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Abstract

Inducible forms of chronic urticaria are characterised by an early age of onset and a long duration of
disease. In addition, cold and cholinergic urticaria have a risk of developing systemic, sometimes life-
threatening, reactions. Determining the pathogenetic mechanisms, laboratory and clinical predictors
of their development is an open question in the understanding of these diseases. This literature
review demonstrates the current known facts that allow to identify patients with cold and cholinergic
urticaria in high-risk groups of anaphylaxis development, and, therefore, the possibility to prevent
emergency situations and to manage them in time. For cold and cholinergic urticaria, observations of
Kounis syndrome - acute coronary syndrome (myocardial infarction or unstable angina) have been
described. A series of trials, including the large international multicentre COLD-CE study of
anaphylaxis in cold urticaria, have identified early age of urticaria onset, severe clinical symptoms,
shortening of the critical temperature threshold, comorbid bronchial asthma, concomitant
angioedema and pruritus of the earlobes as warning signs. No such large-scale studies have been
conducted for cholinergic urticaria. Among the few high-risk factors for systemic reactions in
cholinergic urticaria described in the literature is the occurrence of angioedema. Thus, it is possible
to identify a part of patients in the high-risk group already at the stage of initial anamnesis collection,
additional data can be received during the examination. Laboratory biomarkers, clinical predictors,
understanding the mechanisms of anaphylaxis by physical triggers or their consequences, optimal
options for pathogenetic therapy are still unresolved issues that require further research. The aim of
this review is to provide a content analysis of current knowledge about chronic inducible urticarias
in order to increase clinicians' awareness and, consequently, reduce the risk of urgent conditions
associated with them.

Keywords: cold urticaria; cholinergic urticaria; predictors of anaphylaxis; physical triggers;
laboratory biomarkers; therapeutic approaches
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1. Introduction

Chronic inducible urticarias (CINDU) are of significant scientific interest due to their onset at an
earlier age compared to chronic spontaneous urticaria (CSU), the protracted duration of the disease,
the infrequent occurrence of spontaneous remission, and the potential for systemic reactions in
certain variants. Protocols for provocative testing and validated questionnaires have been established
for CINDU; additionally, there are reports detailing the efficacy of targeted therapies and studies
designed to investigate potential predictors of anaphylaxis in cold urticaria (ColdU), which may
necessitate subsequent administration of epinephrine auto-injectors to this patient cohort. However,
in routine clinical practice, the application of these advancements is often hindered: provocative
testing is frequently constrained by appointment time limitations, the necessity for ongoing patient
monitoring, and the lack of registration in some countries of certain instruments (notably, the
TempTest device for evaluating patients with cold urticaria and heat urticaria). Moreover, the
completion of questionnaires demands additional time resources, which are not always available
within the everyday practice of an allergist. The implementation of targeted therapies is complicated
by the absence of formal guidelines governing the treatment of all types of CINDU. Furthermore, the
use of epinephrine is restricted by the lack of registration for this mode of administration in some
developing countries. The prevailing challenges, alongside the rising morbidity associated with
various forms of CINDU in recent years, as well as data indicating a high incidence of systemic
reactions in ColdU and cholinergic urticaria (CholU), underscore the critical need for further
investigation into these aspects at this time.

The purpose of this review is to conduct a content analysis of the current knowledge on chronic
inducible urticarias and to enhance clinicians' knowledge, thereby reducing the likelihood of urgent
complications related to these conditions.

2. Cold and Cholinergic Urticaria

2.1. The Relevance of Investigating of Inducible Urticaria

To date, chronic urticaria constitutes a significant clinical problem. According to data from 2017,
the annual incidence of urticaria was reported to be 160 million cases globally [1].

Current clinical guidelines and international consensus documents categorize CINDU into
subtypes based on the nature of the provoking trigger [2]. Specifically, exposure to cold is requisite
for the manifestation of ColdU, whereas CholU is triggered by increased sweating, often induced by
physical exertion [3].

2.1.1. Epidemiology

The majority of researchers estimate the prevalence of CINDU to be approximately 0.5% of the
general population [4]. Data pertaining to the epidemiology of specific types of CINDU in global
literature remain limited, likely attributable to issues related to hypodiagnosis and a low index of
suspicion among primary care specialists regarding CINDU. Currently, an international prospective
multicenter registry study, known as CURE (Chronic Urticaria Registry), is underway to elucidate
the epidemiological and clinical characteristics, as well as the impact on quality of life among patients
with various forms of chronic urticaria [5].

In China, the incidence of CINDU is reported to range from 1.1% of the population, whereas in
Germany, it is significantly lower at 0.1% [6,7]. A recent epidemiological study conducted in Moscow
covering the period from January 2017 to December 2021 identified 17,715 patients diagnosed with
CINDU. Furthermore, there was a discernible trend of annual increase in the incidence of all types of
CINDU; specifically, the number of cases of CholU increased more than threefold compared to the
data from 2017, while the incidence of ColdU escalated 2.5-fold [8]. In a large-scale study conducted
in China involving 3,255 patients with chronic urticaria, the proportion of ColdU within the overall
incidence structure was found to be 0.54% (223 patients) [9]. On average, the incidence of ColdU is
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estimated to reach 0.05% of the general population and 5-30% of all physical urticarias, according to
various authors; these rates tend to be higher in countries characterized by cold climates [10, 11]. The
epidemiological rates for CholU occurrence vary widely, ranging from 0.02% to 11.2% of the
population, with some authors noting a correlation between its prevalence and the climate of the
respective country studied; specifically, CholU is diagnosed less frequently in tropical regions [12—
14]. Among all forms of chronic urticaria, CholU is diagnosed in approximately 2—7% of cases [15].
In the aforementioned Moscow study, the incidence of CholU was recorded at 403 individuals
(2.28%), while ColdU was observed in 340 individuals (1.92%) [8].

2.1.2. Debut and Duration

Among patients diagnosed with CINDU, there is a notable predominance of females, accounting
for up to 74.4-82.7% of cases [16, 17]. The only exception to this trend is observed within the CholU
cohort, where males are significantly more prevalent; the male-to-female ratio averages 2:1, and may
be even more pronounced in certain age groups [14, 18]. Conversely, a higher incidence of ColdU is
reported among females, with many authors indicating that this occurs 1.5-2 times more frequently
than in males [19-21].

