Journal Pre-proof

Prevalence, Management and Anaphylaxis Risk of Cold Urticaria: A Systematic
Review and Meta-Analysis

Connor Prosty, BSc, Sofianne Gabrielli, MSc, Michelle Le, MD, Luis F. Ensina, MD,
MSc, PhD, Xun Zhang, PhD, Elena Netchiporouk, MD, MSc, Moshe Ben-Shoshan,
MD, MSc

PII: S$2213-2198(21)01129-6
DOI: https://doi.org/10.1016/j.jaip.2021.10.012
Reference: JAIP 3893

To appearin:  The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 23 June 2021
Revised Date: 8 September 2021
Accepted Date: 3 October 2021

Please cite this article as: Prosty C, Gabrielli S, Le M, Ensina LF, Zhang X, Netchiporouk E, Ben-
Shoshan M, Prevalence, Management and Anaphylaxis Risk of Cold Urticaria: A Systematic Review
and Meta-Analysis, The Journal of Allergy and Clinical Immunology: In Practice (2021), doi: https://
doi.org/10.1016/j.jaip.2021.10.012.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology


https://doi.org/10.1016/j.jaip.2021.10.012
https://doi.org/10.1016/j.jaip.2021.10.012
https://doi.org/10.1016/j.jaip.2021.10.012

O©CoOoO~NOoO Ok, WN -

Prevalence, Management and Anaphylaxis Risk of Cold Urticaria: A Systematic Review
and Meta-Analysis

Connor Prosty, BSc?, Sofianne Gabrielli, MSc?, Michelle Le, MD?, Luis F. Ensina, MD, MSc,
PhD*, Xun Zhang, PhD®, Elena Netchiporouk, MD, MSc®, Moshe Ben-Shoshan, MD, MSc?

Faculty of Medicine, McGill University, Montreal, QC, Canada.

?Division of Allergy, Immunology and Dermatology, Montreal Children’s Hospital, Montreal,
QC, Canada.

3Division of Dermatology, McGill University, Montreal, QC, Canada.

“Department of Pediatrics, Federal University of S&o Paolo, Sdo Paolo, SP, Brazil.

SCentre for Outcome Research and Evaluation, Research Institute of McGill University Health
Centre, Montreal, QC, Canada.

Corresponding author:

Connor Prosty, B.Sc.

1001 Decarie Blvd, Montreal
Québec, H4A 3J1

Email: connor.prosty@mail.mcgill.ca
Phone: 514-934-1934 ext. 23151
Fax: 514-412-4390

Avrticle Type: Original Manuscript
Funding Sources: This article has no funding source.

Conflict of Interest: Luis F. Ensina is a consultant and speaker for Novartis, Takeda, Sanofi and
Abbvie and is involved in clinical trials with Novartis. Elena Netchiporouk is a consultant and
speaker for Novartis and has received an investigator-initiated research grant from Novartis.
Moshe Ben-Shoshan is a consultant for Novartis. The other authors declare no conflicts of interest.

Prior Presentation: An abstract of this article has been submitted for poster presentation at the
2021 Canadian Society of Allergy and Clinical Immunology (CSACI) conference.

Manuscript word count: 3025
Abstract word count: 232
References: 48
Figures/Tables: 5
Supplemental Tables: 2

Reprint request: Reprints not available from the authors.



46

47

48

49

50

51

52

53

54

55

56

57

58

Abbreviations and Acronyms

ClindU

Cu

Cl

CSuU

EAI

ucT

UCARE

CSTT

CTT

Chronic inducible urticaria

Chronic urticaria

Confidence interval

Chronic spontaneous urticaria

Epinephrine autoinjector

Urticaria control test

Urticaria Centers of Reference and Excellence
Cold-stimulation time test

Critical temperature threshold
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Highlights Box

What is already known about this topic?

Cold urticaria is a type of chronic inducible urticaria that causes significant morbidity and bears a

risk of life-threatening allergic reactions.

What does this article add to our knowledge?

This study aims to determine the prevalence of cold urticaria among cases of chronic urticaria and
chronic inducible urticaria, to assess the management of cold urticaria and to determine the

prevalence of associated anaphylaxis.

How does this study impact current management guidelines?

