it operates at a low level, and it is amplified in the presence of certain factors. So we can 
 differentiate as follows:

(a) Alternative pathway “resting,” “idle,” or “pacemaker”

(1) In normal plasma conditions (absence of infection), the internal thioester bond of the C3 
fraction is spontaneously hydrolyzed in a low ratio with a water molecule (H2O) forming 
the complex C3(H2O), also referred to as “C3i” (“tick‐over” or “idle” activation) (Figure 3).

(2) C3(H2O) or “C3i”: It binds to factor B, forming the C3(H2O)B complex, also referred to 
as “C3iB.” Factor B is equivalent to the C2 factor of the classical pathway detailed later.

(3) The D factor acting on the C3(H2O)B complex, breaking fraction B and generating 
 subproducts B1 and C3iBb.

(4) The C3iBb complex acts as a “C3 convertase” in fluid phase cleaving C3 into C3a and 
C3b*.

(5) The “C3b*” in fluid phase is hydrolyzed by water inactivating it. However, if by some 
chance the “C3b*” bonds covalently to an external surface (“recognition of the strange”), 
the “amplification of the alternative pathway” would occur. It is said that “C3b *”does not 
start this amplification within the body due to regulatory proteins that prevent it, such as 
the following:

a. Factor H binds to C3b*, attaching to the cytoplasmic membranes.

b. Factor I breaks the C3, displacing Factor H that returns intact to serum (would be ready 
to start its action again).

c. Factor I inactivates the free C3b bound to the cytoplasmic membrane itself (iC3b).

d. Factor I cleaves iC3b into C3c (small fragment in solution) and C3dg (inactive larger 
fragment bound to membrane).
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b. Factor I breaks the C3, displacing Factor H that returns intact to serum (would be ready 
to start its action again).

c. Factor I inactivates the free C3b bound to the cytoplasmic membrane itself (iC3b).

d. Factor I cleaves iC3b into C3c (small fragment in solution) and C3dg (inactive larger 
fragment bound to membrane).
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(b) “Amplification” of the alternative pathway (“positive feedback loop”)

(1) The “C3b*” binds covalently to an external surface (“recognition of the strange”) that 
amplifies in such a way that many C3b molecules anchor (Figure 3).

(2) The membrane‐bound C3b binds to Factor B, forming the C3bB complex.

(3) Factor D (with serine protease activity) acts on C3bB, breaking the bound “B,” releasing 
Ba and forming the active C3bBb complex.

(4) The C3bBb complex (with C3 convertase activity in Bb) is quickly dissociated, unless it 
is stabilized by binding to the host Factor P (also called “properdin”), forming the stable 
complex C3bBbP (the C3 convertase bound to alternative pathway membrane).

(5) The C3bBb complex produces rupture of numerous C3 molecules, whose C3b fragments 
bind near the same membrane‐bound convertase.

(6) Such “feedback loop” is also activated by the C4b2a complex (C3 convertase) of the 
 classical complement pathway.

5.2. Classical pathway of the “complement system”

1. Activation of the complement system via the classical pathway requires the formation 
of the antigen‐antibody complex (Ag‐Ab), being the Ab of the subisotypes IgM, IgG1, 
IgG2, or IgG3. This interaction gives rise to conformational changes in the Fc fragment of 
 immunoglobulin (Ig) generating an attachment site for the C1 fraction in the Cγ2 domain 
(constant part “2” of the IgG heavy chain) or the Cμ3 domain (constant part “3” of the IgM 
heavy chain).

Figure 3. Alternative pathway activation of the complement system.
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2. The C1 fraction of the complement system is composed of five subunits: a “C1q” subunit 
(stem with six helical arms, three copies of a fundamental unit in a “Y,” which in turn 
consists of two groups of three chains each together form a triple helix), two C1r subunits 
(arranged resting on the two arms of C1q), and two C1s subunits (arranged resting on the 
two arms of C1q, whose catalytic domains are arranged toward the center), stabilized by 
the Ca++ cation.

3. The C1q fraction is capable of binding to the Fc region of immunoglobulins provided they 
form part of immunocomplexes, such that

a. It can bind to two or more IgG molecules through the Cγ2 domain when bound to the 
same Ag molecule (several IgG molecules are part of the same immunocomplex). IgG 
has only one binding site per molecule, so at least two IgG molecules are necessary to 
activate the complement system.

b. It can bind to two or more Cμ3 domains of different pentametric IgM subunits. The 
free pentametric IgM is “flat” but on binding to Ag, the Fab arms adopt angles with 
the Fc portions (in the “staple” configuration), and then C1q can bind to different 
 monomers of the same pentametric IgM. The IgM exposes more adhesion sites when 
it is in “staple” configuration, explaining why the IgM is more likely to activate the 
complement system.

4. Binding of multiple domains of the same C1 complex induces a conformational change 
that activates a “C1r” molecule by autocatalysis, which in turn activates the other “C1r” 
molecule. Once activated, the two “C1r” molecules exert hydrolysis of both C1s molecules 
to be activated, which is when they possess serine esterase activity.

5. The binding of several globular domains of the same C1 complex appears to induce a con‐
formational change in this, which involves the activation of a C1r molecule by autocataly‐
sis; in turn, this activated C1r activates the other C1r molecule. The two active molecules 
exert C1r hydrolysis of the two C1s, whereby they are activated: the two active C1s possess 
serine esterase activity (Figure 4).

6. C1s has two substrates: C2 and C4. Note at this point the regulatory role of the C1 inhibi‐
tor (C1‐INH) molecule. A deficiency in this would result in uncontrolled activation of C1s 
acting on C2 and C4, with the consequent decrease in the levels of these two complement 
fractions that is apparent in patients with C1‐INH‐HAE:

a. C1s bind to C4, producing two fragments: C4a (small fragment that diffuses into the 
plasma) and C4b (large fragment that binds to the membrane of the “target cell”). The 
C4a fraction is an “anaphylotoxin” that has importance later in this chain.

b. C1 finds a binding site on C4b, and like everything around C1s is cleaved into two 
fragments: C2a (large fragment attached to C4b) and C2b (small fragment that diffuses 
into the plasma).

7. The C4bC2a complex (formed by the C2a and C4b bond) is called “C3 convertase” since it 
activates C3 in fragments C3a and C3b (Figure 5):
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a. The intact C3 fraction has a very stable internal thioester bond between a cysteine and 
a glutamine (product of posttranslational modification) whose half‐life is close to 600 h.

b. The C4bC2a complex catalyzes the proteolytic cleavage of C3 near the amino terminus 
of the α chain, with generation of the C3a and C3b fraction*.

c. The unstable C3b* component has the very unstable thioester bond, whose half‐life is 
only 60 μs because it is susceptible to nucleophilic attack (this is due to the negative 
charge of sulfur (—S), while carbon remains as carbonyl group (—C+=O)).

d. A nearby nucleophilic group belonging to protein or cell surface carbohydrate reacts 
with the electrophilic C3b* carbonyl group, resulting in covalent bond (by —CO—O—) 
between the C3b and the cell surface.

e. The C3a fraction is an “anaphylotoxin” that will be important later in this chain.

f. Note that it is able to generate “tens” of C3b fragments, which is why this step is con‐
sidered an “amplifier.” However, not all “C3b” generated participate in the comple‐
ment pathway since a portion diffuses into the plasma functioning as an “opsonizing 
agent.”

8. The C3b fraction binds to C4bC2a, forming the C4b2aC3b complex, called “C5 convertase,” 
as the portion of the C3b fraction of this complex binds to C5, hydrolyzing it into C5a and 
C5b. The C5a fraction is an “anaphylotoxin” that will be important later in this chain. 
The C5b fraction is a key element for the formation of the membrane “attack complex” 
 (Figure 3). This step is already part of the “final common lytic pathway” between the 
“ classical pathway” and “lectin pathway.”

Figure 4. Classical pathway activation of the complement system, showing the binding of the C1q subunit to the Ig Fc, 
which is bound in turn to the cell membrane.
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5.3. Lectin pathway of the “complement system”

The lectin pathway is a third way of complement system pathway activation different from 
the classical activation of C2 and C4 fractions (Figure 6). It starts with the action of the “man‐
nan‐binding protein” (MBP), which is structurally very similar to the C1q fraction (hexamers 
with 18 identical polypeptide chains coiled in groups of 3) and can bind two C1r subunits 
and two C1s subunits. However, it brings its own serine protease (called MASP) with 40% 
homology to C1r or C1s. MBP binds preferentially to the ends of mannose, fucose, and glu‐
cosamine of glycoproteins or polysaccharides present in the bacterial membrane. In a similar 
manner as described in the “classical pathway” with C1q2r2s complex, when MBP binds to 
carbohydrates it undergoes a conformational change, which in turn activates the serine pro‐
tease (MASP). Activated MASP acts sequentially on C2 and C4 fractions to produce the “C3 
convertase of the classical pathway.”

MASP‐1 has been recently shown to cleave bradykinin from HMWK [17] and its levels, 
together with the complex MASP1‐C1‐INH, have been related to disease severity in C1‐INH‐
HAE [18].

5.4. Common final pathway of the “complement system”

The three activation pathways of the complement system (the classical pathway, the alterna‐
tive pathway, and the lectin pathway) converge in a common final lytic pathway. The C5b, 
C6, C7, C8, and C9 fractions participate in the final lytic complement pathway and form a 
molecular structure known as “membrane attack complex” (MAC) (Figure 7).

Figure 5. Classical pathway for the activation of the complement system, where the formation of the C1qrs complex until 
the formation of the C3b molecule can be observed.
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Figure 6. Lectin pathway for the activation of the complement system.

Figure 7. Major events in the lytic pathway cell membrane leading to the C9 polymerization and pore formation in the 
cell membrane.
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MAC insertion into the cytoplasmic membrane causes an intercellular‐extracellular commu‐
nication pore with consequent ion exchange leading to cell death. The sequential steps are as 
follows:

1. As already mentioned, the final stage of the three activation pathways is common and consists 
in the formation of the “C5 convertase” that breaks the C5 fraction and triggers the appear‐
ance of the “membrane attack complex” (MAC). The steps at every pathway are as follows:

a. The “classical pathway”: the C4b2aC3b complex catalyzes the cleavage of C5 into C5a 
and C5b.

b. The “lectin pathway”: the C4b2aC3b complex catalyzes the cleavage of C5 into C5a 
and C5b.

c. The “alternative pathway”: a covalent attachment of a “new” C3b that forms part of the 
“C3 convertase,” forming the C3bBb3b complex.

2. C5b binds to the cytoplasmic membrane hydrophilic region.

3. C5b binds to C6, forming the C5bC6 complex.

4. C5bC6 binds to C7, forming C5bC6‐7 complex, which has already hydrophobic regions 
that are capable of penetrating into the inner section of the lipid bilayer.

5. C5bC6‐7 binds to C8, forming C5bC6‐7‐8 complex, which is capable of forming a 10 
 Armstrong pore capable of destroying erythrocytes but not able to destroy nucleated cells.

6. C5bC6‐7‐8 binds to about 14 C9 units to form the C5b‐C6‐7‐8‐poli9 complex (or MAC), 
which is capable of forming a 70–100 Armstrong pore by contacting the intracellular with 
the extracellular medium with the subsequent ion and water exchange, leading to cell 
death.

6. Complement disorders

Complement disorders have been traditionally linked to immunodeficiency and associated 
with severe or frequent infections. More recently, complement has been recognized for its role 
in inflammation, autoimmune disorders, and vision loss [19]. The identification of hereditary 
and acquired complement deficiencies in humans has led to a better understanding of the bio‐
logic importance of the complement system in immunity and autoimmune disease (Table 2).

Complement protein Gene (chromosome) Effects of deficiency (commonly associated infections)

C1q 1p36.12 (A, B, and C chains) Immune‐complex disease
Meningitis, pneumonia, sepsis (Streptococcus 
pneumoniae, Neisseria meningitidis)

C1r 12p13.31 Meningitis, pneumonia, sepsis (encapsulated 
bacteria)
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Complement protein Gene (chromosome) Effects of deficiency (commonly associated infections)

C1s 12p13.31 Meningitis, pneumonia, sepsis (encapsulated 
bacteria)

C1‐INH 11q11‐q13.1 C1‐INH‐HAE

C2 6p21.33 Immune‐complex disease
Meningitis, osteomyelitis, pneumonia, sepsis 
(Staphylococcus aureus, Streptococcus pneumoniae, 
Neisseria meningitidis)

C3 19p13.3 Respiratory tract infections (Haemophilus influenzae, 
Streptococcus pneumoniae, Streptococcus pyogenes, 
Neisseria meningitidis)

C4 6p21.33 (Rodgers blood group 
and Chido blood group)

Immune‐complex disease
Meningitis, pneumonia, sepsis (encapsulated 
bacteria)

C5 9q33.2 SLE‐like symptoms
Meningitis, sepsis (Neisseria meningitidis)

C6 5p13.1 SLE‐like symptoms
MPGN
Meningitis, sepsis (Neisseria meningitidis)

C7 5p13.1 Scleroderma, rheumatoid arthritis, and an SLE‐like 
syndrome
Meningitis, sepsis (Neisseria meningitidis)

C8 1p32.2 (alpha chain)
1p32.2 (beta chain)
9q34.3 (gamma chain)

Meningitis, sepsis (Neisseria meningitidis)

C9 5p13.1 Meningitis, sepsis (Neisseria meningitidis)

Factor D 19p13.3 Meningitis (Neisseria meningitidis)

Factor H 1q31.3 Recurrent pyogenic infections (Haemophilus influenzae, 
Streptococcus pneumoniae, Neisseria meningitidis)

Factor I 4q25 Recurrent pyogenic infections (Haemophilus influenzae, 
Streptococcus pneumoniae, Neisseria meningitidis)

Factor P (properdin) Xp11.23 Meningitis (Neisseria meningitidis)

MBL (or MBP) 10q11.2‐q21 Respiratory tract infections

MASP2 1p36.22 Respiratory tract infections

CD59 (or MAC‐IP, MAC‐IP, 
protectin)

11p13 Autoimmune‐like conditions including paroxysmal 
nocturnal hemoglobinuria

DAF (or CD55) 1q32.2 Autoimmune‐like conditions including paroxysmal 
nocturnal hemoglobinuria

C1‐INH‐HAE = hereditary angioedema with C1 inhibitor deficiency; CD59 = cluster of differentiation 59; MAC‐
inhibitory protein (MAC‐IP), membrane inhibitor of reactive lysis (MIRL) or protectin; DAF = complement decay‐
accelerating factor; MASP2 = manna‐binding lectin serine protease 2 (also called mannan‐binding protein‐associated 
serine protease 2); MBL = mannose‐binding lectin (also called mannose‐binding protein or mannan‐binding protein 
(MBP); MPGN = membranoproliferative glomerulonephropathy; SLE = systemic lupus erythematous.

Table 2. Clinical significance of complement deficiencies [20–24].
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7. Classification of angioedema due to functionally active C1 esterase 
inhibitor protein (C1 inhibitor) deficiency

Functionally active C1‐INH deficiency can be hereditary or acquired. The hereditary form is 
a primary immunodeficiency [25] and is the most common genetic defect of the complement 
system [26]. The absence or malfunction of C1‐INH results in the presence of attacks of AE 
(subcutaneous or mucosal swelling) due to uncontrolled activation of the contact system, with 
the generation of bradykinin, a vasoactive peptide released from HMWK [9].

7.1. Hereditary angioedema

C1‐INH‐HAE is a genetic autosomal dominant disease characterized by a deficiency of the 
functionally active C1 esterase inhibitor (C1 inhibitor) protein. Initially, it was believed that 
it affected one individual per 10,000–150,000 people, but being a rare disease it makes an 
 estimate of prevalence difficult to pinpoint [27]. It could affect around 2000–3000 people in the 
USA [28]. There is a register of patients in Spain where the minimum prevalence is 1.09 per 
100,000 inhabitants [29], while another register in Denmark describes a prevalence rate of 
1.41 per 100,000 inhabitants [30]. The highest published prevalence is in Norway with 1.75 per 
100,000 inhabitants [31]. Delays in diagnosis (an average of 13.1 years in the Spanish study) 
[29] along with the possibility of misdiagnosis and lack of recognition of the disease may 
mean that the true prevalence may be higher than estimates suggest. To date, no studies have 
shown differences in prevalence between ethnic groups.

Two phenotypic variants were described [32, 33]. Type I (HAE‐I) is the most common (85%), 
characterized by a quantitative decrease of C1‐INH, which results in a decrease in functional 
activity; type II (HAE‐II) (15%) is characterized by normal or elevated levels of dysfunctional 
C1‐INH. In both cases, the defect is transmitted as an autosomal dominant form, although 
with different genetic alterations. There is another estrogen‐dependent hereditary AE  variant 
in which both levels and function of C1‐INH are normal and which has been called HAE 
type III [34, 35].

7.2. Acquired angioedema

C1‐INH‐AAE is biochemically characterized by low C1‐INH concentrations and/or functions 
and no evidence of heredity. It is mainly associated with B cell lymphoproliferative  disorders 
and occasionally with autoimmune, neoplastic, or infectious diseases [14]. Initially, it was 
 classified into two types: type I, with most patients having an associated B cell line malignancy; 
type II, there were anti‐C1‐INH autoantibodies that interfered with C1‐INH functional  activity 
[36]. C1‐INH production is normal or slightly increased. In many patients with type I, the 
paraproteinemia or M component actually behaves as an anti‐C1‐INH autoantibody, so some 
authors such as Cicardi suggest that the distinction between types I and II may be artificial [37].

Acquired C1‐INH deficiency is characterized by the activation of the classical complement 
pathway and accelerated catabolism of C1‐INH and the activation of the contact system [9]. 
This results in low C4 and C2 levels and normal C3 levels in plasma. C1q levels are frequently 
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very low in C1‐INH‐AAE and this feature is frequently used to differentiate the acquired from 
the hereditary form of C1‐INH deficiency [14].

8. Bradykinin as common final mediator of “bradykininergic” 
angioedema

8.1. Formation of bradykinin

BK is a linear nonapeptide (with sequence Arg1‐Pro2‐Pro3‐Gly4‐Phe5‐Ser6‐Pro7‐Phe8‐Arg9) 
produced endogenously in humans and other mammals as a result of the proteolytic activity 
of kallikrein on kininogens [38, 39].