The symptoms associated with ColdU can manifest at virtually any age; however, they most
commonly present during the second to fourth decades of life [22, 23]. The age group most
characteristic for the onset of CholU is young adults; according to some researchers, up to 20% of
patients report experiencing symptoms between the ages of 26 and 28 years [24].

CINDU is characterized by a prolonged duration of illness and a lower frequency of
spontaneous remission when compared to CSU [25]. Research conducted by Bal et al. indicated that
only one-third of patients achieved remission from urticaria within a five-year period, with the most
favorable prognosis observed in patients with symptomatic dermographism and the least favorable
outcomes noted in those suffering from ColdU and CholU [26]. Asady’s findings suggest that patients
experiencing late-onset CholU (defined as onset after 36 years of age) exhibited a shorter duration of
the disease compared to those whose symptoms began prior to this age threshold [27].

In particular, the mean duration of ColdU, as reported in the existing literature, is approximately
6 years [21, 22]. Individual studies demonstrate suboptimal outcomes regarding the achievement of
spontaneous remission of symptoms within 1 year in patients with ColdU [18, 28]. However, there
have been documented cases in which ColdU symptoms have persisted for over 20 years [29]. The
ability to predict the duration of the course of CINDU is of significant scientific interest. For instance,
Deza et al. identified that early age of onset, severe clinical course, and a short critical temperature
threshold —the maximum temperature values at which symptoms of ColdU manifest in a specific
patient—are predictors of a prolonged course of ColdU [20]. Regarding the duration of CholU,
numerous authors also report a multi-year duration of the disease, with an average range of 4 to 7.5
years [17, 30]. According to Sibbald, the duration of CholU can range from 3 to 16 years [31].
Rujitharanawong et al. observed in their study that spontaneous remission in CholU occurred in 67%
of patients within a time frame of 13 years, while only 12% experienced remission within 1 year [14].
According to Hirschmann, symptoms persisted for more than 10 years in 31% of patients [32].

2.1.3. Frequent Comorbidities

Allergic diseases are frequently noted as the most common comorbidities associated with
CINDU. The presence of atopy is reported by most authors to occur in an average of 25% to 50% of
ColdU patients [21, 33]. Several studies have documented a correlation between the long-term
persistence of ColdU symptoms and atopic diseases [34]. In the large multicenter COLD-CE study,
concomitant bronchial asthma was associated with a significantly higher incidence of anaphylaxis
[35]. Siebenhaar et al. reported elevated serum total immunoglobulin E (IgE) levels in approximately
70% of ColdU patients [36]. CholU is also frequently associated with allergic diseases in up to 57% of
cases, among which atopic dermatitis, allergic rhinitis, and bronchial asthma are the most commonly
noted conditions [37, 38].
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CINDU can coexist with CSU and/or other types of CINDU concurrently. Several studies have
identified combinations of these conditions, revealing that up to 71% of patients with symptomatic
dermographism and up to 25% of patients with CholU exhibit concomitant CSU [14, 39]. In a study
conducted in Moscow involving 38 patients diagnosed with CholU, concomitant CSU was observed
in 15% of the subjects, while other types of CINDU — specifically dermographism and ColdU —
were noted in 15% and 12% of cases, respectively [40]. Asady’s analysis of 200 patients with CholU
indicated that participants with early-onset CholU (defined as being younger than 36 years of age)
were more likely to have concomitant atopic dermatitis, whereas those with late-onset CholU
exhibited a higher likelihood of comorbid forms of chronic urticaria [27]. Stepaniuk et al. reported
that ColdU most frequently accompanies symptomatic dermographism and CholU in 22% and 10%
of cases, respectively [18]. Clinical cases documenting the coexistence of ColdU with solar, aquagenic,
and heat urticaria have also been described [41-43]. The occurrence of CSU in patients with ColdU
ranges from 10% to 13%, which is particularly significant, as this combination in the COLD-CE study
was associated with a lower risk of anaphylaxis compared to patients within the ColdU monogroup
[35, 44]. Numerous authors have highlighted the comorbidity of ColdU and CholU [45-47]. In such
instances, it is imperative that approved provocation testing protocols are strictly adhered to in order
to exclude atypical forms of both ColdU and CholU. Notably, systemic life-threatening reactions have
also been documented in cases involving atypical forms of ColdU [48]. Japanese researchers have
reported combinations of the typical form of urticaria with its atypical counterpart [49]. The presence
of CINDU in a patient diagnosed with CSU serves as a predictor of a longer and more severe disease
course, as well as a poorer response to antihistamine therapy [50, 51]. Although no large-scale studies
have been conducted to analyze the simultaneous combination of two forms of CINDU, all clinical
cases described above indicate a long-term persistence of urticaria symptoms in patients presenting
with two or more forms of CINDU. Ormerod et al. documented the onset of remission in a patient
with concurrent ColdU and CholU only after 26 years [52].

2.2. Pathogenesis

The pathogenesis of CholU and ColdU remains incompletely understood. The mechanism
underlying the IgE-mediated activation of mast cells is recognized as a contributing factor in both
CholU and ColdU, as supported by passive transfer experiments and the demonstrated efficacy of
omalizumab therapy [53]. An autoimmune hypothesis has been proposed, which posits the formation
of autoantibodies targeting mast cells within the skin. Gruber et al. were the first to identify IgG anti-
IgE and IgM anti-IgE antibodies in their investigation of patients diagnosed with ColdU [54].

Alternative approaches to studying mast cell and basophil activation that do not rely on IgE are
of particular interest. In this context, thermoreceptors — members of the cation channel family known
as Transient Receptor Potential (TRP) channels — are believed to play a crucial role. These receptors
regulate physiological responses to variations in temperature, osmolarity, and pH through the
activation of calcium ion influx into cells [55, 56].

A recent trend in the pathophysiological investigation of ColdU mechanisms suggests that
particularly severe forms of this condition may be classified among diseases associated with mast cell
clonality disorders. This hypothesis is supported by observations correlating the severity of ColdU
and/or the occurrence of anaphylaxis with elevated tryptase levels and the presence of KIT mutations,
most frequently the D816V variant [57].