Allergists and dermatologists should be vigilant for cold urticaria in patients presenting with

chronic urticaria, especially because of the risk of anaphylaxis.

Keywords: Chronic inducible urticaria, chronic urticaria, physical urticaria, cold urticaria,
anaphylaxis, cold-induced urticaria, cold contact urticaria, urticaria
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Abstract

Background

Cold urticaria is a subtype of chronic inducible urticaria (CIndU) associated with significant
morbidity and a risk of anaphylaxis. Few studies have assessed the prevalence, management, and

prevalence of associated anaphylaxis of cold urticaria.

Obijectives

To evaluate the prevalence of cold urticaria among CindU and chronic urticaria (CU) cases, to

assess the management of cold urticaria and to determine the prevalence of associated anaphylaxis.
Methods

PubMed and EMBASE were searched for studies pertaining to cold urticaria and/or CindU
published in the last 10 years. Meta-analyses were conducted to evaluate: the prevalence of cold
urticaria among ClIndU and chronic urticaria (CU) cases, the management of cold urticaria with

H1-antihistamines and omalizumab and the prevalence of associated anaphylaxis.
Results

Twenty-two studies were included in the systematic review and 14 in the meta-analysis. The
pooled prevalence of cold urticaria among CU and CIndU cases were 7.62% (95%ClI: 3.45%,
15.99%; 12=98%) and 26.10% (95%CI: 14.17%, 43.05%; 1>= 97%), respectively. Cold urticaria
was managed by Hil-antihistamines in 95.67% (95%CI: 92.47%, 97.54%; 1>=38%) of patients and
omalizumab in 5.95% (95%CI: 2.55%, 13.27%; 1°=83%) of patients. The pooled prevalence of

anaphylaxis among cold urticaria cases was 21.49% (95%CI: 15.79%, 28.54%; 12°=69%).

Conclusion
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Cold urticaria constitutes an appreciable proportion of CIndU and CU cases and is predominantly
managed with H1-antihistamines, with a minority of patients receiving omalizumab. Anaphylaxis

is not rare, and epinephrine auto-injector (EAI) prescription may be considered.
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Introduction

Chronic urticaria (CU) is characterized by the presence of pruritic wheals (commonly
referred to as hives) and/or angioedema that persist for at least six weeks(1). CU occurring in the
absence of a specific trigger (such as cold/exercise/heat) is defined as chronic spontaneous urticaria
(CSU)(2, 3). Chronic inducible urticaria (CIndU) can co-exist with CSU and is defined as a
specific trigger eliciting the hives(4). CIndU is further subclassified into physical and non-physical

urticaria based on the type of trigger(5).

Cold urticaria is a type of physical urticaria triggered by skin exposure to cold air, liquids,
or objects(4). The pathogenesis of cold urticaria is not well established. It is postulated that cold
induces autoallergen formation, leading to IgE-mediated mast cell degranulation and subsequent
hives(6, 7). It is reported that cold urticaria has an annual incidence of 0.05%(8), and it may be
more prevalent in colder climates(9). The diagnosis of cold urticaria is often confirmed with an ice
cube test. This test consists of placing an ice cube in a plastic bag on a patient’s skin for 5 minutes
and observing whether wheal forms within 20 minutes(4). Recently, the TempTest has been
developed as a standardized diagnostic tool for cold urticaria, which also determines the threshold
temperature at which symptoms develop(4, 10). If both the ice cube test and TempTest are
negative, then further testing may be required to diagnose atypical cold urticaria. This testing
involves immersing the patient’s arm in a cold-water bath, but this should be done with caution as
it can elicit anaphylaxis(4, 7). Cold urticaria is treated by avoiding cold triggers, non-sedating
second-generation H1-antihistamines at regular and up to four-fold doses and, in recalcitrant cases,
omalizumab may be considered(1, 11-13). Notably, cold urticaria causes significant morbidity due

to the continuous vigilance required to avoid cold triggers and is the only CIndU reported to cause
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life-threatening reactions (i.e., anaphylaxis)(14). No studies have analyzed the impact of cold

urticaria on patients’ quality of life(7).