Kallikreins belong to serine proteases and fall into two groups: tissue and plasma kallikreins. 
Within the tissue kallikreins, a family of 15 proteins is true kallikrein (hk1) and prostate‐
specific antigen (PSA or hk3) [39–41]. Plasma kallikrein is involved in processes that initiate 
coagulation especially during the activation phase due to contact with negatively charged 
surfaces. The plasma and tissue kallikreins release vasoactive peptides known as kinins 
implicated in biological processes such as the relaxation of vascular smooth muscle (hypoten‐
sion), increased vascular permeability, smooth muscle contraction of the bronchial tree, and 
pain [39–41]. This peptide family produces BK release due to plasma kallikrein action on the 
HMWK, while it also releases Lys‐bradykinin (Lys‐BK) by the action of tissue kallikrein hk1 
on low‐molecular‐weight kininogen (LMWK) [39–41] (Figure 8).

8.2. Other forms of angioedema with activation of the contact system

HAE type III, described in 2000 by two independent research groups [35, 42], has been also 
named as hereditary angioedema with normal C1‐INH (nC1‐INH‐HAE) [7]. A subgroup of 
patients with nC1‐INH‐HAE (approximately 30%) has a mutation in exon 9 of F12 gene [7] 
and this type of AE is known as FXII‐HAE [7]. The rest have not known mutation and are 
known as unknown‐HAE (U‐HAE) [7].

FXII is a protease involved in the activation of the coagulation and contact systems and these 
mutations found in F12 gene in patients with FXII‐HAE have been shown to produce hyperac‐
tivability of coagulation factor FXII, with the consequent activation of the contact system [43].

8.3. Inhibition of bradykinin‐metabolizing enzymes

Once produced, kinins are rapidly metabolized by metallopeptidases: neutral endopepti‐
dase (NEP), angiotensin‐converting enzyme (ACE), dipeptidyl peptidase‐IV (DPP‐IV), ami‐
nopeptidase P (APP), carboxypeptidases (CPN, CPM), and endothelin‐converting enzyme‐1 
(ECE‐1). Dendorfer et al. [44] described the metabolic pathways of BK degradation in murine 
models. In human plasma, BK is cleaved on the Pro7‐Phe8 and Phe8‐Arg9 bonds by the action 
of the two largest kininases: ACE and CPN [45]. Besides, in the 1960s it was reported that 
carboxypeptidase A cleaved the Pro7‐Phe8 bond [46], while carboxypeptidase B cleaved the 
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Phe8‐Arg9 bond [46]. Generally, carboxypeptidases remove Arg9 (carboxyl terminus) from 
the kinin molecule. Although NEP plays an important role in the kidney and epithelium, 
unlike ACE it barely exerts its action in plasma. APP cleaves BK in the Arg1‐Pro2 bond [47]. 
NEP and ACE cleave BK at the Pro7‐Phe8 bond (releasing the dipeptide Phe8‐Arg9) [48]; NEP 
further cleaves the Gly4‐Phe5 bond and ACE in the Phe5‐Ser6 bond [48].

The following drug classes can cause acute AE by inhibition of the BK‐metabolizing pathway 
(Figure 8):

• ACE (EC 3.4.15.1) inhibitors: lisinopril, captopril, enalapril, and ramipril.

• DPP‐IV (EC 3.4.14.5) inhibitors: sitagliptin, vildagliptin, saxagliptin, alogliptin, and 
linagliptin.

• APP (EC 3.4.11.9) inhibitors: apstatin [49].

• CPN and CPM inhibitors.

• NEP, also known as neprilysin (EC 3.4.24.11) inhibitor: SQ29072 [50], SCH39370 [51], 
 candoxatrilat [52], phosphoramidon [53], BP102 [54], and ecadotril [55].

• ECE‐1 (EC 3.4.24.71) inhibitor: CGS35066 [56].

• Dual inhibitor of NEP and ACE: omapatrilat [57], fasidotril [58], sampatrilat [59], and 
 mixanpril [60].

• Dual inhibitor of NEP and ECE‐1: SLV‐306 [61], S‐17162 [62], CGS 26303 [63, 64], CGS 26393 
[65], CGS 31447 [66], WS 75624B [67], B‐90063 [68], CGS 34226 [69], and CGS 34043 [70].

• Triple inhibitor of ECE‐1, NEP, and ACE: CGS 35601 [71–73] and CGS 37808 [74].

Figure 8. Formation of kinins in plasma and tissues. Each kinin is formed from kininogen by the action of a different 
enzyme.
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8.4. Bradykinin receptor ligands

The biological effects of kinins involve the activation of specific receptors on the  surface 
of the target cell. At least two different kinin receptors are known [75, 76]: BK  receptor 
B1 ( bradykinin receptor B1, also known as BDKRB1, B1R, BKR1, B1BKR, BKB1R, and 
BRADYB1) [77], which is coded in region 14q32.1‐q32.2, and BK receptor B2 (bradykinin 
receptor B2, also known as BDKRB2, B2R, BK2, BK‐2, BKR2, and BRB2) [78], which is coded 
in region 14q32.1‐q32.2.

BKR1 binds and is activated by des‐[Arg9]‐bradykinin (DBK) and des‐[Arg9]‐Lys‐bradykinin 
(Lys‐BK), formed by the action of carboxypeptidases on Lys‐BK and BK, respectively [79].

BKR1 is expressed in low amounts on normal physiological conditions in smooth muscle of 
blood vessels being regulated additively by inflammation [75, 79]. During stressful situations 
(trauma, tissue pressure, or inflammation with increase of IL1β or TNFα) [80, 81], the effects 
on BKR1 can predominate.

On the contrary, BKR2 binds selectively with BK and kallidin, mediating most of the effects of 
the contact system activation in the absence of inflammation.

Antagonists have been developed for both types of receptors, such as des‐[Arg9]‐bradykinin‐
Leu8 for BKR1 and HOE140 (icatibant acetate) for BKR2 [82]. Icatibant acetate has been shown 
to be effective for the treatment of acute AE attacks in C1‐INH‐HAE [7, 8, 83].

In summary, most of the biological effects of kinins are mediated by BKR2 and under 
 conditions of inflammation or tissue damage there is induction of BKR1 [84] (Figure 9).

Figure 9. Bradykinin receptor ligands.

Pathophysiology of Bradykinin-Mediated Angioedema: The Role of the Complement System
http://dx.doi.org/10.5772/67704

167



Both receptors belong to the superfamily of receptors that have seven transmembrane domains 
coupled to G proteins, differing both in primary structure, expression, and  regulation of their 
tissue distribution [85, 86].

Two types of G protein‐coupled receptors have been found that bind to BK mediating its 
response in pathophysiological conditions. To summarize, there are stimulatory G proteins 
(Gs and Gq) and inhibitory G proteins (Gi). Gs binds to GTP and activates adenylate cyclase, 
increasing the amount of intracellular cAMP. Gi binds to GTP and inactivates adenylate 
cyclase, indirectly reducing the amount of intracellular cAMP. Gq binds to GTP and activates 
PLC, increasing the amount of DAG, IP, and intracellular Ca++. Transduction pathways stimu‐
lated by kinins have been extensively investigated in endothelial cells, where BKR1 interacts 
with Gq and Gi proteins, using the same signaling pathways as BKR2 (Figure 10).

BKR2 binds to G proteins and activates phospholipases A2 and C. The kinin‐induced increase 
in phospholipase C (PLC) causes it to act on their specific substrate, phosphatidylinositol 
biphosphate (PIP2), hydrolyzing it generating the two metabolites: inositol triphosphate (IP3) 
and diacylglycerol (DAG). IP3 binds to a specific receptor (IP3R) in the endoplasmic reticu‐
lum facilitating the release of intracellular Ca++. IP3, possibly together with its metabolite, IP4, 
can regulate calcium channels of the plasma membrane allowing the entry of extracellular 
calcium into the cell [87, 88]. The other metabolite of PIP2 hydrolysis, DAG, is responsible for 
the activation of protein kinase C (PKC) [89, 90]. PKC consists of one polypeptide chain with 
two functional domains: (a) a hydrophobic domain for binding to the cell membrane and 
(b) a hydrophilic domain, which possesses catalytic function. PKC at cellular rest is found 
in an inactive form in the cytosol, but once stimulated by DAG together with Ca++ ions it 
 translocates to the cell membrane to exert its function of protein kinase in serine and  threonine 

Figure 10. Bradykinin receptors and G‐protein–coupled receptor‐signaling pathway.
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amino acids. BK has been shown to activate a Ca++‐dependent PKC and PKC not dependent 
on this ion, as well as atypical isoforms [91]. The stimulation of phospholipase A2 (PLA2) 
releases arachidonic acid from membrane phospholipids [92], which can be  metabolized in 
the form of powerful inflammatory mediators.

In addition, BKR2 transitorily promotes phosphorylation of tyrosine from tyrosine kinases 
such as MAP kinase (“mitogen‐activated protein kinase”), as well as the activation of the JAK/
STAT pathway. Activated BKR2 interacts directly with nitric oxide synthase (NOS) resulting 
in nitric oxide (NO) [93].

9. Conclusions

C1‐INH‐HAE is a rare inherited disorder, characterized by recurrent AE attacks in  various 
regions of the body. C1‐INH‐AAE is an acquired disease usually due to the presence of 
 anti‐C1‐INH autoantibodies. The lack of C1‐INH leads to inappropriate activation of the 
 kallikrein‐kinin system and release of BK, a vasoactive mediator.

nC1‐INH‐HAE is another inherited form of AE, with no C1‐INH deficiency, but a  probable 
increase in BK formation due to mutation in exon 9 of F12 gene with subsequent hyper‐
activability.

BK (common final mediator of BK‐AE) is a linear nonapeptide (with sequence  Arg1‐Pro2‐
Pro3‐Gly4‐Phe5‐Ser6‐Pro7‐Phe8‐Arg9) produced endogenously in humans and other mam‐
mals as a result of the proteolytic activity of kallikrein on kininogens.

Some drugs that inhibit the catabolism of BK have been implicated in the development of AE. 
These include ACEIs, DPP‐IV inhibitors, APP inhibitors, and NEP inhibitors.
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Chapter 13

Short‐Term Prophylaxis in Odontostomatological,
Maxillofacial and ENT Procedures in Patients with
Hereditary Angioedema Due to C1‐Inhibitor Deficiency
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Abstract

Oestrogens, trauma, infections or stress has been described as triggers for angioedema
(AE) attacks in patients with hereditary angioedema due to C1-inhibitor deficiency
(C1-INH-HAE). Microtrauma can precipitate the onset of acute AE attacks, and thus,
dental-oral procedures carry a high risk of triggering them and also an increased risk of
death from asphyxiation due to the AE location. In the past, without proper specific
treatment, the overall mortality after dental surgery in patients with C1-INH-HAE was
up to 30–40%. Some dental-oral, medical and/or surgical procedures are susceptible to
receive “short-term prophylaxis” (STP) in order to reduce the risk of AE. We describe the
published case reports of dental-oral, maxillofacial and ear, nose and throat (ENT)
procedures in patients with C1-INH-HAE. Different consensus algorithms and clinical
guidelines have been published for managing dental-oral, maxillofacial and otolaryngo-
logical procedures (DOMFOPs) and will be reviewed below. Based on the clinical
experience of the Department of Allergology of the University Hospital La Paz (Madrid)
and the University General Hospital Nuestra Señora del Prado (Talavera de la Reina),
these algorithms have been updated and modified. We advise to classify procedures
according to the risk of producing AE as minor, intermediate and major risks.

Keywords: algorithm, angioedema, antifibrinolytic agents, attenuated androgens, bra-
dykinin, C1 inhibitor, dental-oral procedures, dental surgery, ecallantide, hereditary
angioedema, icatibant acetate, recombinant human C1 inhibitor, plasma-derived human
C1-inhibitor concentrate, short-term prophylaxis, solvent/detergent-treated plasma,
treatment
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1. Introduction

Hereditary angioedema due to C1-inhibitor deficiency (C1-INH-HAE) is a genetic autosomal
dominant disease characterized by a deficiency of the functionally active C1 esterase inhibitor
(C1-INH) protein [1]. This deficiency results in an excess of bradykinin (BK), which increases
vascular permeability and produces angioedema (AE) [1].

The minimum prevalence of C1-INH-HAE is 1.09 per 100,000 inhabitants in Spain [2], 1.41 per
100,000 inhabitants in Denmark [3], 1.54 per 100,000 inhabitants in Italy [4] and 1.75 per 100,000
inhabitants in Norway [5].

Other forms of BK-mediated AE are: acquired angioedema due to C1-INH deficiency (C1-INH-
AAE), hereditary angioedema with normal C1-INH (C1-INH-nC1-INH), with/without muta-
tion in the F12 gene that encodes Factor XII coagulation (HAE-FXII/HAE-D) and acquired
angioedema associated with angiotensin converting enzyme inhibitors (ACEi) (AAE-ACEi).
ACEis are drugs that inhibit the metabolic pathways of BK and thus produce an increase in BK.
Other drugs that inhibit BK catabolism have been implicated in the development of AE. These
include dipeptidyl peptidase IV (DPPIV) inhibitors, aminopeptidase P (APP) inhibitors, neu-
tral endopeptidase (NEP) inhibitors and others. In this chapter, we will focus on C1-INH-HAE.

2. The importance of cervicofacial anatomical location in C1-INH-HAE
angioedema attacks

Oestrogens, trauma, infections or stress has been described as triggers for AE attacks in 21
patients with C1-INH-HAE [6]. Microtrauma can precipitate the onset of acute AE attacks, and
thus, dental-oral procedures carry a high risk of triggering them and also an increased risk of
death from asphyxiation due to the AE location [7]. Treatment with adrenaline, antihistamines
or glucocorticoids is not effective in this type of BK-mediated AE [8].

In the past, without proper specific treatment, overall mortality after dental surgery in patients
with C1-INH-HAE was up to 30–40% [9–12]. Some dental-oral, medical and/or surgical pro-
cedures are susceptible to receive “short-term prophylaxis” (STP) (also called “pre-procedural
prophylaxis”) [8, 13–15] in order to reduce the risk of AE. Such prophylaxis in patients with
C1-INH-HAE usually consists of introducing oral antifibrinolytics or attenuated androgens
(AAs) or administering intravenous pdhC1INH before the procedure [8, 13]. There are cur-
rently two brands of pdhC1INH available: Berinert® (CSL-Behring, Marburg, Germany) and
Cinryze® (Shire-HGT, Zug, Switzerland). Since upper airway AE can cause death from
asphyxiation [13, 16], adequate monitoring of upper airway permeability is imperative, so that
appropriate emergency treatment (endotracheal intubation and/or tracheotomy) is performed
if the upper airway is threatened despite medical treatment [8, 17]. Nevertheless, the availabil-
ity of specific drugs for the treatment of acute AE attacks and of plasma-derived human
C1-inhibitor concentrates (pdhC1INH) (Berinert®, CSL Behring, Marburg, Germany and
Cinryze®, Shire HGT, Zug, Switzerland) for STP, together with the increased awareness of
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Other drugs that inhibit BK catabolism have been implicated in the development of AE. These
include dipeptidyl peptidase IV (DPPIV) inhibitors, aminopeptidase P (APP) inhibitors, neu-
tral endopeptidase (NEP) inhibitors and others. In this chapter, we will focus on C1-INH-HAE.

2. The importance of cervicofacial anatomical location in C1-INH-HAE
angioedema attacks

Oestrogens, trauma, infections or stress has been described as triggers for AE attacks in 21
patients with C1-INH-HAE [6]. Microtrauma can precipitate the onset of acute AE attacks, and
thus, dental-oral procedures carry a high risk of triggering them and also an increased risk of
death from asphyxiation due to the AE location [7]. Treatment with adrenaline, antihistamines
or glucocorticoids is not effective in this type of BK-mediated AE [8].

In the past, without proper specific treatment, overall mortality after dental surgery in patients
with C1-INH-HAE was up to 30–40% [9–12]. Some dental-oral, medical and/or surgical pro-
cedures are susceptible to receive “short-term prophylaxis” (STP) (also called “pre-procedural
prophylaxis”) [8, 13–15] in order to reduce the risk of AE. Such prophylaxis in patients with
C1-INH-HAE usually consists of introducing oral antifibrinolytics or attenuated androgens
(AAs) or administering intravenous pdhC1INH before the procedure [8, 13]. There are cur-
rently two brands of pdhC1INH available: Berinert® (CSL-Behring, Marburg, Germany) and
Cinryze® (Shire-HGT, Zug, Switzerland). Since upper airway AE can cause death from
asphyxiation [13, 16], adequate monitoring of upper airway permeability is imperative, so that
appropriate emergency treatment (endotracheal intubation and/or tracheotomy) is performed
if the upper airway is threatened despite medical treatment [8, 17]. Nevertheless, the availabil-
ity of specific drugs for the treatment of acute AE attacks and of plasma-derived human
C1-inhibitor concentrates (pdhC1INH) (Berinert®, CSL Behring, Marburg, Germany and
Cinryze®, Shire HGT, Zug, Switzerland) for STP, together with the increased awareness of
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pre-procedural prophylaxis, has reduced the prevalence of upper airway respiratory AE and
death from asphyxiation after dental procedures [15, 18].

3. Management of dental-oral, maxillofacial and ENT procedures
(DOMFOPs) in patients with C1-INH-HAE

A review of published case reports of dental-oral, maxillofacial and ear, nose and throat (ENT)
procedures in patients with C1-INH-HAE is shown in Table 1.

Case report (gender/age) STP AE type AE
development

Reference

pdhC1INH FFP Icatibant
acetate

One male and five females aged
between 18 and 64 y.o.

N.AD 2 Units N.AD C1-INH-HAE
type I

None Jaffe et al. [19]

Three males aged between 41 and
56 y.o.

N.AD N.AD N.AD C1-INH-HAE None Heft and
Flynn [20]

One female of 28 y.o. N.AD N.AD N.AD C1-INH-HAE None

One female of 45 y.o. N.AD 1 Unit N.AD C1-INH-HAE
type I

None Delfino et al.
[21]

One female of 22 y.o. N.AD 2 Units N.AD C1-INH-HAE
type I

None Allbright and
Taylor [22]

One male of 20 y.o. N.AD N.AD N.AD C1-INH-HAE None Sturdy et al.
[23]

One female of 32 y.o. N.AD 2 Units N.AD C1-INH-HAE
type I

None Mauro et al.
[24]

One male of 37 y.o. N.AD 2 Units N.AD Unknown None Malmstrom
et al. [25]

One female of 40 y.o. N.AD 4 Units N.AD C1-INH-AAE
type II

Laryngeal
oedema

Degroote
et al. [26]

One male of 32 y.o. N.AD 6 Units N.AD C1-INH-HAE
type I

None Phillips et al.
[27]

One female of 18 y.o. 2000 IU N.AD N.AD C1-INH-HAE
type I

None Leimgruber
et al. [28]

N.AD N.AD N.AD Laryngeal
oedema

One male and two females aged
between 34 and 49 y.o.