Current understanding of the pathogenesis of CholU identifies several critical factors, including
sensitization to sweat autoantigens, dysregulation of acetylcholine metabolism, functional
impairments in sweating, and alterations in vascular wall permeability accompanied by dysfunction
in skin innervation [58-61].

One potential mechanism underlying CholU is the reduction in the expression of the cholinergic
receptor M3 (CHRMS3) by epithelial cells of the eccrine sweat glands, leading to subsequent
acetylcholine-mediated activation of mast cells and the release of acetylcholine [62, 63].
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In the context of CholU, accompanying pathological processes related to sweating dysfunction
have been described, specifically anhidrosis and/or hypohidrosis (Acquired Idiopathic Generalized
Anhidrosis — AIGA). These disorders are characterized by a decrease in sweat volume, the
development of cutaneous paresthesias, and eruptions during episodes of increased sweating [64].
Histological examinations of skin samples have revealed localized infiltration of mast cells and
lymphocytes around the eccrine sweat glands when compared to a cohort of patients with CholU
without associated sweating disorders [65].

The combination of CholU with sweating dysfunction has been delineated as a distinct
phenotype — CholU with anhidrosis and/or hypohidrosis, which is characterized by a severe disease
course; however, increased risks of anaphylaxis have not been documented [62, 66].

Despite the extensive study of the etiopathogenesis of ColdU and CholU over the past decade,
the mechanisms by which skin mast cells are activated through exposure to physical triggers or
temperature increases, as well as the exact processes involving acetylcholine, remain insufficiently
elucidated. Consequently, further studies are needed to enhance the understanding of the
pathogenetic mechanisms.

2.3. Pathognomonic Characteristics

There are a number of common pathognomonic features associated with the clinical
manifestations of ColdU and CholU:

e  Symptoms occur exclusively after contact with specific physical or non-physical triggers — such
as cold or factors leading to increased sweating [67].

e  Urticarial elements persist for a brief duration, typically regressing within one hour.

e Both ColdU and CholU are characterized by the occurrence of angioedema; however, this
phenomenon is observed less frequently than in CSU [68].

¢  Repeated and intense exposure to the aetiological trigger exacerbates the course of ColdU and
CholU [54].

e A low threshold level, indicated by the rapid onset of clinical symptoms following exposure to
the causative factor, reflects high disease activity in ColdU and CholU [22].

e  For ColdU and CholU, anaphylaxis, including anaphylactic shock, is a potential risk, particularly
in cases of significant exposure to a trigger [69, 70].

2.4. Anaphylaxis

The significance of the issue of anaphylaxis is underscored by its high incidence; according to
the meta-analysis conducted by Prosty et al., the prevalence of anaphylaxis in ColdU is reported to
be 21.5% [71]. In cases of prolonged or intense exposure to the provoking factor, it is possible for a
generalized cutaneous process to develop, which may be accompanied by angioedema [72]. In severe
instances, additional organs and systems may become involved, leading to what is termed systemic
reactions characterized by the following clinical manifestations [10, 21, 23, 73, 74]:

e Skin and mucous membranes: wheals, angioedema affecting the lips, tongue, oropharynx,
larynx, phalanges of fingers, and ear lobes.

e  Respiratory system: dyspnea, difficulty breathing, dizziness, hoarseness, and nasal congestion.

e Cardiovascular system: hypotension (potentially leading to collapse), tachycardia, and chest
pain.

e  Gastrointestinal tract: abdominal pain, nausea, vomiting, diarrhea, and spastic abdominal pain.

. Central nervous system: headache, vertigo, weakness, disorientation, and syncope.

Japanese researchers propose to classify patients with CholU and an increased risk of
anaphylaxis into a distinct phenotype — CholU with palpebral angioedema. The characteristic
symptoms described in this group include the presence of periorbital edema, comorbid allergic
conditions, female sex, and a history of anaphylaxis (observed in more than 50% of the studied
population) [75,76].
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Such systemic reactions significantly impair the quality of life for affected individuals and may
pose a life-threatening risk, necessitating the administration of adrenaline [77].

2.4.1. Common Triggers

The most prevalent triggers for the onset of CholU symptoms are situations that lead to
increased sweating;:

e  physical exertion;

¢  heightened emotional intensity or stress;

e  consumption of hot and/or spicy foods and beverages;

e elevated ambient temperatures;

e utilization of baths or saunas;

e taking a hot shower or bath;

e medical procedures (such as haemodialysis and physiotherapy; administration of medications
from the class of M-cholinomimetics);

e  active sun exposure or visits to a tanning salon;

e  sexual activity [30, 78, 79].

The avoidance of causative triggers presents significant challenges for patients diagnosed with
ColdU, as provocative etiological factors are prevalent in various aspects of contemporary life. These
factors include:

e  exposure to low air temperatures;

e  bathing in open water, utilizing pools, or showering with cold water;

e  ingestion of cold beverages and/or foods;

e  contact with cold surfaces or objects within the home and during occupational activities;
e  participation in water sports;

¢ undergoing cryoprocedures;

e  prolonged surgical interventions;

e  the parenteral administration of unheated infusion solutions [23, 80, 81].

An understanding of these trigger factors is fundamentally important not only for the diagnostic
process but also for developing recommendations regarding restrictive measures and lifestyle
modifications for affected patients [82].

Furthermore, residing in cold climates constitutes an additional risk factor for individuals with
CINDU. Notably, clinical manifestations of ColdU are observed not exclusively during the winter
months. For instance, the Sibenhaar study indicated that symptoms were present throughout all
seasons in 60% of patients; specifically, symptoms were reported in winter, spring, and fall months
in 36.7% of cases, while only 3.3% experienced symptoms solely during winter [83]. Additionally, it
is noteworthy that seasonal exacerbations of CholU have been documented during the winter months
[84].