To our knowledge, no systematic reviews or meta-analyses have been conducted in the last
10 years assessing the prevalence, management, or resolution rate of cold urticaria or the
prevalence of associated anaphylaxis. To address these knowledge gaps, we conducted a

systematic review and meta-analysis.
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Methods

Search Strateqy

PubMed and EMBASE databases were searched for original, peer-reviewed articles in
English or French published between January 2011 and May 2021, inclusively (search last updated
May 21, 2021). Search terms included: “cold urticaria”, “cold contact urticaria”, “inducible
urticaria” or “cold induced urticaria” in the title/abstract. On EMBASE, conference abstracts were
excluded from the search. Relevant articles were selected by two independent reviewers (C.P. and
S.G.). In the case of disagreements on the inclusion of an article, a third independent reviewer
(M.B.S.) adjudicated. The inclusion criteria were observational studies of at least 10 patients
diagnosed with cold urticaria reporting on the clinical characteristics, prevalence, management, or
resolution of cold urticaria. Exclusion criteria consisted of studies with less than 10 patients
diagnosed with cold urticaria, literature/systematic reviews, and studies focused on familial cold
urticaria/autoinflammatory syndromes. In cases where multiple studies reported similar data on
overlapping patient populations, only the most recent study was included to avoid double counting
patients. All studies, with the exception of reviews, were read completely and articles in which
cold urticaria prevalence data could not be extracted were excluded. When data required for the

review were missing from the manuscript at least two attempts were made to contact the authors

in order to include the appropriate data in the results.

Definitions

Anaphylaxis for the purpose of this article was defined as a systemic reaction involving
two organ systems and/or hypotension associated with a cold trigger(15). Management with H1-
antihistamines or management with omalizumab were defined as the patient receiving and/or being

prescribed at any time point the treatment regardless of the frequency of dosing or indication.
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Quality Assessments

The quality of the included articles was assessed by two independent reviewers (C.P and
S.G.) via the Checklist for Prevalence Studies from the Joanna Briggs Institute(16). The criteria
evaluated included sample frame and size, recruitment method, sufficient description of study
setting and participants, adequate data coverage, validity of diagnostic method (defined as a
positive result to the ice cube test, TempTest or cold-water bath test), appropriate statistical

analysis, response rate and justification/absence of missing data (Table E1).

Data Extraction

The following data (if reported) were extracted from the included articles by two
independent reviewers (C.P. and S.G.): author(s’) name(s), year of publication, country, study
design, population studied, age at symptom onset, sex, diagnostic method, prevalence of cold
urticaria among CIndU and CU, triggers, management (i.e., use of H1l-antihistamines, use of
omalizumab), response to treatment, resolution rate and definition of resolution, prevalence of
anaphylaxis among cold urticaria cases and triggers of anaphylaxis (Table 1 and Table E2). To
avoid double counting patients, in cases where two articles reported statistics on overlapping
patient populations, only unique statistics and/or statistics on the larger patient population were

reported/included in the meta-analysis.

Meta-Analyses

Among the studies described in the systematic review, studies were included in the meta-
analyses if they met the following criteria: sample size >30, appropriate sample frame, and 6/9

criteria fulfilled in the quality assessment (Table E1). A sample size of at least 30 for inclusion in
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the meta-analysis was used because according to the central limit theorem it allows for the

assumption of normal distribution(17).

Statistical Analyses

Five meta-analyses with logit transformation were conducted using the random-effects
model (due to high heterogeneity) via the DerSimonian and Laird method to calculate the pooled
estimate of 1) the prevalence of cold urticaria among cases of CU; 2) the prevalence of cold
urticaria among cases of CIndU; 3) the use of H1-antihistamines in the treatment of cold urticaria;
4) the use of omalizumab in the treatment of cold urticaria; and 5) the prevalence of anaphylaxis
among cases of CU. Meta-analyses were performed with R software (2020, version 4.0.0), using
the meta(18) and metafor(19) packages. Pooled prevalences are presented with a 95% confidence
interval (CI), an 12 statistic to quantify heterogeneity, t2 to quantify inter-study variance and a chi
squared test (X?) to assess whether heterogeneity is due to chance alone (p<0.10 representing

significant heterogeneity beyond chance).
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Results

Search Results

The search returned a total of 481 articles, consisting of 241 and 240 articles from
EMBASE and PubMed, respectively (Figure 1). After duplicates were removed, 272 articles were
screened by title and abstract for relevance. Of these articles, 76 were excluded because they were
reviews, and the remaining 196 articles were read in full. Subsequently, 174 articles were excluded,
and the remaining 22 articles were included in the systematic review and underwent data extraction
(Table 1 and Table E2) and quality assessment (Table E1). A total of 14 studies met the criteria

for inclusion in the meta-analyses.