N.AD 4 Units N.AD C1-INH-HAE
type I

None Peled et al.
[29]

N.AD 4 Units N.AD C1-INH-HAE
type I

None

One female of 10 y.o. N.AD 2 Units N.AD C1-INH-HAE
type I

None Karlis et al.
[30]
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Case report (gender/age) STP AE type AE
development

Reference

pdhC1INH FFP Icatibant
acetate

Six males and six females aged
between 21 and 50 y.o.

N.AD N.AD N.AD C1-INH-HAE
type I

None Farkas et al.
[31]

One male of 4 y.o. N.AD Used N.AD Unknown None Webb et al.
[32]

One female of 6 y.o. N.AD N.AD N.AD HAE None

One female of 54 y.o. 500 IU N.AD N.AD C1-INH-HAE
type I

None Maeda et al.
[33]

Three females aged between of 27
and 32 y.o.

N.AD N.AD N.AD C1-INH-HAE
type I

Laryngeal
oedema

Börk and
Barnstedt [18]

One male of 46 y.o. N.AD N.AD N.AD C1-INH-HAE
type I

Laryngeal
oedema

One female of 28 y.o. N.AD N.AD N.AD C1-INH-HAE
type I

Laryngeal
oedema

Rice et al. [34]

One female of 49 y.o. N.AD N.AD N.AD C1-INH-HAE
type I þ AAE-
ACEi

Laryngeal
oedema

Van Sickels
et al. [35]

One female of 33 y.o. N.AD N.AD N.AD C1-INH-HAE
type I

None
(danazol)

One female of 8 y.o. Used N.AD N.AD C1-INH-HAE None
(danazol)

Moraes et al.
[36]

One male of 36 y.o. N.AD N.AD N.AD C1-INH-HAE
type II

Laryngeal
oedema

Baccioglu
Kavut [37]

1000 IU N.AD N.AD None

One female of 28 y.o. N.AD N.AD SC 30 mg C1-INH-HAE
type I

None Senaratne
et al. [38]

One female of 45 y.o. N.AD N.AD SC 30 mg C1-INH-HAE None Angeletti
et al. [39]

One female of 6 y.o. 500 IU N.AD N.AD C1-INH-HAE
type II

None Narayanan
et al. [40]

Two males aged between 19 and
57 y.o. and one female of 20 y.o.

N.AD N.AD N.AD C1-INH-HAE
type I

Minimal
pharyngeal
oedema

Jurado-
Palomo et al.
[15]

One female of 26 y.o. 1000 IU N.AD N.AD C1-INH-HAE
type I

None Sanuki et al.
[41]

One female of 50 y.o. N.AD N.AD N.AD C1-INH-HAE Laryngeal
oedema

Forrest et al.
[42]

FFP = fresh frozen plasma, IU = International Unit, N.AD = not administered, pdhC1INH = plasma-derived human C1
esterase inhibitor, SC = subcutaneous, STP = short-term prophylaxis and y.o. = years old.

Table 1. Literature review of dental-oral, maxillofacial and ENT procedures in patients with C1-INH-HAE.
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4. The development of diagnostic-therapeutic algorithms for dental-oral,
maxillofacial and otolaryngological procedures (DOMFOPs) according to
the risk of triggering angioedema attacks

In the last 12 years, different consensus algorithms and clinical guidelines have been published
for managing DOMFOP STP and will be reviewed below.

4.1. The 2003 Hungarian-Canadian consensus algorithm

The 2003 Hungarian-Canadian consensus was the first consensus document on the manage-
ment of C1-INH-HAE [43]. It attempted to establish a separation between minor and major
DOMFOPs but did not go deeper in differentiating clearly which procedures were considered
minor or major (Figure 1) [43].

According to the 2003 Hungarian-Canadian consensus, the STP in DOMFOPs should be as
follows:

1. If only a minimum dental manipulation was going to be performed and pdhC1INH was
available for the treatment of acute AE attacks, no pre-procedural prophylaxis was indi-
cated. However, if pdhC1INH was not available, STP with danazol or tranexamic acid
was recommended. Local injection of local anaesthetic was recognized as being able to
precipitate an AE attack [43].

2. For a manipulation that was not considered minor, danazol was recommended (even in
children and pregnant women in the last trimester). Tranexamic acid was considered as an

Figure 1. Short-term prophylaxis algorithm for C1-inhibitor deficiency according to the 2003 Hungarian-Canadian
consensus [43].
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alternative to danazol. pdhC1INH should be available for immediate administration if an
AE attack developed [43]. In case of a major surgical procedure or if the patient was being
intubated, intravenous pdhC1INH had to be administered 1 hour before surgery. A
second pdhC1INH dose should be administered during surgery and even repeated daily
or as much as needed until there was no risk of developing AE. If pdhC1INH was not
available, STP with danazol or tranexamic acid was recommended. Solvent/detergent-
treated fresh frozen plasma (SD-FFP) 1 or more hours before procedure could be another
alternative if pdhC1INH was not available; regular FFP would be a fourth option,
although less safe than SD-FFP [43].

The algorithm summarizing the recommendations for surgical risk of the Hungarian-Cana-
dian consensus 2003 can be seen in Figure 1 [43].

4.2. The 2005 British consensus algorithm

According to the 2005 British consensus [16], STP was not only indicated before risky pro-
cedures or surgeries but also during periods of physiological or psychological stress (also
called intermittent long-term prophylaxis). It was the first time that the term “intermittent
long-term prophylaxis” was used. The proposed STP scheme was as follows:

• pdhC1INH (500–1500 U, generally 1000 U) up to 24 hours before. Additional doses may
be required later, basically if postoperative infection occurs. It was the treatment of choice
in major dental procedures such as tooth extractions.

• Tranexamic acid from 2 to 5 days before procedure until 2 days after procedure

– 4 g/day (1 g 4 times/day)

• Attenuated androgens from 2 to 5 days before procedure to 2 days after procedure

– Danazol: 100–600 mg/day

– Stanozolol: 2–6 mg/day

4.3. The 2007 Hungarian-Canadian consensus algorithm

The 2007 Hungarian-Canadian consensus (published in 2008) continued the distinction between
minor or major procedures and intubation (Figure 2) [44].

Unlike the 2003 Hungarian-Canadian algorithm, the recommendation of the use of tranexamic
acid in minor manipulations with available pdhC1INH was removed. In addition, in major
procedures or intubation, the recommendation of the use of danazol or tranexamic acid was
also removed, and recommendations differed according to the availability or non-availability
of pdhC1INH.

4.4. The 2010 international consensus algorithm

The International consensus published in Allergy, Asthma and Clinical Immunology (official
publication of the Canadian Society of Allergy and Clinical Immunology) in 2010 updated the
STP recommendations (Figure 3) [13].
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A distinctive feature is that the time period for STP with oral drugs for minor risk procedures
was increased from 5 days before the procedure to 2–5 days after the completion of the
procedure [13]. It also emphasizes the non-use of danazol during the first two trimesters of
pregnancy because of the obvious risks of AAs. Antifibrinolytics are still not recommended for
STP in this type of procedures.

In procedures involving a higher AE risk or endotracheal intubation, pdhC1INH should be
administered from 1 to 6 hours before the procedure, if available. As in previous consensus
documents, it only distinguishes between DOMFOPs of minor or major risk, not considering
“intermediate risk”.

Figure 2. Prophylaxis algorithm in C1-inhibitor deficiency of the 2007 Hungarian-Canadian consensus [44].

Figure 3. Prophylaxis algorithm in C1-inhibitor deficiency in the 2010 international consensus [44].
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4.5. The 2011 Spanish consensus algorithm

According to the Spanish consensus [8], STP was indicated in surgery or medical procedures
that involve trauma in the cervicofacial region with the risk of laryngeal oedema development
(e.g. dental manipulations, tonsillectomy, maxillofacial surgery, endoscopy, bronchoscopy or
interventions requiring endotracheal intubation) and to prevent local oedema that could alter
the surgeon's work area and may affect the surgical outcome.

Specific acute treatment (pdhC1INH or icatibant acetate) must be available with appropriate
monitoring of the patient after surgery, including an action plan.

The recommendations were as follows:

• Intravenous pdhC1INH (500 U if the patient weighs less than 50 kg and 1000 U if he/she
weighs more than 50 kg) administered from 1 to 4 hours prior to the procedure, with a
required second dose (if available).

• Intravenous SD-FFP (if pdhC1INH is not available), two units administered 1 hour before
the procedure.

• AAs from 5 to 7 days before to 2–3 days after the procedure (in case of postoperative
complications such as infections, AAs should be continued for more than 5 days.)

– Danazol: 400–600 mg/day

– Stanozolol: 4–6 mg/day

• Antifibrinolytics

– EACA

– Tranexamic acid: 1–4 g/day or 75 mg/kg/day divided into 2–3 doses from 5 days before
to 2 days after surgery

Drugs and doses for STP are summarized in Table 2.

Pharmacological
group

Drug Adults Children

C1-INH replacement pdhC1INH 500–1500 U, 1–4 hours before event 20 U/kg, 1 hour before event

FFP 2 U (400 ml), 1 hour before procedure 10 mL/kg 1 hour before procedure

Attenuated
androgens

Danazol 400–600 mg/24 hours for 5–7 days before and
2–3 days post-event

10 mg/kg/day for 5–7 days before to
2–3 days post-event

Stanozolol 4–6 mg/24 hours for 5 days before and 3 days
post-event

Antifibrinolytics
(seldom used)

Tranexamic
acid

1 g/6 hours for 5 days before and 2 days
post-event

500 mg/6 hours for 2 days before and
2 days post-event

Table 2. Short-term prophylaxis in the Spanish 2011 national consensus on C1-INH-HAE.
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4.6. The 2012 management guidelines of the World Allergy Organization (WAO)

This was the first guideline on C1-INH-HAE and thus was the first time in which evidence
levels were analysed and graded recommendations were given [45].

There was no evidence about the effectiveness of STP. The advice to administer STP was based
on Expert Opinion. It was stated that even though STP was used, AE episodes could still occur
and sometimes after minor procedures (case reports, series of patients). Nevertheless, several
publications had reported a reduction in the incidence of AE with STP in both adults and
children. In this guideline, the indications of STP varied according to:

• The patient's personal history: frequent episodes of AE, AE following a similar procedure
(dental or oral surgery), need for intubation, more invasive procedures

• Probability of AE associated with such a procedure

• Periods of high risk of attacks (due to increased likelihood of AE attacks or increased
consequences of AE attack): periods of stress, tests

STP administration had to be considered prior to surgery, especially in the case of dental/
intraoral procedures, in which endotracheal intubation was required, when the airway or
pharynx was manipulated and before bronchoscopy or endoscopy. This statement had a level
of evidence D (adapted from previous consensus document or “statement” based on an expert
opinion poll during a consensus conference) and a strength of recommendation A.

In DOMFOPs with minimal risk or if there was availability of safe drugs for on-demand
treatment of “upper airway edema” (UAE) attacks, STP could be omitted. Two doses of
pdhC1INH, ecallantide or icatibant had to be available for possible immediate administration.
The patient had to know the risks and have a plan of action and treatment for AE attacks.

The recommendations were as follows:

• Intravenous pdhC1INH: 10–20 U/kg or 1000 U was recommended, administered from 1 to
6 hours before DOMFOP. Dosing studies were required, as AE attacks have even occurred
with 1000 U doses

• SD-FFP (if pdhC1INH was not available)

• AAs from 5 days before to 5 days after the procedure (if the risk associated with the
procedure or surgery was relatively low and no pdhC1INH was available). Its use was
limited to elective surgery with a lower perceived effectiveness as compared to pdhC1INH,
although there was no evidence. AAs have considerable side effects, being contraindicated
during pregnancy (except in the last trimester of pregnancy) and during lactation

– Danazol: 2.5–10 mg/kg/day, to a maximum dose of 600 mg/day

– Stanozolol: 4–6 mg/day

• Antifibrinolytics

– Tranexamic acid: 25 mg/kg/day divided into 2–3 doses
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4.7. The 2013 guidelines for the management of HAE, C1-INH-AAE and ACEi-AAE

All HAE patients are candidates for STP when exposed to situations that could likely trigger
an AE attack [46].

Two statements are particularly relevant in this field:

1. Summary statement 20: STP can be achieved by using FFP, pdhC1INH and high doses of
AAs for short periods. Recommendation strength B (directly based on category II evi-
dence or recommendation extrapolated from category I evidence).

2. Summary statement 25: New drugs for the treatment of C1-INH deficiency syndromes are
costlier than the alternative treatment with AAs. Official studies of cost-utility and cost-
effectiveness in helping healthcare providers in the management of patients with C1-INH
deficiency syndromes are warranted. Strength of recommendation D.

The drugs and doses recommended are as follows:

• Intravenous pdhC1INH: 1000–2000 U

• Intravenous SD-FFP 2 U: several hours (up to 12 hours) before the procedure

• Oral 17-alpha-alkylated AAs, for 5–10 days before to 2 days after the procedure

– Danazol: 6–10 mg/kg/day into divided doses; maximum 200 mg, 3 times per day or
equivalent

There are no comparative studies between pdhC1INH and AAs. The decision on the drug to
be prescribed should be based on an individualized assessment of damage/burden compared
to the benefits, costs and patient preferences. In emergency procedures, pdhC1INH is the
treatment of choice. Specific treatment for AE attacks (pdhC1INH, ecallantide or icatibant)
should be available during and after any procedure.

4.8. The 2014 Canadian consensus

STP should be considered prior to the patient's specific known triggers and before any medical,
surgical or dental procedures [47]. Evidence level is low, and the strength of the recommendation
is strong.

Specific treatments for the acute attack of C1-INH-HAE should be available during and after
the procedure. The level of evidence is low (our confidence in the estimated effect is limited:
the true effect may be substantially different from the estimated effect). The strength of the
recommendation is strong.

The drugs and doses recommended were as follows:

• pdhC1INH: pdhC1INH was recommended, although there were no data on the most
appropriate dose. In Europe, it was marketed under the following brands:

– Cinryze®: 1000 U up to 24 hours before, though there is not enough evidence that
confirms that administering the drug more than 6 hours before the procedure is safe

– Berinert®: 1000 U up to 6 hours before
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effectiveness in helping healthcare providers in the management of patients with C1-INH
deficiency syndromes are warranted. Strength of recommendation D.

The drugs and doses recommended are as follows:

• Intravenous pdhC1INH: 1000–2000 U

• Intravenous SD-FFP 2 U: several hours (up to 12 hours) before the procedure

• Oral 17-alpha-alkylated AAs, for 5–10 days before to 2 days after the procedure

– Danazol: 6–10 mg/kg/day into divided doses; maximum 200 mg, 3 times per day or
equivalent

There are no comparative studies between pdhC1INH and AAs. The decision on the drug to
be prescribed should be based on an individualized assessment of damage/burden compared
to the benefits, costs and patient preferences. In emergency procedures, pdhC1INH is the
treatment of choice. Specific treatment for AE attacks (pdhC1INH, ecallantide or icatibant)
should be available during and after any procedure.

4.8. The 2014 Canadian consensus

STP should be considered prior to the patient's specific known triggers and before any medical,
surgical or dental procedures [47]. Evidence level is low, and the strength of the recommendation
is strong.

Specific treatments for the acute attack of C1-INH-HAE should be available during and after
the procedure. The level of evidence is low (our confidence in the estimated effect is limited:
the true effect may be substantially different from the estimated effect). The strength of the
recommendation is strong.

The drugs and doses recommended were as follows:

• pdhC1INH: pdhC1INH was recommended, although there were no data on the most
appropriate dose. In Europe, it was marketed under the following brands:

– Cinryze®: 1000 U up to 24 hours before, though there is not enough evidence that
confirms that administering the drug more than 6 hours before the procedure is safe

– Berinert®: 1000 U up to 6 hours before
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• AAs from 5 days before to 2–3 days after the procedure (STP could be considered when
the risk associated with surgery was low and there was no immediate availability of the
specific treatments for acute attacks)

– Danazol: 2.5–10 mg/kg/day, up to a maximum dose of 600 mg/day

• Antifibrinolytics

– Tranexamic acid: 25 mg/kg/day (up to a maximum dose of 3000–6000 mg/day) divided
into 2–3 doses from 5 days before to 2–5 days after the surgery or when a trigger was
anticipated. Its effectiveness in preventing attacks was unknown, so it should only be
used if other drugs were not available

4.9. The 2013 Spanish algorithm for short-term prophylaxis

A group of allergists along with clinical pharmacologists from different hospitals in Spain
developed algorithms for the diagnosis, prophylaxis and treatment of C1-INH-HAE [48].

STP was not indicated in minor procedures with the availability of specific treatment for acute
AE attacks. STP was indicated in all the procedures that involved trauma in the cervicofacial
region because of the risk of developing AE in the upper airway and in any diagnostic or
therapeutic procedure in order to avoid local edema in the working area so that the procedure
result was not altered.

pdhC1INH was the election treatment for STP. Both Cinryze® 1000 U (1–24 horas pre-
procedure) and Berinert® 10–20 U/kg (1–6 hours of pre-procedure) were available for their 20
use in adults.

In case pdhC1INH was not available, attenuated androgens (danazol, estanozolol) and
antifibrinolytics (tranexamic acid, epsilon aminocaproic acid) were alternatives in
programmed procedures and SD-FFP in case of emergency procedures.

• Danazol: 400–600 mg/day (divided into 2–3 doses/day—from 5 to 7 days pre-procedure to
2–3 days post-procedure)

• Stanozolol: 4–6 mg/day (divided into 2–3 doses/day—from 5 to 7 days pre-procedure to 3
days post-procedure)

• Tranexamic acid: 1,000 mg/6 hours (from 5 days pre-procedure to 2–3 days post-proce-
dure (consider thrombotic risk)

It was advised that any patient receiving STP should be observed and the specific treatment for
acute attacks should be available for 48 hours after the procedure, as the risk for AE is not
totally cancelled with STP.

These authors specified STP for children. The election treatment was also intravenous—
pdhC1INH (Berinert®: 10–20 U/kg, 1–6 hours pre-procedure or Cinryze® 1000 U).

In case pdhC1INH was not available, they advised to use attenuated androgens or tranexamic
acid:

Short‐Term Prophylaxis in Odontostomatological, Maxillofacial and ENT Procedures in Patients with…
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• Danazol: 10 mg/kg/day (divided into 2–3 doses/day—from 5 to 7 days pre-procedure to
2–3 days post-procedure)

• Tranexamic acid: 500 mg/6 hours (from 5 days pre-procedure to 2–3 days post-procedure)

4.10. International consensus for the management of children with C1-INH-HAE

According to the international consensus for the management of children [49] (Figure 4),
indications for STP in paediatrics (as in adults) include patient-specific triggers, medical and
dental procedures. For most “minor interventions”, the recommendation is to choose an on-
demand treatment if a swelling event is precipitated rather than prophylaxis, provided that a
licensed on-demand medication is immediately available in the case of emergency (level III
evidence).

