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Abstract

Background. Cold urticaria (ColdU) is a chronic inducible urticaria in which cold activates skin mast cells. Cold-
water and open-water swimming are increasingly popular. In people with ColdU, whole-body immersion can
provoke life-threatening reactions.

Aim. To review data on the risk of anaphylaxis in swimmers with ColdU, its diagnosis and management, and to
propose practical recommendations for cold-water and open-water swimming

Material and methods. Narrative review of guidelines, systematic reviews, randomised trials, cohort studies and

case reports identified in PubMed and reference lists.
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Results. In most cohorts, anaphylaxis occurred in 17-37% of patients with ColdU. Complete cold-water
immersion was its most frequent trigger. In water, early anaphylaxis is easily mistaken for cold shock, and rescue
from the water carries additional risk. Standard cold stimulation tests are negative in up to one third of patients.
Open-water races may be held in water as cold as 16 °C, which is below the critical temperature threshold of many
patients. Intramuscular adrenaline is the treatment of choice, yet autoinjectors are underprescribed. Higher-dose
antihistamines and omalizumab improve disease control but have not been shown to prevent anaphylaxis during
immersion.

Conclusions. Swimmers with ColdU need individual risk assessment, education, supervised swimming with
adrenaline at hand and horizontal extraction from the water. Prospective data from athletes are lacking.
Keywords: cold urticaria; anaphylaxis; open-water swimming; winter swimming; cold water immersion;

epinephrine; athletes; water safety

1. Introduction
Open-water swimming, winter swimming and cold-water bathing have all gained popularity. In the United
Kingdom, according to Sport England survey data cited by Massey et al., the number of people who swim in open
water at least twice a month has risen by 138% since 2016 [1]. Ice swimming in water colder than 5 °C now has
its own competitions [2]. There is no single definition of cold water. Water below about 15 °C is usually regarded
as cold, because it evokes a marked cold shock response [2,3]. Many health benefits are claimed for cold-water
swimming, but most of these claims rest on small or low-quality studies [3,4], whereas the risks, including
drowning, cardiac arrest and hypothermia, are better documented [2,3]. Official UK data recorded 193 accidental
water-related deaths in 2024 [5].
For some swimmers, an underlying disease adds a further hazard. Cold urticaria (ColdU) is a form of chronic
inducible urticaria in which cold activates mast cells and causes wheals, angioedema or both [6,7]. The reaction is
not always limited to the skin: anaphylaxis has been reported in about one fifth (pooled estimate) to more than one
third of patients [8,9], and complete immersion in cold water is its most frequently identified trigger [8]. On land,
a brief fall in blood pressure or a short loss of consciousness is rarely fatal. In water, it can lead to drowning.
Patients also report that the disease limits their everyday activities and hobbies [10].
The relevant evidence comes from two fields that seldom cite each other. Papers on allergy rarely consider what
happens to the body in cold water, while papers on cold-water swimming and drowning hardly ever mention ColdU
as a possible cause of an incident. Because standard provocation tests are also negative in a sizeable proportion of
patients [11], athletes, coaches, lifeguards and doctors may miss the disease or underestimate its danger.
Research objective. The aim of this review is to summarise data on the epidemiology, pathogenesis, diagnosis
and treatment of ColdU, with a focus on anaphylaxis during cold-water swimming and other open-water activities.
Research problems. (1) How often, and by what mechanisms, does cold-water immersion lead to systemic
reactions in ColdU? (2) Why may the diagnosis be missed in swimmers? (3) How should acute management,
rescue and long-term counselling be adapted for patients who want to keep swimming, including competitive
athletes?
Research hypotheses. Not applicable. As a narrative review, this work does not test predefined hypotheses.
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2. Research materials and methods

2.1. Literature search and study selection

This is a narrative (non-systematic) review. We searched PubMed and screened the reference lists of key papers.
The last search was performed on 12 October 2026, and priority was given to studies from the last ten years. We
used the following terms and their combinations: "cold urticaria”, "cold-induced urticaria”, "cold-induced
anaphylaxis"”, "chronic inducible urticaria”, "cold stimulation test", "critical temperature threshold", "cold water
immersion”, "cold shock”, "cold water swimming", "winter swimming", "drowning", "anaphylaxis" and
"adrenaline autoinjector". For anti-doping aspects we consulted the current World Anti-Doping Agency (WADA)
Prohibited List [12].

We included international guidelines and consensus statements, systematic reviews and meta-analyses,
randomised controlled trials, cohort studies, and selected case reports and research letters that provided data not
available elsewhere. Only publications in English were considered. We excluded papers that did not deal directly
with cold urticaria, anaphylaxis or the physiology of cold-water immersion, as well as conference abstracts and
other sources that had not been peer reviewed. The only exceptions to the latter rule were the official statistics,
regulatory documents, competition rules and product information used in sections 1, 3.6 and 3.7. Three of the
authors selected the studies and resolved disagreements by discussion. In total, 56 sources were included (51 peer-
reviewed publications and 5 official documents), and the bibliographic details of each were checked in PubMed
or, for documents not indexed there, on the website of the issuing organisation. Older papers were kept only if
they remain the main source on a given question and have not been superseded; on this basis, 6 of the 56 cited
sources were published before 2016.