2.4.2. Occurrence of Systemic Reactions

Since the mid-20th century, cold-induced reactions have garnered significant attention from
researchers. In 1986, Wanderer proposed a classification system for ColdU based on the severity of
clinical manifestations, derived from an analysis of a cohort comprising 50 patients. The classification
is as follows:

e  Group I — Local reactions (urticaria and angioedema) confined to the area of contact with cold
stimuli.

e  Group II — Urticarial elements and/or angioedema with involvement of another organ system,
excluding the cardiovascular system.

e  Group IIl — Generalized urticarial elements and/or angioedema accompanied by hypotension,
dizziness, syncope, and disorientation.
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In this study, the distribution of patients was as follows: Group I comprised 30% of the cohort,
while Groups II and III included 32% and 38% of patients, respectively [22]. Currently, there exists
some discordance regarding the proposed classification in relation to contemporary global clinical
guidelines; specifically, patients categorized in Group Il may, in certain instances, be classified within
the anaphylaxis group, while those in Group IIIl may even be classified as experiencing anaphylactic
shock. Nevertheless, this classification underscores a notable distribution of patients with ColdU who
exhibit a greater propensity for severe reactions.

The reported incidence of anaphylaxis in ColdU varies widely, ranging from 4% to 51% across
different studies. Most authors indicate that systemic reactions are observed in approximately one-
third of patients diagnosed with ColdU (see Table 1).

Table 1. Occurrence of anaphylaxis according to worldwide studies.

Year of the Country Author Number of Number of
Study Patients Anaphylaxis Cases
2019 Thailand Kulthanans> 27 4%
2004 USA Alangari®! 30 37%
1986 USA Wanderer? 50 38%
2016 USA Deza? 74 19%
1985 Finland Neittaanmaki?! 220 40%
1986 Netherlands Doeglas® 39 51%
2008 Greece Katsarou-Katsari!! 62 29%
2016 Australia Jain3* 99 28%
2019 USA Yees6 415 19%
2010 Germany Metz®” 21 19%
2009 Germany Siebenhaar®? 30 46%
2021 17 countries Bizjak?> 551 37%

2.4.3. Risk Factors for Anaphylaxis

The largest international multicenter study investigating ColdU, known as COLD-CE, was
conducted across 17 countries and included a total of 551 patients. Anaphylaxis was documented in
over one-third of the participants, specifically in 37% of cases [35]. The primary objectives of this
analysis were to identify independent risk factors associated with the development of anaphylaxis,
which included:

e A previous systemic reaction to stings from webworms;

e  The presence of angioedema, particularly involving oropharyngeal and laryngeal symptom:s;
e  Coexisting bronchial asthma;

e Itching of the earlobes.

The findings indicated that among patients residing in tropical climates, anaphylaxis was more
frequently associated with exposure to cold air, whereas in temperate regions, it was more commonly
linked to cold water immersion.

Additionally, a separate analysis focusing on a cohort of patients with a documented history of
anaphylaxis living in a mild climate revealed several characteristic features: an extended duration of
the disease; a higher incidence of generalized skin lesions and angioedema; and a shorter time
interval of cold exposure required to elicit symptoms during provocation testing.
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The risk of anaphylaxis development is significantly heightened in the presence of pronounced
hypothermia. The primary etiological factors contributing to this condition are often attributed to
activities such as bathing in open water bodies or swimming pools, the administration of cold
infusion solutions, and prolonged surgical interventions. These interventions may involve the
maintenance of low air temperatures within the operating room, the treatment of the surgical field
with alcohol-containing antiseptic solutions followed by their subsequent evaporation from the skin
surface, as well as contact with cold surfaces and medical instruments [88-92].

The manifestation of angioedema affecting the oropharynx and/or larynx is typically associated
with the consumption of cold beverages and/or foods [82, 93]. Notably, there exists a compelling case
report detailing the occurrence of esophageal edema in a patient diagnosed with ColdU during
cryoablation [94].

One of the recently published studies has corroborated the significance of the aforementioned
risk factors for anaphylaxis while also identifying new ones. Anaphylaxis was observed in 35.9% of
patients, among whom a greater proportion exhibited the typical form of ColdU. This cohort was
characterized by elevated levels of Immunoglobulin E (IgE) and a higher prevalence of the KIT
p-D816V mutation and HaT compared to general population metrics [95].

2.4.4. Kounis Syndrome

Clinical cases of acute coronary syndrome, specifically Kounis syndrome, mediated by allergic
inflammatory mediators such as vasoactive substances including histamine, leukotrienes,
thromboxane, and proteases, have been extensively documented [96]. Kounis syndrome represents
an acute, life-threatening condition characterized by a combination of myocardial infarction or
unstable angina, attributable to coronary vasospasm and/or coronary thrombosis instigated by
allergic pathogenic mechanisms following exposure to an allergen or trigger. Numerous clinical cases
of Kounis syndrome have been reported in patients with ColdU who experienced significant cold
exposure, including contact with cold air and immersion in cold water [97, 98]. The involvement of
mast cells in this pathophysiological process is substantiated by an elevation in serum tryptase levels,
with peak concentrations observed 30 to 90 minutes post-onset of symptoms [99].

Additionally, Kounis syndrome may also manifest in exercise-induced scenarios [100-102].

2.4.5. Exercise-Induced Anaphylaxis

Systemic reactions induced by exercise can manifest as either a form of anaphylaxis associated
with ColdU or as a distinct clinical entity known as exercise-induced anaphylaxis (AnIPhE) [103-
105]. Sheffer et al. delineated AnIPhE as a separate pathological condition from ColdU, highlighting
key differential diagnostic features:

e Etiological factors: AnIPhE occurs exclusively as a result of physical activity (e.g., walking,
participating in various sports, swimming), whereas systemic reactions in ColdU may arise from
an elevation in body temperature due to diverse factors, including physical exertion, exposure
to hot environments (such as rooms, climates, baths, or saunas), fever, or the consumption of hot
food and beverages.

e  C(linical features: AnIPhE is characterized by urticarial elements averaging 10 to 15 mm in size,
whereas ColdU typically presents with smaller pinpoint lesions measuring 1 to 3 mm in
diameter.

¢ Insome instances, the onset of AnIPhE symptoms may necessitate prior exposure to additional
triggers, which may include specific foods, medications, hot weather conditions, or particular
phases of the menstrual cycle [106].