4.11. US consensus for the management of children with C1-INH-HAE

Only Berinert® is approved for the treatment of children < 12 y.o. [50]. Berinert®, at 20 U/kg,
has less risk of containing an infectious agent, is approved by the Food and Drug Administra-
tion (FDA) in children and is preferable when available [51–53].

FFP given empirically at 2 U per patient immediately before surgery has been reported to
provide effective STP in adults and poses less risk [19]. It is critically important that effective
on-demand treatment be available, whether the patient is given STP prophylaxis or not.
Therapeutic approaches for C1-INH-HAE have been studied carefully in adults, but not all
have not been investigated with the same level of care in children (Table 3).

Figure 4. Prophylaxis algorithm in C1-inhibitor deficiency in the 2017 international consensus for the management of
children [49].
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4.12. Available treatments for STP in C1-INH-HAE

4.12.1. Plasma-derived C1 esterase inhibitor concentrate (pdhC1INH)

pdhC1INH consists of a replacement therapy for the lacking C1-INH. There are currently
several pdhC1INH pharmaceutical presentations: Berinert® (CSL-Behring GmbH, Marburg,
Germany), Cebitor® (Sanquin, Amsterdam, The Netherlands) and Cinryze® (Shire HGT, Zug,
Switzerland) (see Table 4 for a comparison of the available drugs for short-term prophylaxis in
C1-INH-HAE).

For nearly 25 years, Berinert-P (CSL-Behring GmbH) was available in Spain through the
Foreign Medications office [8]. Afterwards, it was finally marketed in Spain as Berinert® in
August 2009 [8]. Berinert® is a purified, pasteurized, nanofiltred pdhC1INH. It is presented in
500 U vials of a lyophilized product for intravenous administration, which has to be stored at
2–25�C [8], and when reconstituted, a 50 IU/mL solution is formed. It has an excellent safety
post-launch record after more than 35 years of its availability [54–56].

Berinert® is currently approved by the FDA for the treatment of AE attacks in adults and
adolescents, 12 years and older, with C1-INH-HAE, and by the European Medical Agencies
(EMA) for the treatment of AE attacks and short-term prophylaxis in adults and children with
C1-INH-HAE [56].

Cebitor® is only available in a few European countries.

Cinryze® comes in a package with two lyophilized 500 U C1 inhibitor (human) vials. After
reconstitution, each vial contains a 100 U/ml solution. It has to be stored from 2 to 25�C.

The FDA approved Cinryze in October 2008 for long-term prophylaxis in adults (> 18 years)
[8]. In 2010, the European Medicines Agency (EMA) approved the marketing of Cinryze® for
long-term prophylaxis, short-term-prophylaxis and the treatment of acute attacks in adoles-
cents and adults [57].

Drugs Type of evidence Dosage Use

Berinert® I (adults) and II-3 (children) 20 IU/kg intravenous On demand

Cinryze® I (adults >18 y.o.) and II-3 (children) 1000 IU intravenous (adults) Prophylaxis

Ruconest® I (adults ≥ 18 y.o.) 50 IU/kg intravenous On demand

Icatibant acetate I (adults ≥ 18 y.o.) and II-3 (children) 30 mg subcutaneous On demand

Ecallantide I (adults, adolescents ≥ 12 y.o.) and II-3 (children) 30 mg subcutaneous On demand

Danazol I (adults) and II-3 (children, not recommended) <200 mg oral Prophylaxis

Tranexamic acid II-3 (adults and children) 20–40 mg/kg up to 3 g/day oral Prophylaxis

Fresh frozen plasma II-3 (adults) 1–2 Units intravenous On demand

Type of evidence I = randomized controlled trial and II-3 = dramatic results in uncontrolled trial.

Table 3. Drugs for prophylaxis and for the acute treatment of hereditary angioedema (modified Frank et al.) [50].
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Both Berinert® and Cinryze® are currently authorized for intravenous self-administration by
trained patients or their relatives.

The recommended doses for STP are 1000 U for adults both for Berinert® and Cinryze® and
15–30 IU/kg for children for Berinert®, 1–6 hours before procedure. Although the Cinryze®

Summary of Products Characteristics (SPC) indicates 1–24 hours, most authors consider that it
should be administered as close as possible to the procedure and no longer than 6 hours prior
to procedure [58]. For long, complex surgeries and in the case of infection or other trigger
factors, the pdhC1INH dose may have to be repeated.

At least one dose of a specific drug for the treatment of acute AE attacks (C1-INH concentrate,
rhC1INH, ecallantide or icatibant) should be available for on-demand treatment in case it is needed.

4.12.2. Fresh frozen plasma

In countries where pdhC1INH is not available, fresh frozen plasma (FFP) is an alternative. FFP
should be virally inactivated with solvents and detergents (SD-FFP) to be safer. FFP acts by
supplying lacking C1-INH [8]. SD-FFP dosage for C1-INH-HAE has not been studied, and the
generally used dose is the same than in coagulation disorders: 2 units of 200 mL each [8].

Among the possible FFP side effects are alloimmunization, anaphylactic or allergic reactions,
transmission of infectious diseases (viruses, Creutzfeldt-Jakob disease) and excessive intravas-
cular volume with the risk of hypervolemia and heart failure [8].

4.12.3. Attenuated androgens

Danazol and stanozolol are 17-α-alkylated synthetic derivatives, which are very effective and
have fewer side effects than other androgens. Their mechanism of action in C1-INH-HAE is not
well known. Several actions may contribute to their effectiveness. First, a significant increase in
C1-INH plasma levels was reported with high AA doses. Second, an increase in the expression of
C1-INH mRNA in mononuclear cells with the minimum effective dose was shown. Finally, an
increase in the plasma levels of aminopeptidase P, one of the BK catabolizing enzymes, was
published [8].

Danazol is a potent gonadotropic inhibitor with partial antigestagenic, anabolic and androgenic
activity, whereas stanozolol is an anabolic steroid with certain anticoagulant properties [8].

Oxandrolone is another AA, which has been used in C1-INH-HAE to a lesser extent [8].

AAs have considerable side effects when used as long-term prophylaxis for long periods of
time or at high doses [8]. The main secondary effects are disorders of libido, impotence, weight
gain, menstrual irregularities, breast atrophy/hypotrophy, acne, voice changes, increased ath-
erogenic index, polycythemia, hypertension, haematuria, transient increases in transaminases,
hepatic necrosis, cholestatic hepatitis, hepatosplenic peliosis, transient increases in muscle
enzymes (creatine phosphokinase and aldolase) and rhabdomyolysis. There have also been
some cases of hepatic adenoma and adenocarcinoma. However, the data on increased risk of
atherosclerosis are controversial. AAs used for short periods of time as STP are much better
tolerated, and thus, they were advised as STP for children and pregnant women in the first
consensus documents on C1-INH-HAE.
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The effect of AAs takes approximately 5 days, and thus, AAs cannot be used in emergency
situations that require STP. AA doses for STP can be seen in Table 3.

These drugs may have to be administered for more than 5 days after the procedure in the case
of postoperative complications, especially infection [8].

4.12.4. Antifibrinolytic agents

The mechanism of action of antifibrinolytic agents in C1-INH-HAE is unknown.

4.12.4.1. ε-Aminocaproic acid

ε-Aminocaproic acid (EACA) (Amycar®, Rottapharm Madaus, Milan, Italy) is effective in
preventing AE attacks in C1-INH-HAE if taken as long-term prophylaxis [8, 14]. There is a scarcity
of data about its use as STP, although some consensus documents advise on its use [13, 44].

The most frequent side effect is a transient increase in creatine phosphokinase and aldolase
associated with muscle pain, weakness and fatigue. Other side effects are thrombosis and
extensive muscle necrosis [8].

4.12.4.2. Tranexamic acid

Tranexamic acid (Amchafibrin®, Rottapharm Madaus, Milan, Italy) is a cyclic derivative of
EACA and has been proven efficacious in preventing AE attacks in patients with C1-INH-HAE
[8, 14]. Tranexamic acid competitively inhibits the activation of plasminogen, which, under
normal conditions, is inhibited by C1-INH, thus reducing the conversion of plasminogen to
plasmin (fibrinolysis) [8].

Muscle cramps, nausea, diarrhoea, hypotension, dizziness and fatigue are among its described
side effects.

The dose for STP is 1 g 4 times a day or 75 mg/kg/day divided into 2–3 doses from 5 days
before to 2 days after the surgery or medical procedure.

Antifibrinolytics are seldom used in countries where other treatments are available. Antifibri-
nolytics should be discontinued before the surgery, as they may theoretically promote throm-
boembolic events [8].

4.12.5. Icatibant acetate

Icatibant acetate (Firazyr®, Shire HGT, Zug, Switzerland) is a synthetic decapeptide similar to
BK and a highly specific, potent and competitive antagonist of the BK B2 receptor (B2R),
inhibiting the vasodilation produced by BK [8]. Its effectiveness as the treatment for AE acute
attacks in C1-INH-HAE has been shown in clinical trials and patient series [8] and in patient
registries [59–61]. No serious adverse reactions have been reported, the only significant side
effect being injection site reactions (in more than 95% of cases), consisting of self-limiting
erythema, oedema, pruritus and pain [8]. The European Medicines Agency (EMA) approved
icatibant acetate for the treatment of acute AE attacks in adult patients (≥ 18 y.o.) with C1-INH-
HAE in July 2008, and it has been available in Spain since March 2009. It was approved by the
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FDA in 2011. Icatibant acetate's self-administration was authorized by EMA in 2011. A registry
on the use of icatibant acetate in real life has confirmed its safety [61].

Icatibant acetate is only approved for adults. A study on its safety and efficacy in children is
currently going on. There is no information about its safety profile in women who are preg-
nant. Regarding breastfeeding, lactation should be avoided 12 hours after icatibant acetate's
administration. According to prescribing information, icatibant acetate should not be used in
patients with active ischemic heart disease or those who have had an ischemic stroke in the
preceding 2 weeks [8].

Isolated cases of STP with off-label icatibant acetate prior to some medical, dental or surgical
procedures in patients with C1-INH-HAE have been published [38, 62, 63]. First, a thyroid
biopsy without later local oedema was published [62].

However, controlled studies are necessary. The short half-life (1–2 hours) of this agent and the
fact that it blocks B2R but does not diminish the BK production may restrict its use in short-
term prophylaxis, as there is a theoretical risk of late local oedema. The trauma may result in
an increase in local BK through FXII activation. While B2R blockage continues, no oedema is
produced, but when B2Rs are released (after icatibant is eliminated from the body), an oedema
episode could develop 6–8 hours after the surgery if BK remains high [8]. Other authors do not
support its use as short-term prophylaxis due to its short half-life [64].

4.12.6. Ecallantide (Kalbitor®, Shire HGT, Zug, Switzerland)

Ecallantide is a very potent, reversible and highly specific human plasma kallikrein inhibitor,
whose half-life is 2.0 � 0.5 hours [8]. Its effectiveness has been demonstrated in different
clinical trials [8, 14, 58, 65].

The United States Food and Drug Administration approved its use in December 2009 for the
treatment of acute AE episodes in patients aged 16 years and older with C1-INH-HAE. Later,
its use was extended to adolescents.

Acute allergic reactions, as well as anaphylaxis, have been reported [8].

It is administered subcutaneously at 30 mg (divided into 3 doses) and should be stored refriger-
ated [8]. One isolated case of STP with a low dose of ecallantide (10 mg) plus FFP, which did not
result in AE, was reported [66].

However, the short half-life of ecallantide (2.0 � 0.5 hours) could restrict its use as short-term
prophylaxis [8, 64]. It is necessary to carry out controlled studies or gain more experience in
order to recommend its use in this indication.

4.12.7. Recombinant human C1 inhibitor

Recombinant human C1-INH (rhC1INH) (Ruconest®/Rhucin®, Pharming Group NV, Leiden,
The Netherlands) is produced in transgenic female rabbits in which the human C1NH gene
has been inserted. The resulting rhC1INH is excreted in the rabbit milk, from which it is
obtained by purification. The active substance is also termed conestat alfa. rhC1INH is effec-
tive in the treatment of acute AE attacks. rhC1INH is a C1-INH replacement therapy but with
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the advantages of the absence of the potential risk of transmitting blood-borne human infec-
tions and its suitability for large-scale production. It has a similar inhibitory potency and high
structural analogy with phC1INH, although with a lower half-life (3 hours), due to differences
in glycosylation. rhC1INH can be kept at room temperature (2–25�C). A 50 U/kg dose (maxi-
mum 4200 U) was approved by the EMA in October 2010 for the treatment of acute AE attacks
in > 18 years with C1-INH-HAE, although it has not yet been marketed in Spain. In 2016, its
approval was extended to adolescents.

FDA approved rhC1INH in 2014 for the treatment of acute AE attacks in adolescents and adult
patients with C1-INH-HAE. The approved dose is 50 U/kg with a maximum dose of 4200 U
administered intravenously.

A possible disadvantage of recombinant products is being potentially immunogenic and
having the risk of producing neutralizing antibodies and/or allergic reactions. However, data
on immunological safety are good, with no antibody production and no adverse immunolog-
ical effects observed, except for an anaphylactic reaction in one patient with undisclosed rabbit
allergy in a phase I clinical trial [8, 57].

rhC1INH is not recommended for short-term prophylactic management of C1-INH-HAE due
to its short half-life [64].

Two consensus for the management of C1-INH-HAE in children have been published in 22
2016 [50, 65, 66].

Caballero et al. published a consensus document in which the management of STP in female
patients was reviewed [67]. This information was updated later for HAE with and without
C1-inhibitor deficiency [68].

The unavailability of STP should not delay an urgent procedure [69]. C1-INH-HAE should not
be an obstacle for routine procedures [69].

In DOMFOP, it is advisable, provided that it is possible, to use regional anaesthesia to avoid
the trauma that supposes oropharyngeal intubation [8, 13, 70].

It is impossible to predict which patients will develop angioedema after a determined medical/
surgical procedure. Moreover, a single patient could present or not present AE after the same
procedure [70–72]. There are no controlled studies that assess STP efficacy; current available data
come from observational studies: The risk of perioperative AE without STP (not taking into
account dental procedures) is 6–31% [73]. There is no increased risk related to the procedure
location or surgical area size [73]. The prevalence of AE attacks after dental procedures
performed without STP varies from 5 to 37% of patients [71–73]. Farkas et al. observed that 40%
of the patients who had not performed STP developed AE post-procedures, when assessing all
the interventions as a whole [74]. Most times, AE is local, but distant AE has also been described
[72, 73]. AE can be triggered by minor procedures, such as local injection of a local anesthetic
[43], suture of a hand cut or an aesthetic injection of hyaluronic acid in the lips [72]. In some
patients, perioperative angioedema was the first manifestation of C1-INH-HAE [72].

The study of STP use in large patients’series has shown that STP with pdhC1INH or AAs reduced
the number of patients who present AE attacks after medical/surgical procedures [15, 71, 73].

Short‐Term Prophylaxis in Odontostomatological, Maxillofacial and ENT Procedures in Patients with…
http://dx.doi.org/10.5772/67713

195



pdhC1INH reduced the AE risk more after invasive procedures than AAs and AAs more than
tranexamic acid [73]. It is important to emphasize that the AE risk after surgical/medical pro-
cedures is not completely avoided with STP [71, 73] and is independent of C1-INH-HAE severity
[15] and thus, at least one therapeutic dose of a specific treatment for acute AE attacks should be
available during and after the procedure [8, 74]. If the procedure involves the ENTarea, the patient
should be informed about the possibility to develop a laryngeal oedema, not only in the 12 hours
following the procedure but also later [72], and one should establish an action plan for the patient.

5. Conclusion: a proposal for STP algorithm

Based on the clinical experience of the Department of Allergology of the University Hospital
La Paz (Madrid) and the University General Hospital Nuestra Señora del Prado (Talavera de la
Reina), these algorithms have been updated and modified.

Most studies do not take into account the disease severity in order to plan STP and to study the
STP efficacy.

Jurado-Palomo et al. [15] calculated retrospectively the C1-INH-HAE severity by using the
Diagnostic, Therapeutic, and Management Algorithm for Hereditary Angioedema, from
Agostoni et al. [70] (Table 5). They studied the efficacy of STP with AAs and/or pdhC1INH in
patients with C1-INH-HAE and found that all the patients who suffered mild pharynx laryn-
geal AE curiously occurred in the group of patients with milder stages of C1-INH-HAE.
Curiously, these patients had not received long- or short-term AA prophylaxis nor pre-proce-
dural pdhC1INH [15].

Attack severity Score

Mild attacks (discomfort noticed, but no disruption of normal daily activities) 0.5 for each 24 hours

Moderate attacks (discomfort sufficient to reduce or affect normal daily activities) 1 for each 24 hours

Severe attacks (inability to work or perform daily activity) 2 for each 24 hours

Need for treatment:

- Emergency treatment: conservative, substitutive (C1-INH, FFP). 5 each

- Emergency treatment: invasive (intubation, tracheotomy). 25 each

- Long-term prophylaxis for more than 6 months. 25

- Long-term prophylaxis for 3–6 months. 12.5

Score Class Degree

>30 1 Severe

21–30 2 Moderate

11–20 3 Mild

1–10 4 Minimal

0 5 Asymptomatic

Table 5. Criteria for the evaluation of disease severity [70] (these parameters are determined over the period of 1 year.
The sum of the scores defines the severity of the disease for that year).
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pdhC1INH reduced the AE risk more after invasive procedures than AAs and AAs more than
tranexamic acid [73]. It is important to emphasize that the AE risk after surgical/medical pro-
cedures is not completely avoided with STP [71, 73] and is independent of C1-INH-HAE severity
[15] and thus, at least one therapeutic dose of a specific treatment for acute AE attacks should be
available during and after the procedure [8, 74]. If the procedure involves the ENTarea, the patient
should be informed about the possibility to develop a laryngeal oedema, not only in the 12 hours
following the procedure but also later [72], and one should establish an action plan for the patient.

5. Conclusion: a proposal for STP algorithm

Based on the clinical experience of the Department of Allergology of the University Hospital
La Paz (Madrid) and the University General Hospital Nuestra Señora del Prado (Talavera de la
Reina), these algorithms have been updated and modified.

Most studies do not take into account the disease severity in order to plan STP and to study the
STP efficacy.