Because the included studies differ in design, population and outcome definitions, particularly in how they define
anaphylaxis, we synthesised the data qualitatively and did not perform a formal risk-of-bias assessment, meta-
analysis or statistical analysis. Numbers are given as reported in the original papers, and the main cohorts are
summarised in Table 1.

3. Research results

3.1. Epidemiology and classification

Urticaria is a mast cell-driven disease that presents with wheals, angioedema or both. The current international
guideline divides chronic urticaria into a spontaneous form, in which symptoms arise without a specific external
trigger, and chronic inducible urticaria (CIndU), in which a defined physical or other stimulus provokes them; both
forms impair quality of life as well as performance at work and school [7]. ColdU belongs to the CindU group,
with wheals and/or angioedema appearing after exposure to cold [6,7].

In a meta-analysis, ColdU accounted for 7.6% of chronic urticaria and 26.1% of CIndU cases, which places it
among the more common inducible urticarias [9]. It affects children as well as adults. Some patients only ever
notice a few wheals on cold-exposed skin, while others react with generalised symptoms or anaphylaxis [6,8]. The
largest study so far, the international cross-sectional COLD-CE study (comprehensive evaluation of cold urticaria

and other cold-induced reactions), enrolled 551 patients in 32 urticaria centres of reference and excellence; 412



(75%) of them had typical ColdU, and 91% of these were adults [8]. Much of the remaining data comes from
paediatric cohorts [13,14,15].

ColdU can be acquired or hereditary, and the acquired form predominates. Hereditary cold-induced syndromes are
rare monogenic disorders with a different course and need a separate diagnostic approach [16]. Acquired ColdU
is further split into a typical form, in which the standard cold stimulation test (CST) is positive, and an atypical
form, in which the test is negative even though the history clearly points to cold-induced symptoms [6]. The two
groups differ in age at onset, comorbidities and the frequency of severe symptoms [11], so the distinction has
practical weight, and atypical ColdU itself covers several distinct clinical subtypes [17]. Most acquired cases are
primary (idiopathic). Secondary forms linked to infections, cryoproteins or haematological malignancies are
uncommon [6,18,19].

ColdU tends to persist, in an athlete usually through several training seasons. In a 20-year follow-up study, data
were obtained from 41 of 99 patients; the estimated resolution rate was 17.9% at 5 years and 24.5% at 10 years,
and 55% reported stable or worsening disease, although patients with persistent disease may have been more likely
to respond [18]. In a Spanish tertiary-centre cohort of 74 patients, 25.7% achieved complete resolution, less often
after paediatric onset (5.0% vs 33.3% with adult onset) and after severe systemic reactions (7.1% vs 36.0% with

localised symptoms) [20].

3.2. Pathogenesis

Skin mast cells are the main effector cells. On cold exposure they degranulate and release histamine and other
mediators, which increase vascular permeability and dilate vessels, so that wheals, itch and angioedema follow
[6,21]. The wheals usually appear only once the skin warms up again and most fade within an hour [6], so
mediators may keep entering the circulation after the cold exposure has ended.

According to the most widely accepted hypothesis, cold induces the formation of skin autoallergens, which are
then recognised by IgE bound to mast cells [6]. The response to omalizumab, an anti-IgE antibody, supports a role
for IgE [21,22], although the autoallergens themselves have not yet been identified. Besides the IgE pathway acting
through the high-affinity receptor FceRI, IgE-independent mechanisms have been proposed, including mast cell
activation via the Mas-related G protein-coupled receptor X2 (MRGPRX2) and a contribution from neuropeptides
[21]. These pathways could explain why some patients respond poorly to anti-IgE treatment, and several drugs
now in development target them [21].

How much skin is cooled shapes the clinical picture. A cold object usually causes wheals only where it touches
the skin, whereas cooling of a large part of the body surface, as in swimming, may release enough mediators to
cause systemic symptoms and anaphylaxis [23]. A case report of monoclonal mast cell activation syndrome with
a KIT D816V mutation that presented as severe ColdU suggests that a clonal mast cell disorder should be
considered in patients with severe disease [24].

Cryoproteins may matter in a subgroup of patients, but they do not explain ColdU as a whole. In pooled published
data, cryoglobulins, cryofibrinogens and cold agglutinins were elevated in 3.0%, 1.1% and 0.7% of patients,
respectively, and none of 49 prospectively tested patients had cryoglobulins or cryofibrinogens [19]. A prospective

single-centre cohort of 35 patients, however, gave a different picture. Cold agglutinins were found in 46% and



cryoglobulins in 27% of those tested, and patients with cold agglutinins more often reacted to cold air and to
immersion in water below 25 °C (75% vs 37%) [25].

Current data argue against an autoinflammatory basis of acquired ColdU, although how mast cells are activated in
the disease is still only partly understood. Patients with acquired ColdU did not carry pathogenic variants in genes
linked to autoinflammatory syndromes [26], and in a randomised placebo-controlled trial in 20 patients,
interleukin-1 (IL-1) blockade with rilonacept did not change the critical temperature threshold [27]. In a phase 3
trial, dupilumab did not improve the signs and symptoms of ColdU or the ice cube test result compared with
placebo [28].