Anaphylaxis associated with CholU is particularly perilous due to its multifactorial etiology;
reliance solely on the limitation of physical activity may prove insufficient for adequate protection.
Symptoms may also manifest during hot baths, periods of stress, medical procedures, or in conditions
of elevated ambient temperature [107, 108]. Nevertheless, the challenge of conducting differential

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0094.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 August 2025 d0i:10.20944/preprints202508.0094.v1

9 of 26

diagnostic evaluations between these pathologies remains unresolved at present, primarily due to
the absence of a well-defined algorithm for clinical management. The elevated risk of systemic
reactions in individuals with confirmed CholU has been documented by numerous authors; however,
epidemiological data pertaining to this issue are notably limited [109].

In a study involving 38 patients diagnosed with CholU, verified through provocation testing, a
history of systemic reactions was observed in 26% of cases [40]. The majority of patients identified
physical activity as the most significant trigger for the onset of anaphylaxis, with nearly 90% of
participants reporting this association. A significant correlation was established between the presence
of angioedema within the CholU symptom complex and the occurrence of anaphylactic reactions.
Furthermore, there was a discernible tendency to correlate systemic reactions with a prolonged
duration of the provocation test, a characteristic that is also indicative of AnIPhE.

In a separate investigation involving patients with CholU and episodes of anaphylaxis, Vadas et
al. emphasized a notable predominance of the female gender (79%). Furthermore, 89% of patients
attributed the onset of systemic reactions to intense physical exertion. Symptoms indicative of
cardiovascular involvement were reported in 79% of patients. When assessing the severity of
anaphylaxis using a standardized severity scale, the majority of patients exhibited a moderately
severe or severe course, while only 11% experienced a mild course [74]. Data from other studies also
corroborate the heightened risk of anaphylaxis among patients with angioedema, particularly among
women [76, 110, 111].

2.5. Provocation Testing

To establish a definitive diagnosis of ColdU and CholU, it is essential to utilize the results of
provocation testing, trigger-associated anamnesis data, and the patient’s personal photographic
archives. The «gold standard» for diagnosis comprises provocative tests — specifically, the ice cube
test or TempTest for ColdU, and controlled physical activity using a bicycle ergometer or treadmill
for CholU [4]. These investigations may also hold significant value in predicting the risk of systemic
reactions.

The time interval from the initiation of exposure to a cold trigger to the manifestation of
symptoms indicative of a positive reaction is termed the individualized cold stimulation threshold
time [112]. In cases where there is anamnestic evidence of severe systemic reactions, it is
recommended to evaluate the test after 1 or 3 minutes, as a rapid onset of symptoms is regarded as a
predictor of anaphylaxis [23]. In the study conducted by Wanderer, it was observed that 68% of
patients experiencing severe systemic reactions and hypotension exhibited positive results on the ice
cube test within 3 minutes or less [22]. Similarly, Deza et al. reported that patients exhibiting clinical
manifestations of anaphylaxis had a shorter cold stimulation threshold time compared to those
without anaphylactic symptoms [20]. Neittaanmaéki noted that 14% of patients who achieved rapid
test results — defined as less than 30 seconds — exhibited severe symptoms of ColdU [21].

Although the ice cube test is widely regarded as a highly specific diagnostic method (Siebenhaar
reported a sensitivity of 85% and specificity of 100%; Holm reported a sensitivity of 53% and
specificity of 97%), it is fundamentally a qualitative assessment, as it does not quantify the critical
temperature threshold — namely, the maximum temperature values at which ColdU symptoms
manifest in an individual patient [113, 114]. The potential for threshold provocation testing in patients
with ColdU is facilitated by TempTest, a standardized device that accurately determines the critical
threshold within a range of +1°C from 4°C to 44°C [115, 116]. Variations in critical temperature
threshold values are correlated with fluctuations in disease activity [117, 118].

The provocative examination of patients with CholU is constrained by the necessity to monitor
the patient for a duration of 24 hours following a positive test result, which includes the surveillance
of hemodynamic parameters due to the elevated risk of systemic reactions. For the differential
diagnosis of CholU and AnIPhE, testing in a hot water bath is considered more advantageous, as a
positive result in the absence of physical exertion effectively excludes the diagnosis of AnIPhE in the
patient [70, 119]. However, the analysis of the time threshold associated with provocation testing in
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CholU has not been extensively evaluated in large-scale studies. In a cohort study involving 38
patients diagnosed with CholU, a notable trend was observed indicating an increased likelihood of
systemic reactions correlating with higher thresholds during the treadmill test [40].

2.6. Therapy

Preventive measures aimed at avoiding cold triggers constitute the foundational approach to
therapy in the management of CholU and ColdU [120]. Implementing lifestyle modifications and
ensuring that healthcare professionals from various specialties are informed about the necessity of
establishing specialized conditions and restrictions — such as maintaining normothermic conditions
in operating and diagnostic rooms, avoiding the parenteral administration of cold infusion solutions,
and refraining from treating extensive skin surfaces with antiseptic solutions — are of paramount
importance when patients with ColdU seek medical attention [121, 122]. A comprehensive list of
restrictive measures has been developed for both patients with ColdU and healthcare providers
across different specialties, including cardiothoracic surgeons, neurosurgeons, obstetricians-
gynecologists, oncologists, and general practitioners [112]. Refer to Fig. 1.
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Figure 1. Points to be avoided/performed with great caution by healthcare professionals when managing a
patient with cold urticaria. (Adapted from Maltseva N, Borzova E, Fomina D, Bizjak M, Terhorst-Molawi D,
Kosnik M, Kulthanan K, Meshkova R, Thomsen SF, Maurer M; COLD-CE Steering Committee. Cold urticaria -
What we know and what we do not know. Allergy. 2021 Apr;76(4):1077-1094. doi: 10.1111/all.14674).

Approaches to therapy of CholU coincide with the principles of ColdU treatment and are
primarily the avoidance of etiologic triggers — intense physical activity, stress, sauna/hot bath, intake
of hot food or drinks [4, 123]. A list of lifestyle modification interventions, for patients with CholU
has now been generated and published [124]. Fig. 2.
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Figure 2. Key considerations for patients (based on threshold levels) and actions to be undertaken with caution
by healthcare professionals when managing patients with Cholinergic Urticaria. (Adapted from Maltseva N.P.,
Ryabova K.A., Zhernov Y.V, Sebekina O.V. Aspects of pathogenesis, differential and modifying approaches in
cholinergic urticaria // Russian Journal of Allergy. 2024. 21; 4: 479-491. doi: 10.36691/RJA16952).