Jurado-Palomo et al. [15] calculated retrospectively the C1-INH-HAE severity by using the
Diagnostic, Therapeutic, and Management Algorithm for Hereditary Angioedema, from
Agostoni et al. [70] (Table 5). They studied the efficacy of STP with AAs and/or pdhC1INH in
patients with C1-INH-HAE and found that all the patients who suffered mild pharynx laryn-
geal AE curiously occurred in the group of patients with milder stages of C1-INH-HAE.
Curiously, these patients had not received long- or short-term AA prophylaxis nor pre-proce-
dural pdhC1INH [15].

Attack severity Score

Mild attacks (discomfort noticed, but no disruption of normal daily activities) 0.5 for each 24 hours

Moderate attacks (discomfort sufficient to reduce or affect normal daily activities) 1 for each 24 hours

Severe attacks (inability to work or perform daily activity) 2 for each 24 hours

Need for treatment:

- Emergency treatment: conservative, substitutive (C1-INH, FFP). 5 each

- Emergency treatment: invasive (intubation, tracheotomy). 25 each

- Long-term prophylaxis for more than 6 months. 25

- Long-term prophylaxis for 3–6 months. 12.5

Score Class Degree

>30 1 Severe

21–30 2 Moderate

11–20 3 Mild

1–10 4 Minimal

0 5 Asymptomatic

Table 5. Criteria for the evaluation of disease severity [70] (these parameters are determined over the period of 1 year.
The sum of the scores defines the severity of the disease for that year).
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We advise to classify procedures according to the risk of producing AE as minor, intermediate
and major risks.

If we classified dental procedures according to the surgical risk, the injection of local anaesthetic
would be of minor AE risk, but it has been identified to be able to precipitate an attack of AE [43].
In our series, even the placement of orthodontic appliances (lower risk according to our classifi-
cation) showed triggering of mild palate oedema in the months after the placement [15]. Thus, it
is important that patients have specific drugs, for the treatment of acute attacks, available.

We would recommend using danazol, stanozolol and tranexamic acid in minor risk manipu-
lations and not using tranexamic acid for those procedures of intermediate or major AE risk
and attenuated androgens if pdhC1INH is available.

Given this and in our experience, we would propose the following algorithms for the prophy-
laxis of DOMFOPs (Figure 5). To elaborate on this algorithm, three special mentions can be done:

Figure 5. Proposed algorithm for short-term prophylaxis in C1-INH-HAE according to the authors’ experience at Uni-
versity Hospital La Paz in Madrid and at University General Hospital Nuestra Señora del Prado in Talavera de la Reina.
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1. In an “intermediate” level of procedures, surgical risk is included, although it includes the
same prophylactic approach as greater surgical risk.

2. It is clearly specified that short-term prophylaxis to reduce AE risk after dental manipula-
tions should be performed even in patients with asymptomatic activity or minimal disease.

3. Stanozolol is included as a recommendation in lower risk manipulations, at the same level
as danazol or tranexamic acid.

Close coordination between different specialists is advisable to decide the attitude to follow
pre-procedurally. Treatment for acute attacks should be available in the operating room, in the
allergology department and even at patient's home.
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Abstract

The origins of the discovery of the “Complement System” date from the second half of 
the nineteenth century. The official paternity of the Complement System is attributed 
to Jules Bordet. The complement system can be activated through three major path-
ways. The classical pathway, the alternative pathway, and the lectin pathway converge 
in a common final lytic pathway. Hereditary angioedema (HAE) due to C1-inhibitor 
(C1-INH) deficiency (C1-INH-HAE) was first described by Robert Graves in his clini-
cal lectures. The autosomal dominant pattern of HAE was recognized by Sir William 
Osler. The pathophysiologic basis of C1-INH-HAE as a deficiency of a plasma inhibi-
tor was discovered in the early 1960s. In 1986, the C1NH gene was identified, which 
encodes the C1-INH protein. Although the possible relationship between angioedema 
and estrogens in women was described as early as 1986, it was not until the first decade 
of the twenty-first century when several series of patients with HAE were described 
with normal levels of the fractions of the complement system. In the last decade, several 
drugs have been approved and marketed in Europe, in the United States, and in other 
countries, contributing to the improved management of C1-INH-HAE and patient’s 
quality of life.

Keywords: acquired angioedema, angioedema, bradykinin, c1 inhibitor, complement 
system, factor XII, hereditary angioedema, hereditary angioedema with mutation in F12 
gene, history, immunodeficiency
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1. Introduction

The origins of the discovery of the “Complement System” date from the second half of the 
nineteenth century. The official paternity of the Complement System is attributed to Jules 
Bordet. The complement system can be activated through three major pathways. The classical 
pathway, the alternative pathway, and the lectin pathway converge in a common final lytic 
pathway. This chapter describes the historical discovery of biochemistry pathways implicated 
in the pathophysiology of bradykininergic angioedema (BK-AE).

2. Historical review of the Complement System

The origins of the discovery of the “Complement System” date from the second half of the 
nineteenth century. In that era, the works of Louis Pasteur (1822–1895), Robert Koch (1843–
1910) [1], and Joseph Lister (1827–1912) [2] contributed to the knowledge needed to consider 
many microorganisms as producers of lethal effects in humans. It was obvious that the human 
body, despite being constantly exposed to microorganisms, successfully overcame their 
assaults, discovering that many of them were destroyed in the blood, one of whose effector 
systems of defense was the “complement system” [3] (Figure 1).

Taube and Gscheidlen made one of the first observations that the blood of various mammals 
possessed bactericidal activity [4]. These authors injected microorganisms in the bloodstream, 
sampling at 24 and 48 hours while preserving them aseptically. Even months after storage, 
bacterial multiplication was not observed. Wyssokowitsch [5] and von Fodor [6, 7] repeated 
the experiment, injecting microorganisms in the blood of mammals, noting that within min-
utes there were no viable organisms; they thought that they had been cleared by the blood 
cells. Metschnikoff [8] found phagocytes that engulfed and destroyed microorganisms, but 
soon discovered that blood cells were not solely responsible. Grohmann [9] was the first sci-
entist who discovered that in vitro plasma (cell-free) was capable of lysing bacteria and fungi.

Nuttal [10], in experiments similar to those conducted previously by Wyssokowitsch [5] and 
von Fodor [6, 7], observed morphological changes in microorganisms (anthrax bacillus) that 
had escaped phagocytosis, concluding that they had been damaged by a noncellular process. 
After inoculating defibrinated sheep blood with bacteria, the bactericidal activity was pre-
served both in vivo and in vitro, but disappeared if the blood was heated to 45°C or was stored 
for several days at room temperature. A year later, Buchner [11, 12] reported that fresh serum 
was able to lyse bacteria, but if heated for 30 minutes at 55°C, this capacity was lost. He also 
found that the dialysis of fresh serum against water at 0°C for 18–36 hours abolished the lytic 
activity, but there was no loss when dialyzed against bicarbonate buffer containing 0.75–0.8% 
NaCl. He called fresh factor serum with bactericidal activity “alexina,” concluding that it was 
due to proteins with enzymatic activity.

Pfeiffer and Issaeff [13] reported that the activity of alexina was due to the joint action of spe-
cific antibodies and specific serum factor. In their experiment, the blood of guinea pigs that 
recovered from cholera infection protected normal guinea pigs if they were injected alexina 
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mixed with live bacteria. In vitro data showed that vibrios were eliminated only by fresh 
immune serum, but not by heat-inactivated immune serum. Protection against cholera pres-
ent during injections of heat-inactivated immune serum was due to the antibody. Therefore, 
bacterial lysis was due to the association of the antibody plus complement. Bacteriolytic 
ability of serum from animals immunized with a particular microorganism was higher than 
that of animals immunized against this microorganism.

The official paternity of the Complement System is attributed to Jules Bordet, who performed 
the critical experiments that identified the “complement system” in 1894 [14, 15]. Bordet 
[16, 17] showed that increased immune serum bactericidal activity was due to the action of 
two factors [3]:

(a) Thermostable factor increased by immunization, specifically reacting with the microor-
ganism used to immunize.

(b) Thermolabile factor present in normal and immune sera, nonspecific (at least in the way 
the thermostable factor was). Bordet quickly identified such a factor with the bactericidal 
activity or alexina described by Buchner [11, 12]. He was also able to lyse erythrocytes 
sensitized with specific antibodies against erythrocyte antigens.

Ferrata [18] showed that the complement consisted of several serum factors that could be 
separated by physicochemical means, but it was Brand [19] the following year who best char-
acterized both fractions [3]:

(a) He called the activity in the precipitate (euglobulins) “mid-piece” because he found that 
it acted after the antibody (front-piece) would bind to the cell (RBC).

(a) He called the activity in the supernatant (pseudo-globulins) “end-piece” because it acted 
only after the “mid-piece” had acted.

(b) Interaction of erythrocytes with the antibody, mid-piece, and end-piece, in that order, 
produced hemolysis.

Brand’s works established a number of assumptions:

(a) The action of the complement is sequential.

(b) An intermediate product as a function of hemolysis was generated.

Both the mid-piece and the end-piece are temperature sensitive.

2.1. Historical development of the classical complement pathway

Ritz [20] and Coca [21] were the first to demonstrate the existence of a third component other 
than the mid- and end-piece following observation of the destructive effect of cobra venom on the 
complement [3] (Figure 2). Coca treated fresh serum with yeast, concluding that the third compo-
nent was capable of combining with yeast and he called it C′3. Gordon et al. [22] showed a fourth 
component, which he called C′4 when observing that the ammonium destroyed a thermostable 
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factor from serum other than C′3 (the mid-piece was called C′1 and the end-piece was renamed 
C′2). It should be noted at this point that C′1 and C′2 do not correspond to the current fractions 
C1 and C2, since both constitute the full complement including C′3 and C′4. Ueno [23] established 
the order of performance of the components known up to that time. Pillemer [24] managed to 
separate the four serum fractions into different components and set the activation sequence C′1, 
C′4, C′2, and C′3. It was not until the early 1960s, once chromatographic methods were developed, 
that the various components could be purified. Nelson [25, 26] showed that in reality the third 
component C′3 was formed by at least six factors (C′3c, C′3b, C′3e, C′3f, C′3a, and C′3d). Having 
established that these were proteins not related to C′3 acting at a later stage, he called them C′5, 
C′6, C′7, C′8, and C′9, respectively. As of 1968, World Health Organization (WHO) annulled the 
symbol “′” leaving it currently C1, C2, and so on.

2.2. Historical development of the alternative complement pathway

The heavy reliance of the study of the classical complement pathway using erythrocytes sen-
sitized with antibodies for activation did not even consider the possibility of activation by 
other substances [3]. However, since the early twentieth century, there were data suggesting 
that it was possible to lyse erythrocytes with cobra venom without antibodies and with the 
participation of various components other than those of the classical pathway. Pillemer [27] 
was the father of the discovery of the alternative pathway upon describing a protein or a new 
component called “properdin,” which when absent diminished the bactericidal potency of 
serum against certain bacteria.

2.3. Historical development of the final common lytic complement pathway

Green et al. [28] suggested that the cytolysis mediated by complement involved the pro-
duction of pores in the cell membrane on the grounds that large molecules (dextrans and 
albumin) prevented cell lysis when present in high concentration in the reaction medium; 
on the contrary, but small molecules did not [3] (Figure 2). Cell rupture was thought to be 
due to a colloid-osmotic swelling process that finally finished by lysing the cell. Borsos et al. 
[29], with the use of electron microscopy, visualized ultrastructural lesions etched into cell 
membranes, showing that the lesions were associated with the cytolytic complement activity. 
Lachman [30] showed that the five terminal components C5, C6, C7, C8, and C9 were neces-
sary and sufficient to cause such lesions. Haxby [31] and Kinsky [32] were the first to demon-
strate that the lipid bilayer was the target of the “membrane attack complex” (MAC), noting 
that C5-C9 directly damaged the integrity of the bilayer without any enzymatic activity.  
Mayer [33] formulated the “donut hypothesis” where cell damage is achieved through the 
formation of a structure described as a donut, forming stable transmembrane pores. Lysis 
would be explained by the osmotic difference between the exterior and the interior cell 
through the transmembrane channel. Bhadki [34] and Podack [35] observed that the MAC 
was due to C5-C9 multimolecular assembly. Bieseker [36] initially postulated a dimeric struc-
ture (C5-9)2, but Bhakdi [37] suggested a monomeric complex with the same structure as 
the complex SC5b-9 (“S” was one of the proteins that control the MAC). The C9 alone forms 
complexes structurally similar to the full MAC [38].
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3. Historical review (from C1 inhibitor to bradykinin)

Hereditary angioedema (HAE) due to C1-inhibitor (C1-INH) deficiency (C1-INH-HAE), also 
known as “non-allergic angioneurotic edema,” “AE without urticaria,” or “Osler’s hereditary 
edema” is a potentially fatal clinical entity, which in recent years has become an example to be 
followed because of the great progress made from the union of researchers, physicians, and 
patient associations worldwide (Figure 3).

It was first described in 1843 by Robert Graves in his clinical lectures. In 1882, Heinrich 
Quincke documented some cases of acute, circumscribed edema, involving two generations 
of the same family and coined the term angioneurotic edema [39]. Subsequently, Sir William 
Osler in 1888 first described in detail an inherited form of angioedema (AE) [40], from which 
in 1917 the hereditary type was identified [41]. The disease was defined biochemically in 1963 
by Donaldson and Evans [42], as an absence of serum inhibitor of the first component of the 
complement. Dating from 1972 is the first case of acquired angioedema due to C1 inhibitor 
deficiency (C1-INH-AAE) in lymphosarcoma [43].

The main symptom of C1-INH-HAE is the attack of AE, the laryngeal location being the most 
serious. Landerman [44] reviewed all the medical literature published between 1888 and 
1962 and found 28 publications of more than one case of death from fatal laryngeal attacks in 
more than one family with C1-INH-HAE. The total number of deaths due to C1-INH-HAE 
was 92.

In 1960, Spaulding demonstrated the efficacy of methyl testosterone in the treatment of 
C1-INH-HAE in a family [45]. In 1976, a double-blind placebo-controlled trial demonstrated 
the efficacy of danazol for the treatment of C1-INH-HAE [46]. It was then when stanozolol, 
another attenuated androgen, started to be used [47].

In 1968, the first case of C1-INH-HAE successfully treated with epsilon-aminocaproic acid 
(EACA) was published [48], although it was not until 1972 when the efficacy of anti-fibrinolytic  
agents (AFs), EACA, and tranexamic acid was demonstrated in double-blind clinical trials 
[49, 50]. AFs are reserved for those patients who cannot tolerate attenuated androgens or pres-
ent contraindications for their administration.

An article published in 1973 described for the first time the administration of concentrated 
C1-INH (pdC1INH), partially purified from a mixture of human plasma, in two patients 
[51]. Previously, replacement therapy in patients with C1-INH-HAE in the attack phase 
had been attempted with fresh-frozen plasma [52], which was abandoned later because of 
the risk of viral transmission, although it was still used in case of pdC1INH being unavail-
able [53].

In the USA, two double-blind placebo-controlled clinical trials had been conducted with pdC1INH, 
which had proven its efficacy and safety [54]; however, the Food and Drug Administration (FDA) 
had not yet approved its use in the 2000s. At that time, Berinert-P® (Behring, Marburg, Germany) 
was commercialized in Germany and a few European countries [55] and was available in Spain, 
where it was imported through the Foreign Medicines service [56].
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In 1986, the C1NH gene was identified (Gene Bank X54486; Swiss-Prot P05155), which encodes the 
C1INH protein, also called SERPING1, located on chromosome 11 subregion q11-q13.1 [57–59].

Although the possible relationship between AE and estrogens in women was described as 
early as 1986 [60], it was not until the first decade of the twenty-first century when several 
series of patients with HAE were described with normal levels of the fractions of the comple-
ment system [61, 62]. It was originally called HAE type III [62]. Finally, a mutation was found 
in F12 gene in some of the families [63–65].

Initially, C2-kinin, a vasoactive peptide generated by cleavage of the C2b fragment was 
thought to be involved in angioedema formation in C1-INH-HAE [66].

In 1998, there was growing support for another hypothesis in the generation of AE. It argued 
that BK was the most important mediator in the development of AE [67] and had been proven 
through clinical, in vitro studies and experiments in an experimental model of C1INH-
deficient transgenic mice [68]. In 2002, a transgenic mouse with C1 inhibitor deficiency was 
developed by Professor Davis [69].

Figure 3. Historical review of angioedema due to C1-inhibitor deficiency.

A Comprehensive Review of Urticaria and Angioedema212



In 1986, the C1NH gene was identified (Gene Bank X54486; Swiss-Prot P05155), which encodes the 
C1INH protein, also called SERPING1, located on chromosome 11 subregion q11-q13.1 [57–59].

Although the possible relationship between AE and estrogens in women was described as 
early as 1986 [60], it was not until the first decade of the twenty-first century when several 
series of patients with HAE were described with normal levels of the fractions of the comple-
ment system [61, 62]. It was originally called HAE type III [62]. Finally, a mutation was found 
in F12 gene in some of the families [63–65].

Initially, C2-kinin, a vasoactive peptide generated by cleavage of the C2b fragment was 
thought to be involved in angioedema formation in C1-INH-HAE [66].

In 1998, there was growing support for another hypothesis in the generation of AE. It argued 
that BK was the most important mediator in the development of AE [67] and had been proven 
through clinical, in vitro studies and experiments in an experimental model of C1INH-
deficient transgenic mice [68]. In 2002, a transgenic mouse with C1 inhibitor deficiency was 
developed by Professor Davis [69].

Figure 3. Historical review of angioedema due to C1-inhibitor deficiency.
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In the last decade, several drugs have been approved and marketed in Europe, in the United 
States, and in other countries, contributing to improved management of C1-INH-HAE and 
patient’s quality of life.

First, icatibant acetate (Firazyr®, Shire HGT, Zug, Switzerland) [70, 71], a bradykinin B2 recep-
tor blocker, was approved by the European Medicines Agency (EMA) in 2008 for the treat-
ment of acute AE attacks in adult patients with C1-INH-HAE [72] and was marketed in Spain 
in March 2009.

In 2008, a new C1-esterase inhibitor formulation, Cinryze®, was approved by FDA for the 
long-term prophylaxis of C1-INH-HAE [73]. This drug incorporated a nanofiltration step as 
an extra safety procedure to reduce the transmission of enveloped and nonenveloped viruses 
and possible prions [74, 75] and had been shown to be effective in reducing the number of 
AE attacks per month [76, 77]. In 2011, the European Medicines Agency (EMA) approved the 
marketing of Cinryze® for long-term prophylaxis, but also for short-term prophylaxis and 
treatment of acute AE attacks in adults and adolescents with C1-INH-HAE [78].