3.3. Cold-water immersion as a specific trigger
For a patient with ColdU, cold water is a much harsher stimulus than cold air or a cold object. Air or an object
usually cools a limited patch of skin, whereas immersion cools nearly the whole body surface at once, and because
the thermal conductivity of water is 24 times that of air, skin temperature falls within seconds of entry [3]. Mast
cells can then degranulate over a large area at the same time, and the amount of histamine and other mediators
reaching the circulation may be enough to cause systemic symptoms [6,23].
In COLD-CE, complete cold-water immersion was the most frequent trigger of cold-induced anaphylaxis (ColdA):
it had caused ColdA in 27% (112 of 412) of patients with typical ColdU, twice as often as cold air (13%), although
in tropical countries cold air played a larger role [8]. In an Australian series of 99 patients, every episode of
anaphylaxis followed immersion in cold water [18], and in a Spanish cohort cold water was reported by 13 of 14
patients with severe systemic reactions [20]. Children show a similar pattern. Swimming caused 77.6% of grade 3
reactions in a cohort of 415 paediatric patients [13], and in another paediatric cohort swimming on windy days
was reported more often by children with anaphylaxis than by other children with ColdU [15].
Reactions are not limited to cold open water. In 45 patients with acquired ColdU, the critical temperature threshold
(CTT) ranged from 4 to 27 °C, with almost half of the patients at 20 °C or higher and 71% at 16 °C or higher.
Patients with severe disease had higher thresholds than those with mild disease (22.0 vs 12.3 °C) [29]. In the
Spanish cohort, CTT values ranged from 4 to 26 °C [20]. A scientific diver even continued to have symptoms in
pools heated to about 32 °C (90 °F), despite taking cetirizine at up to four times the standard dose [30].
Immersion also sets off physiological responses that have nothing to do with ColdU. Sudden entry into cold water
triggers the cold shock response, with an involuntary gasp, hyperventilation that is hard to control, tachycardia,
peripheral vasoconstriction and a rise in blood pressure. It peaks in the first minutes and can lead to aspiration and
drowning, particularly in people who are not used to cold water [2,3,31]. When the face is submerged and the
breath is held, the diving reflex adds parasympathetic drive to the sympathetic one, and this "autonomic conflict"
can provoke cardiac arrhythmias [32]. Longer immersion cools muscles and peripheral nerves and makes
swimming less effective (swim failure), while hypothermia develops last [2,33].
Regular winter swimmers can blunt the cold shock response through repeated immersions [2,3]. No study,
however, has shown that this adaptation lowers mast cell reactivity in ColdU, and habituation acquired informally
through winter swimming cannot be regarded as treatment. Deliberate cold desensitisation, with gradually
increasing exposure to cold water followed by daily maintenance exposure, may reduce ColdU symptoms, but it
is rarely used because it requires supervised, repeated exposure and itself carries a risk of systemic reactions [21].
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In a swimmer with ColdU these mechanisms overlap. Breathlessness, a racing heart, dizziness and weakness are
easily attributed to ordinary cold shock, and early anaphylaxis may go unrecognised. A short loss of consciousness
or sudden weakness in the water usually leads to submersion [31], after which the original cause of the incident
may never be identified. There are no reliable data on the fatality rate of ColdU [6].

The timing of symptoms is also important. In ColdU, wheals typically develop during rewarming [6], that is, after
the swimmer has left the water and blood returns to the cooled skin. Leaving the water also removes the hydrostatic
pressure on the body and reduces venous return, which is the mechanism behind circum-rescue collapse in
immersion victims [33], and histamine-induced vasodilation and capillary leak may lower blood pressure further.
This sequence has not been studied directly in patients with ColdU. If it holds, the first minutes after exit would
be a period of particular risk, and the swimmer should not be left unobserved. Systemic reactions can, however,

also begin while the swimmer is still in the water. The sequence of hazards from entry to rewarming is summarised

in Figure 1.
Entry — . Rewarming
(first minutes) Dol i (minutes after exit)
time
( ™
Immersion Cold shock: gasp, Autonomic conflict (face immersion); Loss of hydrostatic Cold shock has subsided;
physiology hyperventilation, later swim failure and, last, pressure — circum- cooled skin and
(all swimmers) tachycardia, 1BP hypothermia rescue collapse muscles rewarm
- J
s AN v
! i
1
Cold urticaria Rapid cooling of almost the whole skin surface - mast cell activation | ! Rewarming - wheals and mediator release into the circulation; 1
(mast cell over a large area; systemic reaction may begin in the water | vasodilation and capillary leak may add to hypotension ]
activation) (early anaphylaxis easily mistaken for cold shock) [ (hypathesis: period of particular risk) 1
i i
L) 1

Source: own elaboration based on [3,6,23,32,33].

Figure 1. Overlap of immersion physiology and cold urticaria during a cold-water swim. The dashed box marks a hypothesis that has
not been studied directly.