2.6.1. Antihistamines

Developing a comprehensive therapeutic algorithm based solely on preventive measures is often
impractical due to the diverse aspects of a patient’s active life and the individual threshold levels of
sensitivity to cold, which may be critically low. Current therapeutic strategies for all inducible forms
of urticaria necessitate the administration of antihistamines at therapeutic doses, with the option to
escalate to 2- or 4-fold doses in cases of insufficient efficacy [2, 4]. Most studies investigating the
efficacy of antihistamines in ColdU and CholU indicate that this treatment modality is effective in
achieving complete or partial control of urticaria symptoms in the majority of patients.

Magerl et al. reported a complete response in 82% of patients with ColdU following treatment
with ebastine at standard doses, corroborated by negative results from the ice cube test [125].
Wanderer et al. observed an increase in the critical temperature threshold and a positive clinical
response during treatment with cyproheptadine [126]. Villas Martinez and colleagues conducted a
study involving loratadine, cetirizine, cyproheptadine, and ketotifen, reporting that 85%, 28%, 80%,
and 80% of patients, respectively, experienced complete regression of ColdU symptoms and an
increase in the threshold duration for cold stimulation [127]. Neittaanmaki et al. documented a
regression of rashes in 53% and pruritus in 67% of patients receiving cyproheptadine therapy [128].
In a cohort of patients with ColdU, St-Pierre et al. noted an increase in the threshold duration for cold
stimulation in 83% of cases during treatment with ketotifen compared to baseline measurements
[129]. A meta-analysis conducted by Kulthanan, which encompassed nine randomized trials,
demonstrates the efficacy of both standard doses of antihistamines in the management of ColdU and
the potential benefit of dose escalation when necessary [130]. For patients who have not achieved
adequate control of their urticaria symptoms with antihistamines at therapeutic doses, second-line
therapy involving 2- or 4-fold doses of antihistamines may prove effective. Metz et al. illustrated in
their analysis that 52% of patients achieved complete control over a 7-day period while undergoing
treatment with a 2-fold dose of rupatadine. Similarly, Gimenez-Arnau and colleagues reached a
comparable conclusion, noting a decrease in the maximum temperature required for the onset of
ColdU symptoms following treatment with 20 mg of rupatadine [131]. In the analysis by Abajian, it
was reported that 30% of patients achieved symptom control at a dose of 20 mg of rupatadine, while
50% experienced control at a dosage of 40 mg [132]. In the study conducted by Siebenhaar et al., it
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was demonstrated that treatment with desloratadine at standard doses is less effective than at 4-fold
doses; specifically, desloratadine at 5 mg controlled symptoms in 23% of patients, whereas the 20 mg
dose achieved control in 50% [83]. Krause et al. reported the effectiveness of dose escalation for
bilastine, with a 2-fold increase resulting in efficacy in 55% of cases and a 4-fold increase
demonstrating efficacy in 60% [29]. Conversely, Levnadier et al. did not observe any significant
efficacy of misolastine for the treatment of patients with ColdU compared to placebo [133]. Most
researchers evaluating the impact of antihistamine therapy have concentrated on the reduction of the
critical temperature threshold as measured by TempTest. According to a systematic review
conducted by Magerl et al., more than 30% of patients achieve complete control of urticaria symptoms
when receiving escalated doses of antihistamines [86].

Non-sedating antihistamines at therapeutic doses may provide effective treatment for a subset
of patients with CholU. Dressler et al., in their meta-analysis of placebo-controlled trials involving
316 patients, demonstrated the efficacy of antihistamines compared to placebo; however, the authors
acknowledged the limitations imposed by the small sample size [132]. In cases where there is
inadequate response to standard doses of antihistamines, symptom control in CholU may be
attainable through escalation to 2- or 4-fold doses [134-137]. However, it is noteworthy that patients
exhibiting the CholU phenotype in conjunction with AIGA typically demonstrate a poor response to
antihistamine therapy [76, 77, 138].

The authors emphasize the paramount importance of a personalized approach in the selection
of antihistamines and the determination of the appropriate daily dosage for basal therapy.
Historically, the strategy of substituting one antihistamine for another to enhance therapeutic efficacy
was commonly employed. Despite the reported positive outcomes associated with such personalized
selection of antihistamines, there remains a lack of robust scientific evidence supporting this
methodology [139]. While antihistamines have demonstrated effectiveness in the management of
urticaria, it is noteworthy that even regular administration at high doses does not preclude the
occurrence of anaphylaxis during significant cold exposure, nor does it adequately control symptoms
in approximately 20% of patients [130]. Various theories have been proposed regarding the etiology
of resistance to antihistamine therapy, suggesting involvement not only of H1-histamine receptors
but also of H2 and H4 receptors, as well as non-histamine receptors in the pathogenesis. Additionally,
the possibility of histamine receptor gene polymorphism contributing to this resistance cannot be
excluded [140].

2.6.2. Monoclonal Antibodies

In cases where urticaria exhibits resistance to antihistamine therapy, the use of monoclonal
antibodies targeting circulating IgE, such as Omalizumab, presents a viable therapeutic option.
Although the application of this treatment is constrained by the absence of official guidelines for all
forms of inducible urticaria, the efficacy of Omalizumab has been documented in patients with both
CholU and ColdU. The positive outcomes associated with Omalizumab in CholU are currently
supported by placebo-controlled studies, as well as prospective and retrospective analyses, including
case series [141-143]. For instance, a retrospective study conducted by Metz et al. revealed that 62%
of patients with CholU achieved complete clinical control, as evidenced by negative results from
control provocation testing [144].

The efficacy of Omalizumab therapy in patients diagnosed with ColdU is evidenced by data
derived from a placebo-controlled randomized clinical trial, which evaluated the effects of different
dosages (150 mg and 300 mg) and obtained positive results four weeks post-initiation of treatment
[145]. A comprehensive meta-analysis conducted by Maurer et al. included a cohort of 51 patients,
revealing that complete or partial symptom control was achieved in 41 individuals [141]. Currently,
the prospect of individualized dosing of Omalizumab and personalized dosing frequency contingent
upon therapeutic response is under consideration [146]. Notably, the initial attempt to utilize
Omalizumab in CINDU was made in a ColdU patient with systemic reactions and bronchial asthma.
As a result of therapy at a dosage of 375 mg over a duration of five months, control of not only the
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symptoms of ColdU (as indicated by a negative cold test) but also asthma was successfully achieved
[147].