Berinert®, which had been marketed in Germany in 1985, was approved in 2008–2009 in dif-
ferent European countries through a mutual recognition agreement for the treatment of acute 
AE attacks in children and adults with C1-INH-HAE. Later, it also incorporated the nano-
filtration step and it was approved by the EMA for short-term prophylaxis in children and 
adults in 2013 [79]. In 2009, FDA approved Berinert® for the treatment of acute abdominal and 
facial AE attacks in adolescents and adults with C1-INH-HAE [80].

In December 2009, Ecallantide (DX-88, Kalbitor®, Dyax Corp, currently part of Shire HGT), a 
kallikrein inhibitor, was approved by the FDA for the treatment of acute AE attacks in patients 
>16 years with C1-INH-HAE [81]. It was later approved for adolescents (2014).

A recombinant C1 inhibitor (rhC1INH) (Ruconest®, Pharming Technologies BV®, Leiden, The 
Netherlands) produced in transgenic rabbits [82] was approved by EMA in 2010 for the treat-
ment of acute AE attacks in adult patients with C1-INH-HAE [83]. It was in 2014 when the 
FDA approved it for the same indication by FDA [84].

Some European centers have developed training programs for self-administration of intrave-
nous and subcutaneous specific drugs for the treatment of C1-INH-HAE [85–90].

The development of new drugs or new uses for old drugs changed the therapeutic approach 
in C1-INH-HAE in the last decade. However, the development of new drugs will even alter 
more therapeutic landscape for C1-INH-HAE in the next years.

4. Historical review (from C1 inhibitor to coagulation factor XII)

In hereditary angioedema (HAE) with mutation in F12 gene (FXII-HAE), symptoms are simi-
lar to C1-INH-HAE, there are no abnormalities in the C1NH gene and antigenic and functional 
C1INH, C1q and C4 are usually within the normal range [91]. The final common mediator is 
thought to be bradykinin (BK). The history of the description of nC1-INH-HAE can be seen 
in Figure 4.
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Figure 4. Historical review of angioedema type III.
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In 2000, Binkley et al. [92] analyzed the family tree of eight women from three different gen-
erations noting that AE episodes were triggered by estrogen treatment (OCPs, hormone 
replacement therapy in menopause) or by pregnancies, the onset being at 14–21 days after 
conception, and at 7–14 days after the initiation of hormone replacement therapy. Börk et 
al. [93] described simultaneously a series of 36 women with angioedema with functionality 
conserved in the different fractions of the complement system (including C1 inhibitor), and 
who worsened in relation to situations of increased estrogens. Bork et al. [93] proposed to call 
this new AE type as HAE type III. Simultaneously, Marcos et al. [94] described in the XXII 
National SEAIC Congress the first family case in Spain, data that would be extended over the 
years [95]. One year later, Martin et al. [96] contributed data regarding the transmission of 
“HAE type III” in France.

Boulliet et al. [97] reported that increased levels of estrogen in healthy women have pro-
duced a reduction of C1INH, which entailed an increase in amidolytic FXII activity. Dewald 
et al. analyzed 20 unrelated women with HAE without C1INH deficiency, finding two muta-
tions in the F12 gene in the second position of the ACG codon, corresponding to the residual 
amino acid 309; mutation I (five patients) 1032C>A; Thr309Lys; and mutation II (1 patient) 
1032C>G; Thr309Arg (Figure 4). This mutation was not found in 145 healthy controls. Later, 
these authors extended the study to five families with 20 symptomatic patients and 10 asymp-
tomatic family members (eight men and two women), which showed the presence of one of 
the two mutations [98]. Cichon et al. [99] studied a family proving that the increased amido-
lytic enzymatic activity of FXII in women produced an increase in the production of kinins. A 
year later, Martin et al. [100] studied four generations of one family with eight members who 
were carriers of the F12 gene 1032C>A mutation (four symptomatic and four asymptomatic), 
noting that in women symptoms were triggered or exacerbated by estrogens, whereas in men 
the symptoms were milder.

Börk et al. [101] described 35 symptomatic women from 13 different families with FXII-
HAE (with proven mutations p.Thr309Lys/p.Thr309Arg). Triggers were taking OCPs 
(17 women) and pregnancy (3 women). A symptomatic exacerbation occurred after tak-
ing OCPs (8 women), pregnancy (7 women), hormone replacement therapy with estro-
gen (3 women), taking ACE inhibitors (2 women) and taking type 1 ACE receptor blocker 
(1 woman). pdC1INH was effective as the treatment of acute AE attacks (6 women) and 
progestogens (8 women), danazol (2 women), and tranexamic acid (1 woman) were used as 
prophylactic treatment.

Börk et al. proposed to use FXII-HAE to name those cases of nC1-INH-HAE with a mutation 
in F12 gene and unknown-HAE (U-HAE) to those without a known mutation [101].

The series with the largest number of hereditary (related to estrogen) (HAE type III) corre-
sponds to Börk et al., who described 69 patients from 23 unrelated families with HAE-FXII, 
and 196 patients with U-HAE [102].

An increase in FXII amidolytic activity was initially described as the cause of activation of 
contact system and the final release of bradykinin with the consequent angioedema in FXII-
HAE [99], although other authors could not confirm this. Recently, another study has shown 
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that the different mutations in exon 9 of F12 gene found in FXII-HAE produce an increase in 
FXII activability by plasmin [103].

In Spain, several studies have been published focusing on FXIII-HAE: Serrano et al. [104] (six 
cases; two of them women from the same family) and Prieto et al. [105] (four generations of 
the same family with mutation 1032C>A; Thr309Lys; three symptomatic women, one male 
asymptomatic carrier).

Baeza et al. [106] described a nonatopic 27-year-old Arab woman from Morocco with a clinical 
diagnosis of hereditary angioedema type III and the p.Thr328Lys mutation. Icatibant acetate 
was prescribed for compassionate use.

Gómez-Traseira et al. [107] describes 20 cases (11 females and 9 males on a large 3-generation 
Spanish family). The p.Thr309Lys mutation was detected in five female patients who had a 
phenotypic variant in which AE was exclusively precipitated by high estrogen levels and in 
six asymptomatic relatives.

Piñero-Saavedra et al. [108] described p.Thr309Lys mutation in 35 individuals (80% females) 
from 9 unrelated families. In this prospective observational cohort study, 16 females (44% 
estrogen dependent, 56% estrogen sensitive) were clearly symptomatic. Also, two poly-
morphisms (XPNPEP2 c-2399A and the ACE insertion/deletion) were detected in 17% of 
patients.

The University Hospital in Grenoble is a reference center for the study of FXII-HAE in France. 
As a result of this, Vitrat-Hincky et al. [109] published a retrospective analysis (for the years 
2000–2009) with 26 patients, which included four symptomatic men).

Duan et al. [110] not only confirmed the F12 gene mutation (gene-codifying coagulation factor 
XII) in women of the same family but also provide certain polymorphisms in the genes encod-
ing aminopeptidase P (APP) and angiotensin-converting enzyme (ACE). It highlights the role 
of the BK-catabolizing enzymes in the pathogenesis of angioedema.

Börk et al. [111] described a new mutation in the F12 gene (deletion of 72 base pairs 
c.971_1018+24del72*). More recently, Kiss et al. [112] described a new mutation consisting in 
the duplication of 18 base pairs (c.892_909dup) causing the repeated presence of 6 aa (p.298-
303) in the same region of FXII to those described above.

Grumach et al. [113] report two Brazilian FXII-HAE families segregating the mutation c.983 
C>A (p.Thr328Lys). In each family, one patient with a homozygous mutation was found. The 
homozygous FXII-HAE mutation status leads to a severe phenotype in females and males, 
and to an increased risk of manifest symptoms in the latter.

In terms of treatment, there is no approved drug for the treatment of nC1-INH-HAE, 
either FXII-HAE or U-HAE. The pdhC1INH has been used in the acute attack of AE in 
some cases of FXII-HAE [102, 114, 115]. More recently, icatibant acetate was effective but 
also used off-label as this indication is not reflected in the product’s prescribing informa-
tion [115].
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Abstract

Angioedema is a rapid, localized and temporary subcutaneous edema, which targets 
the lips, eyelids, gastrointestinal and respiratory mucosa resulting in abdominal pain, 
asthma and even serious life‐threatening conditions like airway obstruction. There are 
several other disorders such as allergic contact dermatitis, drug rash with eosinophilia 
and systemic symptoms (DRESS), superior vena cava syndrome (SVCS), orofacial granu‐
lomatosis and so on, which manifest with subcutaneous swelling and masquerade as 
angioedema and are known as ‘pseudoangioedema’ in the literature. Knowledge of pseu‐
doangioedema for healthcare professionals is crucial to avoid potentially serious results 
of misdiagnosis such as further investigations, unnecessary applications and delayed 
diagnosis. We aim to discuss differential diagnosis of angioedema and help physicians 
recognize the typical features of angioedema and its differential diagnosis in this chapter.

Keywords: angioedema, pseudoangioedema, angioedematous, pseudoangioedematous, 
angioedema differential diagnosis, angioedema mimickers, swellings mimic angioedema, 
masquerading as angioedema, angioedema similar disease

1. Introduction

Angioedema is defined as a rapid, localized and temporary swelling of the skin and/or mucous 
membranes caused by increased endothelial permeability and extravasation of intravascu‐
lar fluid into the interstitial tissues. It has predilection sites, including the lips, tongue, eye‐
lids, gastrointestinal and respiratory mucosa [1, 2]. Angioedema represents one of the most 
common airway emergencies, so quick diagnosis and intervention mean the life of a patient. 
Although coexistence with urticaria is frequent (50%), angioedema without urticaria is defined 
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as a  distinct disease. Angioedema without urticaria, called Quincke's edema/angioneurotic 
edema, is classified into two main categories: hereditary and acquired angioedema [1–3]. 
Hereditary angioedema is a severe and rare form caused by genetic mutations in the comple‐
ment C1 inhibitor, factor XII gene or unknown etiology. Four types of acquired angioedema are 
identified: idiopathic histaminergic angioedema, idiopathic non‐histaminergic angioedema, 
acquired angioedema related to angiotensin‐converting enzyme inhibitors and acquired 
angioedema with C1 inhibitor deficiency [3]. Several disorders can cause subcutaneous swell‐
ing and are often misdiagnosed as angioedema. These conditions which mimic angioedema 
are known as ‘pseudoangioedema’ in the literature [2, 4]. Misdiagnosis may lead to life‐threat‐
ening results because of ineffective management of these serious medical conditions. There 
are some clues help distinguish angioedema from other causes of swelling. Angioedema is 
characterized by asymetric and transient swelling, typically lasting 24–48 hours. It is essential 
to be aware of angioedema mimickers for healthcare professionals in both the emergency and 
outpatient  setting [1, 2, 4].

2. Research design

This chapter based on a literature search in Pubmed using the keywords ‘angioedema’, ‘pseudo‐
angioedema’, ‘angioedematous’, ‘pseudoangioedematous’, ‘angioedema differential  diagnosis’, 
‘angioedema mimickers’, ‘swellings mimic angioedema’, ‘masquerading as angioedema’ and 
‘angioedema similar disease’. Case reports, clinical trials, cohort studies, systematic reviews and 
meta‐analyses associated with these keywords published up until now were evaluated.

3. Differential diagnosis for pseudoangioedematous disorders

The most common and important angioedema mimickers are discussed in this chapter.

3.1. Contact dermatitis

Contact dermatitis is an inflammatory skin disease due to delayed type hypersensitivity 
response after a direct contact with irritating or allergenic  foreign  substances. Contact der‐
matitis of the face frequently causes severe swelling of the facial and periorbital skin similar 
to angioedema [2, 4, 5], as in our case (Figure 1).

The first manifestation of contact dermatitis may be angioedema‐like swelling but after a 
while, superficial erythema, vesicles or blisters and later eczematous dermatitis develop, 
whereas angioedema does not have these clinical signs [2, 4]. It can also be distinguished 
from angioedema by a history of exposure to chemical agents, especially cosmetic prod‐
ucts. Facial contact dermatitis is becoming a common problem because of the increase in 
the use of cosmetic products, and the cosmetic market has grown progressively. Unlike 
angioedema, antihistamines are not effective, and causative agents can be identified by an 
epidermal patch test [5].

A Comprehensive Review of Urticaria and Angioedema228



as a  distinct disease. Angioedema without urticaria, called Quincke's edema/angioneurotic 
edema, is classified into two main categories: hereditary and acquired angioedema [1–3]. 
Hereditary angioedema is a severe and rare form caused by genetic mutations in the comple‐
ment C1 inhibitor, factor XII gene or unknown etiology. Four types of acquired angioedema are 
identified: idiopathic histaminergic angioedema, idiopathic non‐histaminergic angioedema, 
acquired angioedema related to angiotensin‐converting enzyme inhibitors and acquired 
angioedema with C1 inhibitor deficiency [3]. Several disorders can cause subcutaneous swell‐
ing and are often misdiagnosed as angioedema. These conditions which mimic angioedema 
are known as ‘pseudoangioedema’ in the literature [2, 4]. Misdiagnosis may lead to life‐threat‐
ening results because of ineffective management of these serious medical conditions. There 
are some clues help distinguish angioedema from other causes of swelling. Angioedema is 
characterized by asymetric and transient swelling, typically lasting 24–48 hours. It is essential 
to be aware of angioedema mimickers for healthcare professionals in both the emergency and 
outpatient  setting [1, 2, 4].

2. Research design

This chapter based on a literature search in Pubmed using the keywords ‘angioedema’, ‘pseudo‐
angioedema’, ‘angioedematous’, ‘pseudoangioedematous’, ‘angioedema differential  diagnosis’, 
‘angioedema mimickers’, ‘swellings mimic angioedema’, ‘masquerading as angioedema’ and 
‘angioedema similar disease’. Case reports, clinical trials, cohort studies, systematic reviews and 
meta‐analyses associated with these keywords published up until now were evaluated.

3. Differential diagnosis for pseudoangioedematous disorders

The most common and important angioedema mimickers are discussed in this chapter.

3.1. Contact dermatitis

Contact dermatitis is an inflammatory skin disease due to delayed type hypersensitivity 
response after a direct contact with irritating or allergenic  foreign  substances. Contact der‐
matitis of the face frequently causes severe swelling of the facial and periorbital skin similar 
to angioedema [2, 4, 5], as in our case (Figure 1).

The first manifestation of contact dermatitis may be angioedema‐like swelling but after a 
while, superficial erythema, vesicles or blisters and later eczematous dermatitis develop, 
whereas angioedema does not have these clinical signs [2, 4]. It can also be distinguished 
from angioedema by a history of exposure to chemical agents, especially cosmetic prod‐
ucts. Facial contact dermatitis is becoming a common problem because of the increase in 
the use of cosmetic products, and the cosmetic market has grown progressively. Unlike 
angioedema, antihistamines are not effective, and causative agents can be identified by an 
epidermal patch test [5].

A Comprehensive Review of Urticaria and Angioedema228

3.2. Drug rash with eosinophilia and systemic symptoms (DRESS)

DRESS syndrome is a rare life‐threatening cutaneous adverse drug‐induced reaction associ‐
ated with 10% mortality. Aromatic anticonvulsants, especially phenytoin, carbamazepine and 
phenobarbital, are the most common causes of DRESS [6–9]. Although there can be various 
manifestations, it usually starts as diffuse morbilliform rash later becoming indurated with 
associated edema. There is often aberrant facial edema, especially in the periorbital and mid‐
facial region that can sometimes be mistaken for angioedema. 25% of patients have prominent 
facial swelling [6, 8]. History of medication, lymphadenopathy and other systemic findings 
and laboratory test results such as eosinophilia help differentiate this medical condition from 
angioedema. The onset of symptoms occurs 2–6 weeks after drug administration, longer than 
other drug reactions. There is no reliable standard for the diagnosis of DRESS, and manage‐
ment is the discontinuation of the causative drug [6, 9].

3.3. Dermatomyositis and lupus erythematosus

Dermatomyositis is an autoimmune inflammatory disorder, which affects the skin, mus‐
cles and blood vessels. Cutaneous manifestations are intense erythema and edema on the 
dorsum of the hands and periorbital region [10–13]. Heliotrope rash is a distinctive feature 
defined as periorbital erythema with symmetrically distributed edema. Gottron papules are 

Figure 1. Contact dermatitis with severe facial swelling after hair dyeing.
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 erythematous to violaceous plaques often on the extensor joints of hands [10, 12, 13]. Although 
it may mimic angioedema due to periorbital edema, accompanying symmetrical proximal 
muscle weakness, fatigue, weight loss and elevated serum creatine kinase levels distinguish 
the disease from angioedema [14]. Diagnosis is confirmed by typical, clinical electromyogra‐
phy patterns, elevated muscle enzymes and muscle biopsy [12, 13].

Angioedematous appearance of the periorbital area is also a rare presentation of systemic 
lupus erythematosus. A pathophysiological mechanism of this condition is explained by auto‐
antibodies against C1 inhibitor causing acquired deficiency of C1 esterase inhibitor [15, 16]. 
Although periorbital edema as the sole presenting manifestation of cutaneous lupus erythe‐
matosus is extremely rare, it is very rarely associated with discoid lupus erythematosus and 
lupus erythematosus profundus [17, 18].

3.4. Morbihan disease

Rosacea is a common cutaneous disease that affects middle‐aged individuals present with a 
variety of clinical manifestations. Morbus Morbihan is a rare complication of rosacea charac‐
terized by chronic erythematous edema of the face, exclusively in the forehead and periorbital 
region which mimics angioedema [19, 20]. There is no specific laboratory and histopathologic 
findings to verify diagnosis. The patient has no complaint. Furthermore, other clinical fea‐
tures of rosacea like telangiectases, inflammatory papules and pustules may not be present 
as well [19]. This disorder could be differentiated from angioedema by refractory, aberrant 
and solid edema without spontaneous involution [4]. Reported therapies include systemic 
corticosteroids, tetracyclines, isotretinoin, clofazimine and ketotifen. Excision of redundant 
edematous tissue is a surgical alternative treatment [21].

3.5. Superior vena cava syndrome

Superior vena cava syndrome (SVCS) is an obstruction or severe reduction in blood flow 
through the superior vena cava. SVCS has been associated with infections and malignancies 
but more recently, with the increased use of intravascular devices; as in our case (Figure 2), 
more cases have been associated with pacemaker implantations. Despite the increase in 
thrombus‐related SVCS, malignancies remain the most common cause of SVCS. Facial and 
neck swelling which mimic angioedema is present in 82% of the patients [22, 23].

However, angioedema symptoms are often episodic, whereas SVCS is characteristically per‐
sistent and progressive. The other clue to differentiate SVCS from angioedema is increase 
of signs when the patient is in a supine position [23]. Diagnosis of SVCS is confirmed by a 
Doppler ultrasound and CT scan of the chest including thoracic inlet. Prognosis and treat‐
ment of SVCS depend on the underlying disease [22, 23].