3.4. Risk of anaphylaxis

Systemic reactions are common in ColdU and can be life-threatening. COLD-CE defined ColdA as acute cold-
induced involvement of the skin or visible mucosa with at least one cardiovascular (hypotension, loss of
consciousness or presyncopal symptoms), respiratory or gastrointestinal symptom. By this definition, 151 (37%)
of the 412 patients with typical, CST-positive ColdU had experienced ColdA [8]. A meta-analysis of 14 studies
put the pooled frequency of anaphylaxis at 21.49% (95% confidence interval 15.79-28.54), with substantial
heterogeneity (12 = 69%) [9].

Single-centre and paediatric cohorts report somewhat lower figures, of about 17-19% (Table 1) [13,14,20]. An
even lower figure, 1 of 27 patients (3.7%), came from a small cohort in a tropical country [34], which fits the lower
share of immersion-related reactions in tropical climates [8]. The spread may reflect different definitions of

anaphylaxis, retrospective data collection and the higher share of severe cases in specialist centres.



Table 1. Frequency of systemic reactions and the role of swimming in the main cohorts of patients with cold urticaria

centres); typical

ColdU; 91% adults

cardiovascular,
respiratory or

gastrointestinal

Study Design and [ n Outcome definition | Frequency Role of swimming /
population immersion

Bizjak et al. | International 412 | ColdA: skin or|37% Complete cold-water

2022 (COLD- | multicentre  cross- mucosal symptoms immersion caused

CE) [8] sectional study (32 plus >1 ColdA in 27% of

patients (cold air 13%)

etal. 2023 [15]

paediatric centres in

symptom
Prosty et al. |Systematic review |— Anaphylaxis as | 21.49% (95% | —
2022 [9] (22 studies) and defined in primary | Cl 15.79-
meta-analysis (14 studies 28.54; 12 =
studies); studies 69%)
published 2011-2021
Deza et al. 2016 | Single tertiary centre | 74 Severe systemic | 18.9% Cold water was a
[20] (Spain), reactions (type I11) trigger in 73% of
retrospective; adults patients and in 13 of
and children (27% 14  with type 1l
paediatric onset) reactions
Yee et al. 2019 | Single paediatric | 415 | Grade 3 reactions | 18.6% Swimming caused
[13] tertiary centre (USA), (anaphylaxis) 77.6% of grade 3
retrospective, 1996— reactions
2017
Jain and Mullins | Single allergy | 99 Anaphylaxis 28.3% All episodes  of
2016 [18] practice, (respiratory and/or anaphylaxis followed
retrospective,  with cardiovascular immersion in cold
follow-up compromise) water
questionnaire; adults
and children
Prosty et al. | Single paediatric | 52 ColdA: >2 organ | 17.3% Swimming triggered
2022 [14] centre (Canada), systems or ColdA in 4 of 9
prospective, 2013- hypotension children, cold air in 4
2021 and both in 1
Karabag Citlak | Multicentre (1183 ColdA - Swimming  reported

by 70.0% of children




Study

Design and

population

Outcome definition

Frequency

Role of swimming /

immersion

Turkey, 2010-2022),

retrospective

with ColdA vs 28.9%

of others; swimming

in wind 50.0% vs

4.1%

Source: own elaboration based on the cited studies.
Notes: ColdA, cold-induced anaphylaxis; ColdU, cold urticaria; Cl, confidence interval; —, not reported or not applicable. For the meta-analysis,

the number of pooled studies is given in the Design and population column instead of n.

Swimming is thus the main trigger of systemic reactions in adults and children (see section 3.3) [8,13,15]. Because
none of these studies recorded how often patients swim, however, the figures describe the share of reactions
attributable to swimming and not the risk per swim.

Some clinical features point to patients at higher risk. In COLD-CE, generalised wheals, angioedema, acral
swelling, oropharyngeal or laryngeal symptoms and itchy earlobes marked severe disease, and all of these except
generalised wheals and acral swelling also predicted cardiovascular symptoms, as did a previous systemic reaction
to a Hymenoptera sting. Hypotension or loss of consciousness after complete immersion was linked to paediatric
onset, although all these risk factors were based on patient history [8]. In the extended COLD-CE cohort (535
patients), oropharyngeal mucosal angioedema after cold food or drinks occurred in 32.1% of patients and was
linked to cardiovascular, respiratory and gastrointestinal symptoms [35]. In children, a raised eosinophil count was
associated with ColdA (adjusted odds ratio 1.38) [14], and 11.7% of children with a negative CST had also had
anaphylaxis [13].

Among patients with typical ColdU in COLD-CE, those who also had chronic spontaneous urticaria (40 patients,
10%) had ColdA much less often than those who did not (4% vs 39%), for reasons that remain unclear [8]. The
risk does not fade quickly. In one paediatric cohort the resolution rate was only 4.8 per 100 patient-years [14], and

in the largest one 7% of 415 children had more than one episode of anaphylaxis [13].