At present, clinical investigations into the efficacy and safety of alternative monoclonal
antibodies in the treatment of ColdU and CholU are ongoing. Thus, various phases of research
regarding the impact on the manifestation of clinical symptoms associated with ColdU and CholU
are currently being conducted:

e  Dupilumab is a recombinant human monoclonal antibody that specifically inhibits interleukin-
4 and interleukin-13 signaling by binding to the IL-4Ra subunit;

e Ligelizumab is a humanized anti-IgE monoclonal antibody;

e  Barzolvolimab, an IgG1-k monoclonal antibody, serves as an inhibitor of the KIT tyrosine kinase
receptor [148, 149].

The results of most clinical trials have been encouraging, with barzolvolimab demonstrating
achievement of complete control in 95% of patients with ColdU following the initial administration.
Inhibition of KIT may represent a promising avenue for the treatment of urticaria and other
conditions mediated by mast cells [150]. Lirentilimumab, an IgG monoclonal antibody targeting sialic
acid-binding Ig-like lectin 8 (SIGLEC 8), has demonstrated efficacy in 82% of patients with CholU
who exhibit resistance to Omalizumab therapy [151]. Concurrently, Ligelizumab, which exhibited
maximum IgE affinity and greater efficacy compared to Omalizumab in phase IIb studies, did not
demonstrate superiority in phase III clinical trials [149, 152]. Studies investigating rilonacept, an
interleukin-1 inhibitor, have not confirmed its efficacy in the treatment of ColdU [153]. There are
reports indicating a potential positive effect of etanercept, a tumor necrosis factor-a inhibitor, and
anakinra, an interleukin-1 receptor antagonist, in managing ColdU, based on clinical cases
demonstrating successful treatment outcomes [154, 155]. Lirentilimumab, a humanized IgG
monoclonal antibody targeting sialic acid-binding Ig-like lectin 8 (Siglec-8), is regarded as a
promising therapeutic option for patients diagnosed with CholU [156]. Izuforant, a selective oral
histamine H4 receptor (H4R) antagonist, has shown a high safety profile in patients with CholU;
however, it did not exhibit a significant effect on the course of urticaria [157]. (Table 2).

Table 2. Potential Targeting Molecules Investigated or Currently Under Investigation for the Treatment of Cold
and Cholinergic Urticaria. II-1 — Interleukin-1; I1-4 — Interleukin-4; FceRI - high affinity receptor for IgE; Siglec 8
— sialic acid-binding immunoglobulin-like lectin 8; KIT — KIT tyrosine kinase receptor; BTK — Bruton'’s tyrosine

kinase; H4R — histamine 4 receptor.

Medication Target Urticaria Type ClinicalTrials.gov Status
Identifier
Rilonacept IL-1B, IL-1x ColdU NCT02171416 Completed
Dupilumab IL-4Ra ColdU NCT04681729 Completed
CholU NCT03749148 Completed
Ligelizumab FceRI ColdU, CholU NCT04513548 Terminated
Lirentelimab Siglec 8 CholU NCT03436797 Completed
Barzolvolimab KIT ColdU, CholU NCT04548869 Completed
Omalizumab FceRI ColdU NCT01580592 Completed
NCT05960708 Completed
CholU NCT02012387 Completed
Remibrutinib BTK ColdU, CholU NCT05976243 Recruiting
ColdU, CholU NCT06865651 Not yet
recruiting
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BLU-808 Wild Type ColdU NCT06931405 Not yet
KIT recruiting
Izuforant H4R CholU NCT04853992 Completed

2.6.3. Cyclosporine and Glucocorticoids

Despite the high efficacy profile associated with anti-IgE therapies and other monoclonal
antibody options for ColdU and CholU, there are limitations to their official use, as well as evidence
indicating a lack of efficacy in certain patients [142, 158, 159]. In such cases, the utilization of
cyclosporine may prove beneficial. Conclusions regarding the efficacy of cyclosporine are derived
from an analysis of clinical cases documented in the global literature. However, factors limiting its
widespread application include the absence of large-scale clinical trials and the potential for
significant drug toxicity [160, 161].

Both oral and parenteral systemic glucocorticoids can alleviate exacerbations or achieve control
in severe cases of all types of chronic urticaria. Current consensus guidelines recommend that this
therapeutic course should not exceed 10 days and that the lowest effective doses should be employed
due to the high likelihood of adverse effects [4].

Notwithstanding the existing risks, several authors consider pulse therapy with glucocorticoids
in patients presenting with a combination of CholU and AIGA as a viable therapeutic option [64, 162,
163].

2.6.4. Alternative Therapies

Numerous investigators have explored various pharmacological agents for the treatment of
ColdU and CholU; however, these methods have not gained widespread acceptance due to a limited
evidence base and concerns regarding safety profiles (Table 3).

Table 3. Alternative therapies for cold and cholinergic urticaria.

Cold Urticaria Cholinergic Urticaria
doxepin 30 methantelenium bromide’¢4
azathioprine! antihistamine+scopalamine butylbromide!6>
mycophenolate mofetil’ botulinum toxin 166
cynnarizine 16 antihistamine+propranolol+montelukast 68
doxycycline ¢ danazol 170
montelukast 17! montelukast 172

There are isolated reports regarding the efficacy of desensitization protocols utilizing autologous
sweat in patients with CholU [117]. The potential application of cold tolerance induction methods in
the management of ColdU has been documented [173]. Several techniques have been developed that
rely on regular skin exposure to a cold trigger. The therapeutic effect is hypothesized to result from
the depletion of histamine reserves within mast cells due to continuous cold exposure. However, the
treatment involving cold desensitization carries inherent risks, particularly concerning the potential
development of anaphylaxis, and may lose its therapeutic relevance in the absence of consistent
contact with the cold trigger [90]. Protocols analogous to this approach, which incorporate regular
physical exercise for patients with CholU, may also yield beneficial effects [174]. The risks associated
with this therapy are comparable to those observed in ColdU, characterized by a heightened risk of
systemic reactions and demonstrated efficacy only when conducted on a daily basis.