3.6. Subcutaneous emphysema

Subcutaneous emphysema is a rare disease with the sudden onset of swelling as a result 
of air entrapment under the skin [24–27]. There are various causes including blunt or 
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 penetrating trauma to the chest or neck, following gastrointestinal perforation (corrosive 
burns of the esophagus, Boerhaave's syndrome, gas gangrene), diving injuries, endoscopy, 
tracheostomy, cryosurgery, dental surgery or skin biopsy [24]. The majority of the cases 
which mimic angioedema is reported after a dental surgery [24, 27]. The main clinical clue 
for differentiation from angioedema is a characteristic crackling sensation created as the gas 
is pushed through the tissue during palpation which is called crepitus [4, 24, 26]. In doubtful 
cases, an X‐ray or a CT scan could be performed [25]. Severe subcutaneous emphysema can 
cause compression of the upper airway and jugular venous compression, which can lead 
to airway and cardiovascular compromise. Trauma‐related causes may require emergent 
surgical intervention [27].

3.7. Hypothyroidism

Low levels of thyroid hormones cause symptoms including weight gain, constipation, dry 
skin, thinning of hair, hoarse voice, fatigue, lethargy, depression and cold intolerance. Eyelid 
swelling associated with hypothyroidism is uncommon and can occasionally mimic angio‐
edema [28, 29]. Eyelid swelling is a clinical sign of severe acute hypothyroidism. Other more 
common dermatologic manifestations of hypothyroidism are thin, dry, rough, hyperkera‐
totic skin and rough, brittle hair [28]. In the case of sudden‐onset, permanent, asymptomatic 
and bilateral soft swelling, hypothyroidism should be suspected. Diagnosis is confirmed 
with low levels of thyroid hormones, and treatment is hormone replacement [4, 28, 29].

3.8. Orofacial granulomatosis

Orofacial granulomatosis is a rare disease which presents as a swelling of the oral and maxillo‐
facial region secondary to granulomatous reaction. The most common clinical presentation is 

Figure 2. Facial and neck swelling with dilatation of pectoral veins in a patient with superior vena cava syndrome.

Pseudoangioedema
http://dx.doi.org/10.5772/67850

231



swelling of the lips [30–32]. Melkersson‐Rosenthal syndrome is an idiopathic disorder involv‐
ing persistent and recurrent painless swelling of the face and lips, classically associated with 
facial palsy and a fissured tongue. Cases of Melkersson‐Rosenthal syndrome with only labial 
involvement is defined as granulomatous cheilitis, which masquerades as angioedema [29, 31, 
33]. The etiology is unknown, some authors hypothesized it as a manifestation of sarcoidosis 
or Crohn's disease. Ano‐genital granulomatosis may be regarded as the counterpart of orofa‐
cial granulomatosis [34]. It is also a rare chronic inflammatory condition that can present as 
diffuse penile, scrotal, vulvar or ano‐perineal swelling which mimic angioedema [34, 35]. In 
addition, granulomatous reactions after cosmetic dermal filler injection reports, similar to our 
case (Figure 3), are increasing in the last decades due to the growing cosmetic market [36]. 
Although some clues like the chronic and persistent nature of edema persist, histopathological 
examination is obligated for differential diagnosis of orofacial granulomatosis from angio‐
edema and other pseudoangioedematous disorders [30–36].

Systemic steroid therapy is widely used for orofacial granulomatosis, Melkersson‐Rosenthal 
syndrome and other granulomatous foreign body reaction such as cosmetic dermal fillers 
[30–36]. A combination of minocycline, clofazamine, non‐steroidal anti‐inflammatory drugs 
and thalidomide is reported as other therapies for Melkersson‐Rosenthal syndrome [32, 33]. 
Surgical excision is another alternative option for Melkersson‐Rosenthal syndrome and gran‐
ulomatous foreign body reaction [32, 36].

Figure 3. Granulomatous reaction on the lips and mandibular area 7 years after dermal filler injection.
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3.9. Hypocomplementemic urticarial vasculitis syndrome

Urticarial vasculitis is characterized by recurrent urticarial lesions, angioedema and histologically 
with necrotizing venulitis. The patients have been categorized into two subgroups: those with 
hypocomplementemia and those with normal complement levels [37–39]. Hypocomplementemic 
urticarial vasculitis syndrome is a rare entity associated with urticaria and persistent acquired 
hypocomplementemia. It was identified as a systemic lupus erythematosus‐related syndrome 
or hypocomplementemic cutaneous vasculitis [37]. Angioedema occurs in up to 50% of patients, 
frequently involving the lips, tongue, periorbital tissue and hands and can be the first sign of 
this syndrome. Characteristic cutaneous lesions of hypocomplementemic urticarial vasculitis 
syndrome are painful and usually resolve with postinflammatory hyperpigmentation. There 
are also systemic findings such as renal, pulmonary, gastrointestinal, neurologic, rheumatologic 
and ophthalmic. Treatment is determined by severity and systemic involvement of the disease, 
including systemic corticosteroids and immunosuppressants [37–39].

3.10. Weber‐Christian disease

Weber‐Christian disease (relapsing febrile panniculitis) is a very rare lobular panniculitis sub‐
type associated with painful subcutaneous nodules, which are mainly present in the extremi‐
ties and trunk, and systemic symptoms include fever, malaise, polyarthralgia and so on. [40]. 
Typically, lesions are distributed symmetrically on the legs and thighs. Furthermore, perior‐
bital lesions  which mimic angioedema can be detected  in Weber‐Christian disease, as well. 
Diagnosis is based on histological and clinical findings. Treatment of Weber‐Christian disease 
includes systemic corticosteroid, non‐steroidal anti‐inflammatory drugs, anti‐malarial drugs 
and immunosuppressive drugs in resistant cases [2, 40].

3.11. Infections

Infections localized in the tongue, lips and periorbital area cause swelling and masquerade as 
angioedema. Such infections persist until treated and thus must be differentiated from acute 
angioedema [2, 29]. It is important to consider infection as well as angioedema when confronted 
with lower lip swelling in the emergency department [41, 42]. Few cases of methicillin‐resistant 
Staphylococcus aureus‐related facial or lip infections mimicking angioedema are present in the 
literature [42]. Tongue abscess is also a very rare entity, causes enlargement of the tongue, and 
can be easily misdiagnosed as angioedema. Medical history of injury by foreign body, trauma 
or piercing of the tongue is helpful for differentiation from angioedema [42, 43].

Parasitic infections may be the reason for pseudoangioedema. Trichinosis and tropical fila‐
riasis can present as periorbital edema and be easily misdiagnosed as angioedema as well. 
Romana's sign is unilateral periorbital swelling detected in Chagas disease (also known as 
American trypanosomiasis) and mimics angioedema [2, 29].

3.12. Lymphoproliferative disorders

Lymphoproliferative diseases, B‐cell lymphomas and monoclonal gammopathy of unde‐
termined significance cause acquired angioedema secondary to C1 inhibitor deficiency. 
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Previously, a few rare cases of peripheral T‐cell lymphoma presenting periorbital, upper and 
lower lip edema, initially mistaken for angioedema, are reported [44–46]. The clinical findings 
to differentiate from angioedema are progression and no resolution of these lesions. The final 
diagnosis is based on histopathologic examination [2, 45, 46].

3.13. Mucinosis and other infiltrating disorders

The most common pseudoangioedematous endocrinopathy is autoimmune thyroid disorder 
[1, 2]. Thyroid orbitopathy is a gradual swelling of the periorbital tissue related to severe 
hypothyroidism or Grave's disease. Both facial myxedema due to hypothyroidism and pre‐
tibial myxedema due to Grave's disease are caused by mucin deposition in the dermis [47, 48].

Scleromyxedema (papular mucinosis) is dermal mucin deposition without thyroid disease. 
It is frequently detected with paraproteinemia [1, 2, 49, 50]. The clinical features consist of 
forehead swelling and deep longitudinal furrows cause a lion‐like face [49, 50].

The amyloidosis is a group of diseases, which is a result of extracellular deposition of amy‐
loid fibrils. Pathognomonic clinical features of systemic amyloidosis include a combination of 
macroglossia and periorbital purpura [51]. Macroglossia could masquerade as angioedema 
which affects the tongue. Other systemic involvements (cardiac, renal and neurologic, etc.) 
and aberrant persistent edema are helpful to differentiate this clinical entity from angioedema. 
Diagnosis is confirmed by Congo red staining of amyloid fibrils in the histopathologic exami‐
nation [2, 51].

3.14. Clarkson's disease (idiopathic systemic capillary leak syndrome)

Idiopathic systemic capillary leak syndrome, called Clarkson's disease, is a rare life‐threatening 
disease manifested by recurrent episodes of sudden hypovolemic shock and massive edema 
due to the capillary leakage of plasma from the intravascular to the extravascular compart‐
ments. Approximately 79–82% of these patients have monoclonal gammopathy of unknown 
significance [1, 52, 53]. Angioedema should be considered upon the initial presentation of 
Clarkson's disease. Generalized symmetrical cutaneous swelling and a characteristic triad of 
hypotension, hemoconcentration and hypoalbuminemia in the absence of secondary causes 
of shock are helpful clinical features to differentiate from angioedema [1, 4]. Systemic cortico‐
steroids and intravenous immunoglobulin are used in the treatment of this condition [52, 53].

3.15. Gleich's syndrome (episodic angioedema with eosinophilia)

Gleich's syndrome is a rare disorder characterized by episodes of angioedema, eosinophilia 
and resolves spontaneously without therapy. The etiology is unknown and typical clinical 
features are angioedema, fever, eosinophilia, elevated serum IgM, increased body weight and 
benign course without internal organ involvement [1, 4, 54]. The presence of specific labora‐
tory features, together with the other characteristic clinical manifestations, should differenti‐
ate this entity from classical angioedema [4]. Systemic corticosteroids and imatinib have been 
reported beneficial for its treatment [1, 4].
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3.16. Idiopathic edema

Idiopathic edema is the persistent self‐limited fluid retention in the gravitationally dependent 
areas, especially on the lower limbs. There is a female predominance and it is prominent in 
premenstrual periods, which is why the condition is also known as ‘cyclical edema’ [4, 55]. 
After a prolonged supine position, the facial and periorbital region may be included as well. 
It can be differentiated with symmetrical involvement and pitting edema from angioedema. 
Diagnosis is confirmed by exclusion of cardiac, hepatic, renal or thyroid disease, all well‐
known causes of edema [4].

3.17. Cluster headache

Cluster headache is a primary headache disorder typically characterized by severe recurrent 
attacks of unilateral pain with conjunctival injection, nasal congestion or rhinorrhea, ptosis or 
miosis and periorbital edema. Unilateral edema of the eyelid or the face is reported in 74% of 
the patients [4, 56]. Pain is intense and unresponsive to antihistamines and topical steroids. 
The characteristic headache with other clinical signs is helpful in the differential diagnosis of 
cluster headaches and angioedema [4].

4. Summary

Angioedema manifests with asymmetric, non‐pitting and transient edema, which has pre‐
dilection areas including the lips, tongue and periorbital region. Diagnosis and treatment of 
angioedema are crucial because it represents one of the most common airway emergencies. 
As a result, knowledge of typical clinical features and differential diagnosis for healthcare 
professionals are obligations. It is important to remember that not all swellings are angio‐
edema in the clinical practice. Pseudoangioedematous disorders should be considered in 
patients presenting with long‐lasting and resistant swellings. The most frequent diseases that 
mimic angioedema are acute contact dermatitis, DRESS syndrome, hypothyroidism, orofa‐
cial granulomatosis, idiopathic edema, vasculitis and panniculitis. These conditions do not 
respond to angioedema treatment and may cause serious life‐threatening results. It is possible 
to recognize pseudoangioedema by detailed medical history and physical examination, but 
skin biopsy is required for resistant cases.

Author details

Sevgi Akarsu* and Ecem Canturk

*Address all correspondence to: sevgi.akarsu@deu.edu.tr

Department of Dermatology, Faculty of Medicine, Dokuz Eylul University, Izmir, Turkey

Pseudoangioedema
http://dx.doi.org/10.5772/67850

235



References

[1] Gunes A, Akarsu S. Angioedema: diagnosis and treatment approaches. Turkderm‐
Archives of the Turkish Dermatology and Venereology. 2013; 47: 7–18. doi:10.4274/turk‐ 
derm.35651

[2] David W. Differential diagnosis of angioedema. Immunology and Allergy Clinics of 
North America. 2006; 26: 603–613. doi:http://dx.doi.org/10.1016/j.iac.2006.09.006

[3] Cicardi M, Aberer W, Banerji A, Bas M, Bernstein JA, Bork K, Caballero T, Farkas H, 
Grumach A, Kaplan AP, Riedl MA, Triggiani M, Zanichelli A, Zuraw B. Classification, 
diagnosis, and approach to treatment for angioedema: consensus report from the 
Hereditary Angioedema International Working Group. European Journal of Allergy 
and Clinical Immunology. 2014; 69(5): 602–616. doi:10.1111/all.12380

[4] Andersen M, Hilary J, Longhurst H, Rasmussen E, Bygum A. How not to be misled 
by disorders mimicking angioedema: a review of pseudoangioedema. International 
Archives Allergy and Immunology. 2016; 169: 163–170. doi:10.1159/000445835

[5] Kasemsarn P, Iamphonrat T, Boonchai W. Risk factors and common contact allergens in 
facial allergic contact dermatitis patients. International Journal of Dermatology. 2016; 55: 
417–424. doi:10.1111/ijd.12880

[6] Walsh SA, Creamer D. Drug reaction with eosinophilia and systemic symptoms 
(DRESS): a clinical update and review of current thinking. Clinical and Experimental 
Dermatology. 2011; 36(1): 6–11. doi:10.1111/j.1365‐2230.2010.03967.x

[7] Sharma RK, Tibdewal P, Sharma N, Sikri T, Sikri H, Sharma A, Ankur. DRESS syn‐
drome: (drug, rash, eosinophilia and systemic symptoms) – the hypersensitivity reaction 
due to antipsychotic drug – quetiapine, the pictorial presentation. Journal of Pioneering 
Medical Sciences. 2015; 5(3): 92–93

[8] Husain Z, Reddy BY, Schwartz RA. DRESS syndrome: part I. Clinical  perspectives. 
Journal of American Academy of Dermatology. 2013; 68(5): 1–14. doi:10.1016/j.jaad. 
2013.01.033

[9] Jeung YJ, Lee JY, Oh MJ, Choi DC, Lee BJ. Comparison of the causes and clinical fea‐
tures of drug rash with eosinophilia and systemic symptoms and Stevens‐Johnson 
syndrome. Allergy Asthma et Immunology Research. 2010; 2: 123–126. doi:10.4168/
aair.2010.2.2.123

[10] Ramos‐E‐Silva M, Pinto AP, Pirmez R, Cuzzi T, Carneiro SC. Dermatomyositis – part 1: 
definition, epidemiology, etiology and pathogenesis, and clinics. Skinmed Journal. 2016; 
14(4): 273–279.

[11] Milisenda JC, Doti PI, Prieto‐González S, Grau JM. Dermatomyositis presenting with 
severe subcutaneous edema: five additional cases and review of the literature. Seminars 
in Arthritis and Rheumatism. 2014; 44(2): 228–233. doi:10.1016/j.semarthrit.2014.04.004

A Comprehensive Review of Urticaria and Angioedema236



References

[1] Gunes A, Akarsu S. Angioedema: diagnosis and treatment approaches. Turkderm‐
Archives of the Turkish Dermatology and Venereology. 2013; 47: 7–18. doi:10.4274/turk‐ 
derm.35651

[2] David W. Differential diagnosis of angioedema. Immunology and Allergy Clinics of 
North America. 2006; 26: 603–613. doi:http://dx.doi.org/10.1016/j.iac.2006.09.006

[3] Cicardi M, Aberer W, Banerji A, Bas M, Bernstein JA, Bork K, Caballero T, Farkas H, 
Grumach A, Kaplan AP, Riedl MA, Triggiani M, Zanichelli A, Zuraw B. Classification, 
diagnosis, and approach to treatment for angioedema: consensus report from the 
Hereditary Angioedema International Working Group. European Journal of Allergy 
and Clinical Immunology. 2014; 69(5): 602–616. doi:10.1111/all.12380

[4] Andersen M, Hilary J, Longhurst H, Rasmussen E, Bygum A. How not to be misled 
by disorders mimicking angioedema: a review of pseudoangioedema. International 
Archives Allergy and Immunology. 2016; 169: 163–170. doi:10.1159/000445835

[5] Kasemsarn P, Iamphonrat T, Boonchai W. Risk factors and common contact allergens in 
facial allergic contact dermatitis patients. International Journal of Dermatology. 2016; 55: 
417–424. doi:10.1111/ijd.12880

[6] Walsh SA, Creamer D. Drug reaction with eosinophilia and systemic symptoms 
(DRESS): a clinical update and review of current thinking. Clinical and Experimental 
Dermatology. 2011; 36(1): 6–11. doi:10.1111/j.1365‐2230.2010.03967.x

[7] Sharma RK, Tibdewal P, Sharma N, Sikri T, Sikri H, Sharma A, Ankur. DRESS syn‐
drome: (drug, rash, eosinophilia and systemic symptoms) – the hypersensitivity reaction 
due to antipsychotic drug – quetiapine, the pictorial presentation. Journal of Pioneering 
Medical Sciences. 2015; 5(3): 92–93

[8] Husain Z, Reddy BY, Schwartz RA. DRESS syndrome: part I. Clinical  perspectives. 
Journal of American Academy of Dermatology. 2013; 68(5): 1–14. doi:10.1016/j.jaad. 
2013.01.033

[9] Jeung YJ, Lee JY, Oh MJ, Choi DC, Lee BJ. Comparison of the causes and clinical fea‐
tures of drug rash with eosinophilia and systemic symptoms and Stevens‐Johnson 
syndrome. Allergy Asthma et Immunology Research. 2010; 2: 123–126. doi:10.4168/
aair.2010.2.2.123

[10] Ramos‐E‐Silva M, Pinto AP, Pirmez R, Cuzzi T, Carneiro SC. Dermatomyositis – part 1: 
definition, epidemiology, etiology and pathogenesis, and clinics. Skinmed Journal. 2016; 
14(4): 273–279.