3.5. Diagnosis and diagnostic pitfalls

Diagnosis rests on the history and is confirmed by a CST [6,36]. In the standard test, a melting ice cube in a thin
plastic bag is placed on the forearm for 5 minutes and the site is assessed 10 minutes later, once the skin has
rewarmed. Cold-water arm immersion is an alternative when the ice cube test is negative, but it carries a risk of
systemic reactions [36]. The TempTest® device measures the CTT along a gradient from 4 to 44 °C with an
accuracy of 1 °C [37]. The two tests are not interchangeable, since 16.7% of 318 COLD-CE patients tested with
both reacted only to the ice cube [35]. In a small study of 45 patients, the CTT correlated with patient-rated disease
severity (r = 0.53) and its changes followed changes in disease activity (r = 0.64), so it can also be used to monitor
treatment [29]. The Cold Urticaria Activity Score (ColdUAS), a four-item patient-reported questionnaire with a
24-hour recall period, is designed for prospective monitoring and was still being validated at the time of its
publication [38].



The most important pitfall is a negative standard test in a patient whose history is typical. In an analysis of COLD-
CE limited to the 11 centres that enrolled both test-positive and test-negative patients, 121 of 364 patients (33.2%)
had a negative standard CST [11]. The overall COLD-CE proportion of 75% test-positive patients [8] therefore
underestimates how common negative tests are, because some centres enrolled only test-positive patients [11].
Earlier cohorts reported negative or non-classical test results in 8-41% of patients, with different definitions and
protocols [11]. In a tertiary centre cohort, 28.4% had negative tests and were classified as atypical ColdU [20], and
in paediatric cohorts the test was negative in 30.1% [13] and 28.9% [15] of the children tested.

CST-negative patients were younger and had earlier disease onset; they more often had a family history of ColdU
and concomitant chronic spontaneous urticaria (24.0% vs 9.1%) and more often developed symptoms only when
they felt cold (28.1% vs 9.1%) [11]. A recent systematic review described 10 subtypes of atypical ColdU, among
them delayed, extended-exposure, generalised-exposure, localised, water-dependent and food-dependent ColdU
and cold-induced cholinergic urticaria, and proposed modified cold stimulation tests for them, eight of which were
successfully pilot-tested [17]. In some patients with a negative TempTest, the diagnosis was confirmed only by
immersing the hand and forearm in iced salt water [34], a test much closer to the exposure of a swimmer.
Test-negative patients are not a low-risk group. Difficulty breathing (28.4% vs 10.7%) and cardiovascular
symptoms (31.7% vs 15.7%) were more frequent in CST-positive patients. Full cold-water immersion, however,
was still a trigger in 68.6% of CST-negative patients, and only 9.1% of them had been prescribed an adrenaline
autoinjector, compared with 30.5% of CST-positive patients [11]. A convincing account of reactions after
swimming outweighs a negative test result [11,23]. The test itself is not free of risk: a woman with previous cold-
induced anaphylaxis had two episodes of anaphylaxis 5-10 minutes after diagnostic provocation [39]. Such
reactions appear to be rare, but patients with previous systemic reactions should be tested only where emergency
treatment is available and observed afterwards.

Differential diagnosis and secondary causes are another source of error. Cryoproteins are found in only some
patients and their clinical meaning is uncertain (see section 3.2) [19,25], and screening for infections is
recommended only when the history suggests it [6]. Severe ColdU may point to a clonal mast cell disorder, which
justifies measuring basal serum tryptase and, if it is raised, testing for the KIT D816V mutation [24]. Hereditary
and autoinflammatory syndromes (e.g. those linked to NLRP3, NLRP12, NLRC4 or PLCG2) should be considered
in patients with early onset, fever or a positive family history [16,26], although no pathogenic variants were found
in 50 patients with acquired ColdU [26]. Secondary causes are rare; in the 20-year follow-up study they were
identified in only 2 of 99 patients, both with a B-cell malignancy [18].

In athletes, overlapping symptoms make diagnosis even more difficult. Breathlessness and tachycardia in cold
water may be taken for cold shock, and in divers the skin lesions of ColdU may resemble decompression sickness
[30]. Exercise-induced anaphylaxis is another possibility; in its food-dependent form, symptoms typically develop
when exercise takes place within about 4 hours of eating a food to which the patient is sensitised [40]. Cold-
induced cholinergic urticaria, an atypical ColdU subtype provoked by exercise in a cold environment, is an obvious
candidate in swimmers who train in cold water [17].

Breathlessness, cough and frothy or blood-stained sputum during open-water swimming or the swim leg of a

triathlon suggest swimming-induced pulmonary oedema, which typically develops during heavy exertion, often in
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cold water, and has been proposed as a cause of deaths in triathletes [41]. An unexplained loss of consciousness
or collapse in cold water calls first for cardiological assessment, because arrhythmias related to autonomic conflict
or channelopathies such as congenital long QT syndrome may precipitate submersion [32,33]. ColdU belongs in
the differential diagnosis of such events, but not as the only explanation. A generalised rash, angioedema or

systemic symptoms after cold-water swimming should prompt referral to an allergist.