2.6.5. Epinephrine
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Given the significant incidence of systemic reactions associated with ColdU and CholU, it is
imperative to prescribe epinephrine hydrochloride as a rapid-relief therapeutic intervention and to
educate patients at risk on self-administration techniques for urgent situations [82, 175]. In the
absence of well-defined criteria for identifying a high-risk group susceptible to life-threatening
reactions in individuals with CholU, anamnestic indicators of anaphylaxis, the prolongation of the
provocation test time interval, and the presence of angioedema are taken into consideration. A
number of clinical predictors for systemic reactions have been identified in ColdU, wherein the
administration of epinephrine is warranted even in the absence of prior anaphylaxis [176]. These
predictors include:

e Oropharyngeal or laryngeal angioedema accompanied by pruritus of the earlobes;
e Concomitant bronchial asthma;
e Anindividual threshold time for cold stimulation of three minutes or less [23, 35].

Epinephrine administration algorithm

Cold urticaria Cholinergic urticaria

1. A history of anaphylaxis

2. High risk of anaphylaxis
angioedema of the oropharynx and/or larynx

. concomitant bronchial asthma . angioedema of other localisations

. history of systemic reaction to stinging = association of severe symptoms with
) exercises

- itchy earlobes

3. Predictors of anaphvlaxis

. shortening of the critical temperature . prolonging the time of provocative testing®*
threshold
. Increase in the size of the urticaria on

. . * needs further investigation
provocation testing

Figure 3. Epinephrine administration.

The administration of epinephrine via autoinjector is preferred for the rapid realization of self-
and mutual aid [177]. A multicenter study on ColdU reported a low rate of epinephrine prescriptions
by specialists, with only 11% of patients receiving recommendations for its use [178]. To date, no
similar studies have been conducted for CholU. An additional challenge is the lack of official
registration of autoinjectors in some developing countries.

The management of patients at high risk for anaphylaxis due to ColdU and CholU, in addition
to the aforementioned issues, is further complicated by the extremely limited information available
in guidelines and position papers from various countries. For instance, while consensus documents
from the United States and the United Kingdom acknowledge the potential for systemic reactions in
patients with ColdU and CholU necessitating epinephrine administration, this issue is not addressed
in most other countries [175, 179].

In position papers from countries such as Australia and New Zealand (ASCIA), Japan, Brazil,
and South Africa, urticaria is merely mentioned as one of the possible symptoms of anaphylaxis. This
underscores the necessity for further research and systematic organization of knowledge on this
topic, which will serve as a foundation for the development of position documents and their
integration into routine clinical practice [180-183].
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3. Conclusions

The potential development of life-threatening reactions in patients with ColdU and CholU is a
matter of significant concern. In cases of ColdU, the incidence of anaphylaxis has been reported to
range from 4% to 51%, based on studies conducted across various climatic zones [22, 35, 83, 86, 87].
Conversely, due to the scarcity of large-scale studies focusing on patients experiencing anaphylaxis
in CholU, epidemiological data remain limited; however, the manifestation of systemic reaction
symptoms in CholU has been documented by numerous authors [108, 109]. Reactions associated with
CholU or AnIPhE are characterized by a high prevalence of cardiovascular involvement and a
relatively severe progression of anaphylaxis itself [74].

It is fundamentally important to categorize patients at high risk for anaphylaxis into a distinct
group by identifying various predictors of life-threatening reactions. Efforts to identify these risk
factors have been documented in the global literature. For ColdU, various studies have identified
warning signs indicative of potential anaphylaxis, which include early onset of urticaria, severe
clinical manifestations, a reduction in the critical temperature threshold, comorbid bronchial asthma,
concomitant angioedema, and pruritus of the earlobes [20, 22, 35]. Among the limited number of risk
factors for systemic reactions in CholU reported in the literature, a notable correlation with
angioedema has been emphasized [40]. Clinical cases involving Kounis syndrome — a life-
threatening symptom complex characterized by acute coronary syndrome (myocardial infarction or
unstable angina) — have been documented in patients with both ColdU and CholU [96]. The
precipitating factors for these cases included cold water immersion and intense physical exertion [97,
101].

Consequently, the vast majority of patients with the studied forms of CINDU develop symptoms
during their young adult years, often experience prolonged periods without resolution, and are
compelled to limit their social and physical activities. Most significantly, they face increased risks to
their lives due to a considerable likelihood of anaphylaxis. Additional exacerbating factors
encompass a cold climate, a low rate of confirmed ColdU and CholU diagnoses through provocative
testing, the absence of official protocols for epinephrine administration via autoinjectors, and
inadequate awareness among healthcare professionals regarding the importance of diagnostic
approaches, management strategies, and monitoring for these patient populations.

The results of the aforementioned relationships underscore the significant contribution of
comprehensive history-taking in patients with ColdU and CholU. This process allows for the
identification of critical markers indicative of a prolonged and/or severe disease course during the
initial interview stage. Additionally, provocative testing serves as a potential indicator of the
anticipated severity of the condition. A fundamentally important role has been played by the
development of type-specific recommendations for lifestyle modifications tailored to these patients,
as well as the dissemination of information regarding potential risks to both patients and medical
professionals [112, 124].

Outstanding questions in the investigation of ColdU and CholU include the identification of
laboratory biomarkers that may indicate an increased risk of systemic reactions and the prediction of
treatment responses. Furthermore, there is a pressing need for the development of type-specific
recommendations applicable to all forms of CINDU. Addressing current challenges, such as
hypodiagnosis and the lack of formal avenues for effective therapy, is essential. Moreover, there is a
necessity for the establishment of clear clinical diagnostic criteria to identify individuals at increased
risk of systemic reactions, which would necessitate the formulation of a new treatment program
specifically designed for the management of CINDU.
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Abbreviations
AnIPhE exercise induced anaphylaxis
CINDU chronic inducible urticaria
CholU cholinergic urticaria
ColdU cold urticaria
CSuU chronic spontaneous urticaria
AIGA Acquired idiopathic generalized anhidrosis
CURE Chronic Urticaria Registry
IgE Immunoglobulin E
TRP Transient Receptor Potential
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