[11] Milisenda JC, Doti PI, Prieto‐González S, Grau JM. Dermatomyositis presenting with 
severe subcutaneous edema: five additional cases and review of the literature. Seminars 
in Arthritis and Rheumatism. 2014; 44(2): 228–233. doi:10.1016/j.semarthrit.2014.04.004

A Comprehensive Review of Urticaria and Angioedema236

[12] Muro Y, Sugiura K, Akiyama M. Cutaneous manifestations in dermatomyositis: key 
clinical and serological features – a comprehensive review. Clinical Reviews in Allergy 
& Immunology. 2016; 51(3): 293–302. doi:10.1007/s12016‐015‐8496‐5

[13] Iaccarino L, Ghirardello A, Bettio S, Zen M, Gatto M, Punzi L, Gatto M. The clinical fea‐
tures, diagnosis and classification of dermatomyositis. Journal of Autoimmunity. 2014; 
48–49: 122–127. doi:10.1016/j.jaut.2013.11.005

[14] Kaplan AP, Greaves MW. Angioedema. Journal of American Academy of Dermatology. 
2005; 53: 373–388.

[15] Bienstock D, Mandel L. Facial angioedema and systemic lupus erythematosus: case 
report. Journal of Oral and Maxillofacial Surgery. 2015; 73(5): 928–932.

[16] Habibagahi Z, Ruzbeh J, Yarmohammadi V, Kamali M, Rastegar MH. Refractory angio‐
edema in a patient with systemic lupus erythematosus. Iranian Journal of Medical 
Sciences. 2015; 40(4): 372–375.

[17] Makeeva V, Seminario‐Vidal L, Beckum K, Sami N. Bilateral periorbital swelling as the 
initial presentation of cutaneous lupus erythematosus. Journal of American Academy of 
Dermatology. 2016; 2(1): 72–76. doi:10.1016/j.jdcr.2015.12.009

[18] Ghaninejad H, Kavusi S, Safar F, Asgari M, Naraghi ZS. Persistent periorbital edema as a 
sole manifestation of cutaneous lupus erythematosus: report of two cases. Dermatology 
Online Journal. 2006; 12(2): 14.

[19] Stephanie W, Robinson M, Meehan SA, Cohen DE. Morbihan disease. Dermatology 
Online Journal. 2012; 18(12): 27.

[20] Lamparter J, Kottler U, Cursiefen C, Pfeiffer N, Pitz S. Morbus Morbihan: a rare cause of 
edematous swelling of the eyelids. Ophthalmologe. 2010; 107(6): 553–557. doi:10.1007/
s00347‐009‐2083‐1

[21] Veraldi S, Persico MC, Francia C. Morbihan syndrome. Indian Dermatology Online 
Journal. 2013; 4(2): 122–124. doi:10.4103/2229‐5178.110639

[22] Herscovici R, Szyper‐Kravitz M, Altman A, Eshet Y, Nevo M, Agmon‐Levin N, Shoenfeld 
Y. Superior vena cava syndrome – changing etiology in the third millennium. Lupus. 
2012; 21: 93–96. doi:10.1177/0961203311412412

[23] Berksoy Hayta S, Güner R, Arslan S, Gümüs C, Akyol M. A case of pseudoangioedema 
as a superior vena cava syndrome. Cumhuriyet Medical Journal. 2016; 38(2). doi:10.7197/
cmj.v38i2.5000192511

[24] Dhawan AK, Singal A, Bisherwal K, Pandhi D. Subcutaneous emphysema mimick‐
ing angioedema. Indian Dermatology Online Journal. 2016; 7(1): 55–56. doi:10.4103/ 
2229‐5178.174304

Pseudoangioedema
http://dx.doi.org/10.5772/67850

237



[25] Jensen P, Johansen UB, Thyssen JP. Cryotherapy caused widespread subcutaneous 
emphysema mimicking angiooedema. Acta Dermato‐Venereologica. 2014; 94: 241. doi: 
10.2340/00015555‐1663

[26] Cakmak SK, Gonul M, Gul U, Kilic A, Demirel O. Subcutaneous emphysema mimicking 
angioedema. Journal of Dermatology. 2006; 33: 902–903. doi: 10.1111/j.1346‐8138.2006.00207.x

[27] McKenzie SW, Rosenberg M. Iatrogenic subcutaneous emphysema of dental and surgi‐
cal origin: a literature review. Journal of Oral and Maxillofacial Surgery. 2009; 67: 1265–
1268. doi:10.1016/j.joms.2008.12.050

[28] Nievasa MS, Santiago SA. Bilateral eyelid swelling associated with acute hypothyroid‐
ism. Actas Dermo‐Sifiliograficas. 2014; 105: 427–429. doi:10.1016/j.adengl.2013.05.009

[29] Van Dellen RG, Maddox DE, Dutta EJ. Masqueraders of angioedema and urticaria. Annals 
of Allergy, Asthma & Immunology. 2002; 88(1): 10–15. doi:10.1016/S1081‐1206(10)63586‐7

[30] Tilakaratne WM, Freysdottir J, Fortune F. Orofacial granulomatosis: review on etiol‐
ogy and pathogenesis. Journal Oral Pathology Medicine. 2008; 37(4): 191–195. doi:10. 
1111/j.1600‐0714.2007.00591.x

[31] Rogers RS. Granulomatous cheilitis, Melkersson‐Rosenthal syndrome, and orofacial 
granulomatosis. Archives of Dermatology. 2000; 136: 1557–1558

[32] Leâo JC, Hodgson T, Scully C, Porter S. Review article: orofacial granulomatosis. 
Alimentary Pharmacology and Therapeutics. 2004; 20: 1019–1027. doi: 10.1111/ j.1365‐2036. 
2004.02205.x

[33] Charlene Kakimoto C, Sparks C, White AA. Melkersson‐Rosenthal syndrome: a form 
of pseudoangioedema. Annals of Allergy, Asthma & Immunology. 2007; 99: 185–189. 
doi:10.1016/S1081‐1206(10)60643‐6

[34] Van de Scheur MR, Van der Waal RIF, Van der Waal I, Stoof TJ, Van Deventer SJH. Ano‐
genital granulomatosis: the counterpart of oro‐facial granulomatosis. Journal of the 
European Academy of Dermatology and Venereology. 2003; 17: 184–189.

[35] Makatsori M, Manson AL, Gurugama P, Wakelin S, Seneviratne SL. Penile granulo‐
matosis presenting as pseudoangioedema. European Annals of Allergy and Clinical 
Immunology. 2013; 45(3): 111–112.

[36] Chen Y, Chen M, Chiu Y. A case of mimicking angioedema: chin silicone granulomatous 
reaction spreading all over the face after receiving liquid silicone injection forty years 
previously. Chinese Medical Journal. 2011; 124(11): 1747–1750.

[37] Saigal K, Valencia IC, Cohen J, Kerdel FA. Hypocomplementemic urticarial vasculitis 
with angioedema, a rare presentation of systemic lupus erythematosus: rapid response 
to rituximab. Journal of the American Academy of Dermatology. 2003; 49(5): 283–285. 
doi:10.1016/S0190

A Comprehensive Review of Urticaria and Angioedema238



[25] Jensen P, Johansen UB, Thyssen JP. Cryotherapy caused widespread subcutaneous 
emphysema mimicking angiooedema. Acta Dermato‐Venereologica. 2014; 94: 241. doi: 
10.2340/00015555‐1663

[26] Cakmak SK, Gonul M, Gul U, Kilic A, Demirel O. Subcutaneous emphysema mimicking 
angioedema. Journal of Dermatology. 2006; 33: 902–903. doi: 10.1111/j.1346‐8138.2006.00207.x

[27] McKenzie SW, Rosenberg M. Iatrogenic subcutaneous emphysema of dental and surgi‐
cal origin: a literature review. Journal of Oral and Maxillofacial Surgery. 2009; 67: 1265–
1268. doi:10.1016/j.joms.2008.12.050

[28] Nievasa MS, Santiago SA. Bilateral eyelid swelling associated with acute hypothyroid‐
ism. Actas Dermo‐Sifiliograficas. 2014; 105: 427–429. doi:10.1016/j.adengl.2013.05.009

[29] Van Dellen RG, Maddox DE, Dutta EJ. Masqueraders of angioedema and urticaria. Annals 
of Allergy, Asthma & Immunology. 2002; 88(1): 10–15. doi:10.1016/S1081‐1206(10)63586‐7

[30] Tilakaratne WM, Freysdottir J, Fortune F. Orofacial granulomatosis: review on etiol‐
ogy and pathogenesis. Journal Oral Pathology Medicine. 2008; 37(4): 191–195. doi:10. 
1111/j.1600‐0714.2007.00591.x

[31] Rogers RS. Granulomatous cheilitis, Melkersson‐Rosenthal syndrome, and orofacial 
granulomatosis. Archives of Dermatology. 2000; 136: 1557–1558

[32] Leâo JC, Hodgson T, Scully C, Porter S. Review article: orofacial granulomatosis. 
Alimentary Pharmacology and Therapeutics. 2004; 20: 1019–1027. doi: 10.1111/ j.1365‐2036. 
2004.02205.x

[33] Charlene Kakimoto C, Sparks C, White AA. Melkersson‐Rosenthal syndrome: a form 
of pseudoangioedema. Annals of Allergy, Asthma & Immunology. 2007; 99: 185–189. 
doi:10.1016/S1081‐1206(10)60643‐6

[34] Van de Scheur MR, Van der Waal RIF, Van der Waal I, Stoof TJ, Van Deventer SJH. Ano‐
genital granulomatosis: the counterpart of oro‐facial granulomatosis. Journal of the 
European Academy of Dermatology and Venereology. 2003; 17: 184–189.

[35] Makatsori M, Manson AL, Gurugama P, Wakelin S, Seneviratne SL. Penile granulo‐
matosis presenting as pseudoangioedema. European Annals of Allergy and Clinical 
Immunology. 2013; 45(3): 111–112.

[36] Chen Y, Chen M, Chiu Y. A case of mimicking angioedema: chin silicone granulomatous 
reaction spreading all over the face after receiving liquid silicone injection forty years 
previously. Chinese Medical Journal. 2011; 124(11): 1747–1750.

[37] Saigal K, Valencia IC, Cohen J, Kerdel FA. Hypocomplementemic urticarial vasculitis 
with angioedema, a rare presentation of systemic lupus erythematosus: rapid response 
to rituximab. Journal of the American Academy of Dermatology. 2003; 49(5): 283–285. 
doi:10.1016/S0190

A Comprehensive Review of Urticaria and Angioedema238

[38] Jara LJ, Navarro C, Medina G, Lastra OV, Saavedra MA. Hypocomplementemic urti‐
carial vasculitis syndrome. Current Rheumatology Reports. 2009; 11: 410. doi:10.1007/
s11926‐009‐0060‐y

[39] Buck A, Christensen J, McCarty M. Hypocomplementemic urticarial vasculitis syndrome: 
a case report and literature review. Journal of Clinical and Aesthetic Dermatology. 2012; 
5(1): 36–46.

[40] Wang HP, Huang CC, Chen CH. Weber‐Christian disease presenting with intractable 
fever and periorbital swelling mimicking angioedema. Clinical Rheumatology. 2006. 
doi:10.1007/s10067‐006‐0235‐0

[41] Cohen PR, Kurzrock R. Community‐acquired methicillin‐resistant Staphylococcus aureus  
skin infection: an emerging clinical problem. Journal of American Academy of Derma‐
tology. 2004; 50: 277–280. doi:10.1016/j.jaad.2003.06.005

[42] Lucerna AR, Espinosa J, Darlington AM. Methıcıllın‐resıstant Staphylococcus aureus lip 
infection mimicking angioedema. The Journal of Emergency Medicine. 2015; 49(1): 8–11.

[43] Riccardi A, Dignetti P, Tasso F, Caiti M, Lerza R. Tongue abscess: a rare occurrence pos‐
sibly mimicking angioedema. Emergency Care Journal. 2013; 9(23): 70–71. doi:10.4081/
ecj.2013.e23.e

[44] Fricker M, Dubach P, Helbling A, Diamantis E, Villiger PM, Novak U. Not all facial swell‐
ings are angioedemas! Journal of Investigative Allergology and Clinical Immunology. 
2015; 25(2): 133–162.

[45] Patel S, Patel R, Draikiwicz S, Capitle E. Peripheral T‐cell lymphoma: a challenging mim‐
icker of angioedema and urticaria. Annals of Allergy Asthma & Immunology. 2015; 115: 
995. doi:10.1016/j.anai.2015.06.013

[46] Harrison NK, Twelves C, Addis BJ, Taylor AJ, Souhami RL, Isaacson PG. Peripheral T‐cell 
lymphoma presenting with angioedema and diffuse pulmonary infiltrates. The American 
Review of Respiratory Disease. 1988; 138: 976–980. doi:10.1164/ajrccm/138.4.976

[47] Rebora A, Rongioletti F. Mucinoses. Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 
2012; 8(46): 687–698.

[48] Heymann WR. Cutaneous manifestations of thyroid disease. Journal of American 
Academy of Dermatology. 1992; 26(6): 885–902.

[49] Rongioletti F, Rebora A. Updated classification of papular mucinosis, lichen myxede‐
matosus and scleromyxedema. Journal of American Academy of Dermatology. 2001; 44: 
273–281.

[50] Polat A, Kapicioglu Y, Sahin N, Yilmaz M. A case of angioedema‐like atypic sclero‐
myxedema responding to treatment with steroid. Turkderm: Archives of the Turkish 
Dermatology and Venereology. 2016; 50(1): 28–30.

Pseudoangioedema
http://dx.doi.org/10.5772/67850

239



[51] Wechalekar AD, Path FRC, Gillmore JD, Hawkins NP. Systemic amyloidosis. The Lancet. 
2016; 387(10038): 2641–2654.

[52] Druey KM, Greipp PR. Narrative review: Clarkson disease – systemic capillary leak syn‐
drome. Annals of Internal Medicine. 2010; 153: 90–98. doi:10.1059/0003‐4819‐153‐2‐2010
07200‐00005

[53] Kapoor P, Greipp PT, Schaefer EW, Mandrekar SJ, Kamal AH, Gonzalez‐Paz NC, 
Kumar S, Greipp P. Idiopathic systemic capillary leak syndrome (Clarkson's disease): 
the Mayo Clinic experience. Mayo Clinic Proceedings. 2010; 85(10): 905–912. doi:10.4065/
mcp.2010.015

[54] Cho HJ, Yoo HS, Kim M, Shin Y, Ye Y, Kim J, Choi J, Park S, Park H. Clinical character‐
istics of angioedema with eosinophilia. Allergy & Asthma Immunology Research. 2014; 
6(4): 362–365. doi:10.4168/aair.2014.6.4.362

[55] Grigoriadou S, Longhurst HJ. Clinical immunology review series: an approach to the 
patient with angioedema. Clinical and Experimental Immunology. 2009; 155: 367–377. 
doi:10.1111/j.1365‐2249.2008.03845.x

[56] Nesbitt AD, Goadsby PJ. Cluster headache. British Medical Journal. 2012; 344(2407): 1–9. 
doi:10.1136/bmj.e2407

A Comprehensive Review of Urticaria and Angioedema240



[51] Wechalekar AD, Path FRC, Gillmore JD, Hawkins NP. Systemic amyloidosis. The Lancet. 
2016; 387(10038): 2641–2654.

[52] Druey KM, Greipp PR. Narrative review: Clarkson disease – systemic capillary leak syn‐
drome. Annals of Internal Medicine. 2010; 153: 90–98. doi:10.1059/0003‐4819‐153‐2‐2010
07200‐00005

[53] Kapoor P, Greipp PT, Schaefer EW, Mandrekar SJ, Kamal AH, Gonzalez‐Paz NC, 
Kumar S, Greipp P. Idiopathic systemic capillary leak syndrome (Clarkson's disease): 
the Mayo Clinic experience. Mayo Clinic Proceedings. 2010; 85(10): 905–912. doi:10.4065/
mcp.2010.015

[54] Cho HJ, Yoo HS, Kim M, Shin Y, Ye Y, Kim J, Choi J, Park S, Park H. Clinical character‐
istics of angioedema with eosinophilia. Allergy & Asthma Immunology Research. 2014; 
6(4): 362–365. doi:10.4168/aair.2014.6.4.362

[55] Grigoriadou S, Longhurst HJ. Clinical immunology review series: an approach to the 
patient with angioedema. Clinical and Experimental Immunology. 2009; 155: 367–377. 
doi:10.1111/j.1365‐2249.2008.03845.x

[56] Nesbitt AD, Goadsby PJ. Cluster headache. British Medical Journal. 2012; 344(2407): 1–9. 
doi:10.1136/bmj.e2407

A Comprehensive Review of Urticaria and Angioedema240



A Comprehensive Review of 
Urticaria and Angioedema

Edited by Selda Pelin Kartal and Zekayi Kutlubay

Edited by Selda Pelin Kartal and Zekayi Kutlubay

Photo by dimid_86 / iStock

This book contains the latest advances and scientific knowledge from the leading 
experts in urticaria and angioedema. The book consists of 15 chapters in which 
urticaria classification, urticaria etiopathogenesis, urticaria clinics, urticarial 

syndromes, angioedemas, diagnosis, pathogenesis and pathophysiology of urticaria, 
and treatment options are discussed. This book also emphasizes on the various 
laboratory tests necessary for urticarias. One chapter of the book is devoted to 

comorbidities in chronic spontaneous urticaria. Another chapter is related with 
pathophysiology and treatment of hereditary angioedema. We are grateful to all the 

contributors and leading experts for their valuable chapters, which provide an in-
depth view of all aspects of the content, backed with the most current literature in 
the field. We hope that this book will provide interesting knowledge and serve as a 

comprehensive guide to many physicians dealing with urticaria and angioedemas in 
their clinical practice.

ISBN 978-953-51-3167-0

A
 C

om
prehensive Review

 of U
rticaria and A

ngioedem
a

ISBN 978-953-51-4818-0


	A Comprehensive Review of Urticaria and Angioedema
	Contents
	Preface
	Section 1
Introduction
	Chapter 1
Introductory Chapter: Urticaria

	Section 2
Urticaria and Angioedema
	Chapter 2
Urticaria and Angioedema
	Chapter 3
Chronic Inducible Urticaria Part I
	Chapter 4
Chronic Inducible Urticaria: Part II
	Chapter 5
Contact Urticaria
	Chapter 6
Urticarial Vasculitis
	Chapter 7
Comorbidities in Chronic Spontaneous Urticaria
	Chapter 8
Urticaria and Angioedema Treatment
	Chapter 9
Anti IgE Therapy in Chronic Urticaria
	Chapter 10
Urticarial Syndromes
	Chapter 11
Hereditary Angioedema
	Chapter 12
Pathophysiology of Bradykinin-Mediated Angioedema: The Role of the Complement System
	Chapter 13
Short‐Term Prophylaxis in Odontostomatological, Maxillofacial and ENT Procedures in Patients with Hereditary Angioedema Due to C1‐Inhibitor Deficiency
	Chapter 14
Bradykinin-Mediated Angioedema Across the History
	Chapter 15
Pseudoangioedema