3.6. Acute management and treatment
Intramuscular adrenaline is the first-line treatment of anaphylaxis, including ColdA [23,42,43]. In healthcare
settings it is injected into the mid-thigh at a dose of 0.01 mg/kg, up to 0.5 mg [42,43]. For adolescents and adults
at risk, autoinjectors of at least 0.3 mg should be prescribed, and the dose should be repeated if symptoms do not
improve, or if they worsen, 5-10 minutes after the first injection [42]. International guidance notes that adrenaline
is still underused and recommends that every patient who has had anaphylaxis be referred to a specialist to identify
the cause and learn self-management [43]. Patients at risk should be prescribed an adrenaline autoinjector and
receive structured training in its use [42].
In ColdU, autoinjectors are underprescribed. Among COLD-CE patients with typical ColdU, no concomitant
chronic spontaneous urticaria and previous ColdA, only 37% had an autoinjector and only 8% had ever been
treated with adrenaline; among those whose ColdA had been caused by complete cold-water immersion, the
corresponding figure was 41% [44]. The COLD-CE investigators proposed prescribing an autoinjector to patients
with typical ColdU who have had ColdA and to those who report cold-induced angioedema, oropharyngeal or
laryngeal symptoms or itchy earlobes [8]. In their view, long disease duration, paediatric onset, generalised wheals,
acral swelling, a short critical stimulation time threshold and large wheals with pseudopodia also deserve attention
[8]. Neither antihistamines nor glucocorticoids replace adrenaline: antihistamines have been shown to relieve only
cutaneous symptoms, and evidence for the benefit of glucocorticoids is limited [42]. Serum tryptase helps to
confirm anaphylaxis and may reveal an underlying mast cell disorder [24,42]. Ideally, it is measured between 30
minutes and 2 hours after the onset of the reaction and compared with a baseline value obtained at least 24 hours
after recovery.
Rescue from the water changes several steps of management. The swimmer has to be brought out first, but the
extraction itself carries risk, because lifting a casualty out vertically removes the hydrostatic pressure on the body,
reduces venous return and can cause circum-rescue collapse; horizontal extraction is therefore recommended
whenever possible [33]. A UK series of fatal anaphylaxis points the same way [45]. In all 10 out-of-hospital deaths
from anaphylactic shock with a known postural history, the patient had either moved to a more upright posture or
been supported sitting up, and in 4 of them death followed within seconds of the change. The proposed mechanism,
loss of venous return emptying the vena cava, parallels circum-rescue collapse [45].
A swimmer with suspected ColdA should thus be laid flat with the legs raised, and any abrupt change to a more
upright posture should be avoided [42,45]. An unconscious casualty who is breathing is placed in the recovery
position, and a casualty in respiratory distress may sit up with the legs elevated [42]. The casualty should be given
adrenaline without delay, shielded from wind and further cooling, and taken to hospital. Because protracted and
biphasic reactions can occur, EAACI suggests monitoring for 6-8 hours after respiratory compromise and for at
least 12-24 hours after hypotension [42]. If cardiac arrest occurs, resuscitation follows the current European
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Resuscitation Council guidelines for special circumstances, which cover drowning, hypothermia and anaphylaxis
[46]. In drowning, the arrest is primarily hypoxic, so effective ventilation comes first [46].

Long-term management consists of cold avoidance and regular second-generation H1-antihistamines (sgAH) [6,7],
which are still the only drugs licensed for ColdU [21]. If the standard dose does not control symptoms, the guideline
recommends increasing it up to fourfold, which is an off-label use [7]. Severe ColdU responds less well to
antihistamines and may warrant early higher dosing and closer follow-up [20]. A systematic review and meta-
analysis found higher doses of sgAH more effective than standard doses in raising cold provocation thresholds,
with no significant rise in adverse effects [47]. In randomised, placebo-controlled crossover trials, desloratadine
20 mg was superior to 5 mg in 30 patients without causing more drowsiness [48], which matters for athletes whose
safety in water depends on alertness. Rupatadine 20 mg and 40 mg also improved both thresholds compared with
placebo in 23 patients, although only 30% and 50%, respectively, were free of wheals on cold provocation [49].
Patients who do not respond to antihistamines may receive omalizumab off-label [6,21]. In a randomised placebo-
controlled trial in 31 such patients, omalizumab 150 mg or 300 mg every four weeks lowered the CTT, and 40—
44% had a complete response at week 10, compared with none on placebo; the effect was lost within 6 weeks of
the last injection [22]. In a meta-analysis, however, only 5.95% of patients had received omalizumab [9].
Dupilumab and remibrutinib, which the current guideline includes for chronic spontaneous urticaria [7], have not
been shown to be effective in ColdU. In a phase 3 trial in 82 adults, dupilumab did not differ from placebo on any
efficacy endpoint over 24 weeks [28], and rilonacept did not change the CTT [27]. Bruton's tyrosine kinase
inhibitors, anti-KIT antibodies and MRGPRX2 antagonists are under investigation [21]; in an open-label study, a
single intravenous dose of the anti-KIT antibody barzolvolimab led to a complete response in all ten treated patients
with ColdU [50].

Competitive athletes have to take anti-doping rules into account. Adrenaline (except local administration) and
systemic glucocorticoids are prohibited in competition but not out of competition, which covers most training
swims, whereas H1-antihistamines and omalizumab are not on the Prohibited List [12]. Life-saving treatment must
never be delayed for this reason. After emergency use of an autoinjector during a competition, the athlete can apply
for a retroactive therapeutic use exemption, which the International Standard allows when emergency treatment
was necessary (Article 4.1a) [51].

Drug treatment raises the threshold at which reactions occur, but since no drug has been shown to prevent
anaphylaxis during whole-body immersion, a patient whose disease is well controlled should still carry an

adrenaline autoinjector when swimming in cold water.

3.7. Practical recommendations

We found no studies of safety strategies in athletes or regular cold-water swimmers with ColdU, so the
recommendations are extrapolated from cohort studies of patients with ColdU, from anaphylaxis guidelines and
from the physiology of cold-water immersion. They are listed in Table 2 together with the type of evidence behind
each; the text below explains only the points that need further comment.

Anyone who has had wheals, itching, swelling, dizziness or collapse during or after a cold-water swim should be
referred to an allergist, even if a standard CST is negative [11,13]. Risk assessment and autoinjector prescription
should then follow the criteria proposed by the COLD-CE investigators (see section 3.6) [8,35]. The CTT can be
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compared with the temperature of the water in which the athlete trains and competes [29], bearing in mind that
one patient reacted even in a pool at about 32 °C [30].

Competition rules also need to be considered. In open-water events governed by World Aquatics, the minimum
water temperature is 16 °C [52]. Because 71% of patients in the CTT study had a threshold of 16 °C or higher and
almost half had one of 20 °C or higher [29], many athletes with ColdU would race in water below their own
threshold. Whether such an athlete competes should therefore be decided individually and not on the basis of the
official temperature limit alone.

Wetsuits are compulsory in World Aquatics events below 18 °C [52], and many recreational swimmers use them
as well. A wetsuit, neoprene cap, gloves and socks reduce the area of skin in contact with cold water, but their
effect has not been studied in ColdU. A wetsuit also leaves the face and often the hands and feet exposed and
should not be regarded as protection against anaphylaxis. In healthy volunteers, a partial-coverage (trunk and arms)
wetsuit gave little protection against the initial cardiac and ventilatory responses to immersion in 5 °C water,
whereas a drysuit protected significantly better [53].

Patients who have had ColdA or who show markers of severe disease should be advised against cold-water and
ice swimming and against open-water sports that carry a real risk of an unplanned fall into the water. Diving calls
for particular caution, because a reaction under water is especially dangerous and the skin lesions can be confused
with decompression sickness. In the case cited above, the diver was not cleared to dive even though she was
certified to use a drysuit [30].

Two adrenaline autoinjectors are useful only if they are within reach in the water, for instance with an
accompanying kayaker or boat or in a waterproof pouch on a tow float, and companions should know how to use
them [42,44]. The summary of product characteristics of a widely used autoinjector advises storage at no more
than 25 °C and states that it must not be refrigerated or frozen [54]. On cold days the devices should therefore be
kept close to the body or in an insulated pouch. Second-generation antihistamines can be taken regularly or as
short-term prophylaxis before a planned swim, a choice that the current guideline leaves to individual decision in
inducible urticaria [6,7,47].

General advice for cold-water swimmers applies to patients with ColdU in addition to the measures in Table 2. It
includes avoiding sudden entry, swimming under supervision and, after an unexpected fall into the water, floating
until the cold shock response subsides [3,33,55]. Safety staff at open-water events and winter swimming clubs
should be able to tell anaphylaxis from an ordinary cold shock response, have adrenaline available and know how

to lift a casualty out of the water safely [33,46,55].

Table 2. Practical recommendations for swimmers with cold urticaria and the type of evidence on which they are based

Recommendation Main sources Type of evidence

Refer anyone with symptoms during or after a cold-water | [11,13] Cohort studies
swim for allergological work-up; do not stop at a negative
standard CST

Prescribe an autoinjector after previous ColdA, or when there | [8,35] Criteria proposed on the

is cold-induced angioedema, oropharyngeal/laryngeal basis of a cross-
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Recommendation

Main sources

Type of evidence

symptoms or itchy earlobes; also consider systemic reactions
to Hymenoptera stings

sectional study

Compare the CTT with the temperature of the training and | [29,30,52] Cohort  data, case

competition water report, competition
rules; extrapolation

Advise against cold-water and ice swimming after ColdA or | [8] Expert opinion based

with markers of severe disease on cohort data

Never swim alone, stay close to the shore and inform | [18] Expert opinion; clinical

companions about the disease and anaphylaxis practice report

Keep two adrenaline autoinjectors within reach, train | [42,44,54] Guideline; Cross-

companions in their use and protect the devices from freezing sectional study; product
information

Take sgAH at a dose that controls symptoms, regularly or | [7,47] Guideline; small

before a planned swim randomised trials with
threshold outcomes
only;, no data on
prevention of
anaphylaxis

Consider a wetsuit and neoprene accessories, without | [53] Physiological study in

regarding them as protection against anaphylaxis healthy volunteers;
expert opinion

Avoid swimming on windy days and minimise time in wet | [15] Retrospective  cohort;

clothing expert opinion

Suspected anaphylaxis in water: horizontal extraction, lay the | [33,42,45] Guideline; physiology

casualty flat, give intramuscular adrenaline without delay, review; case series

protect from wind and transfer to hospital; observe the

swimmer during the swim and after exit

Competitive athletes: emergency use of adrenaline must not | [12,51] Regulation

be delayed; apply for a retroactive TUE

Source: own elaboration based on the cited studies.

Notes: CST, cold stimulation test; CTT, critical temperature threshold; ColdA, cold-induced anaphylaxis; sgAH, second-generation H1-

antihistamines; TUE, therapeutic use exemption.

Because ColdU is chronic (see section 3.1), decisions about sport should be revisited from time to time, for instance

before each season, with repeated CTT measurement and prospective ColdUAS monitoring [29,38]. In a
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qualitative interview study, 11 of 13 adults and adolescents reported that the disease affected sport and exercise
[10], and in one follow-up study 41% of patients restricted leisure and sporting activities such as swimming [18].
Counselling should aim at a shared decision that allows safe physical activity, in line with the guideline's call to
balance trigger avoidance against quality of life [7].

4. Discussion

In swimmers with ColdU, the hazards of the disease and those of cold-water immersion combine. Mast cell
activation over a large area of skin [6,23] coincides with cold shock, autonomic conflict, swim failure and circum-
rescue collapse [3,32,33], and the two may mask or aggravate each other.

Existing reviews of ColdU warn that swimming can trigger anaphylaxis [6,23], but they concentrate on diagnosis
and drug treatment. The literature on cold-water immersion, in turn, describes the physiological hazards in detail
[3,31,33] without mentioning mast cell disease, and general advice for cold-water swimmers does not address
ColdU [55]. Practical advice from clinicians, such as avoiding or limiting aquatic activities [20], never swimming
alone, staying close to the shore and carrying an autoinjector [18], has been followed poorly, with only one of nine
patients who were advised to carry an autoinjector actually doing so [18]. Education probably needs to be repeated
and practical. By bringing the two bodies of evidence together and stating the evidence behind each
recommendation (Table 2), this review tries to close the gap between the two fields, which matters most where
competition rules allow racing in water as cold as 16 °C [52].

Several points remain unresolved. Data on cryoproteins conflict [19,25], possibly because of differences in
laboratory methods, sample size and patient selection, and it is unclear why ColdA is less frequent in patients with
concomitant chronic spontaneous urticaria [8]. Because standard tests are often negative and the atypical forms
are heterogeneous [11,17], some patients at risk may never be diagnosed.

Evidence on treatment is limited to small trials with threshold outcomes [48,49] and to negative trials of dupilumab
and rilonacept [27,28], and no study has tested whether any drug prevents anaphylaxis during immersion.
Omalizumab is effective [22] but reaches few patients [9], and autoinjectors are underprescribed [44]. Meanwhile,
cold-water immersion continues to gain popularity despite weak evidence of health benefits [2,3,4]. Other
inducible urticarias raise similar questions in sport; in cholinergic urticaria, which is triggered by exercise and

sweating, research in physically active people is likewise still needed [56].

4.1. Limitations

Our review has several limitations. It is narrative rather than systematic, so the choice of papers may be biased,
and we did not formally assess study quality. Most data come from retrospective cohorts treated in referral centres,
which may overstate disease severity, and much of the evidence concerns children [13,14,15]. The studies define
anaphylaxis differently, which makes comparisons difficult. Some sources are research letters, case reports or
editorials [1,22,24,29,30,35,37,39,44,45,55], and their conclusions carry less weight. The search was limited to
one database (PubMed) and to publications in English, so relevant work indexed elsewhere, for instance in sport
science databases, may have been missed. Much of the evidence on ColdU comes from a single international

network of urticaria centres, which may limit the diversity of perspectives. Finally, no study has looked directly at
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athletes or regular cold-water swimmers with ColdU, so the recommendations in section 3.7 rest on extrapolation
and expert opinion.

Prospective work is needed in several areas: registries of reactions during cold-water sports, validation of the CTT
as a predictor of risk at a given water temperature, and trials testing whether drug prophylaxis or protective
equipment prevents systemic reactions during whole-body immersion. Training programmes for lifeguards, event

organisers and winter swimming groups have not been evaluated either.

5. Conclusions

Complete immersion in cold water is the most frequent trigger of anaphylaxis in cold urticaria, and in water its
early signs overlap with the physiological responses to immersion, which may delay recognition and lead to
drowning. A negative standard cold stimulation test does not exclude this risk. Although intramuscular adrenaline
is the first-line treatment, autoinjectors remain underprescribed, and drug treatment, which raises reaction
thresholds, has not been shown to prevent anaphylaxis during immersion. Open-water competition rules also
permit water temperatures below the critical temperature threshold of many patients. Swimmers with cold urticaria
therefore need individual risk assessment, and prospective studies in this group are needed to turn extrapolated

advice into evidence-based recommendations.
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