Quality Assessment

Quality assessment was performed by the Checklist for Prevalence Studies from the Joanna
Briggs Institute (Table E1)(16). The main quality concerns were inadequate sample size and
inadequately described study setting and subjects. One study (4.55%) was deemed low quality

because of inappropriate sample frame and less than 6/9 criteria filled on quality assessment (20).

Population Characteristics

The 22 articles (one cross-sectional, 11 retrospective and 10 prospective studies) included
in the systematic review comprised 19 articles reporting on unique patient populations, which
included a total of 1135 patients, and three articles reporting different statistics on overlapping
populations. Of these 19 articles, five (26.3%) articles studied only adults, whereas five (26.3%)
studied only children and the remaining nine (47.4%) studied both populations. Mean and median
age of symptom onset of cold urticaria were reported in six and two studies, respectively. Median

age of symptom onset was 8-8.5 years in pediatric studies(21, 22), 22-27 years in the studies
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including adults and children(23-25) and 33 years in an adult study(26). Mean age of symptom
onset was 32 years in a study of children and adults(14) and 34.8 years in an adult study(27). The
majority of studies reporting patients’ sex revealed a higher proportion of females than males with
cold urticaria (10 studies, 52.6-80% female)(14, 23-31). However, three out of four (75.0%)
pediatric studies reporting patients’ sex found approximately even proportions of females and
males (49.4-50% female)(21, 22, 32). Among the studies reporting their diagnostic methods
(n=16), the majority (93.8%) used the ice cube test, 50.0% used the TempTest and 18.8% used the
cold-water bath, while only one study, by Komarow et al., reported using additional diagnostic
methods(14, 21-30, 32-36). These methods included total body cold exposure at 4°C and
evaporative cooling(34). The remaining three studies reporting on unique patient populations did

not report on the diagnostic methods used(20, 31, 37).

Prevalence

The prevalence of cold urticaria among CU cases was reported by 12 studies. Among these,
ten (83.3%) articles noted the prevalence to be less than 10% (1.7-8.8%)(14, 27-29, 31, 35-39).
Two studies, one Canadian and one Spanish, documented a greater prevalence of 18.4% and
18.8%, respectively, among CU cases(32, 33). Thomsen et al. reported the prevalence of cold
urticaria among CU cases refractory to four-fold doses of antihistamines and persisting for at least

two months as 18.4%(20).

Cold urticaria prevalence among CIndU cases was recorded by 13 studies. Among these,
nine (69.2%) reported a prevalence of less than 25%, ranging from 7.8-23.3%(28, 29, 31, 35-40).
Notably, four (30.8%) articles noted a higher prevalence ranging from 35.1-62.5%(27, 32-34).
Moreover, among cases of CIndU refractory to four-fold doses of antihistamines and persisting for

at least two months, the prevalence of cold urticaria was 47.5%(20).
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Triggers

Six studies reported the specific triggers eliciting cold urticaria symptoms. Among these,
four studies reported that cold water was the most common trigger in 62.9-92.0% of patients(14,
21, 23, 24, 26). Two studies reported cold air/weather as the most common trigger (58.1-82.2% of
patients)(14, 21, 23, 24, 26, 28). Cold objects/surfaces and ingestion of cold food/beverages
triggered hives in 37.8-73.3% and 6.8-20.0% of patients, respectively(14, 21, 23, 24, 26, 28).
Moreover, Bizjak et al. reported that 44.4% of patients were triggered by localized contact with

cold liquids (i.e., washing hands)(26). No studies specified the temperatures of cold triggers.

Management

A total of 12 studies reported the management strategies of cold urticaria. H1-
antihistamines were the most common medications used for management of cold urticaria, used in
89.7-100% of patients at up to four-fold doses (10 studies)(14, 21, 23-25, 27, 30-32, 35). Nine
studies reported cold urticaria management with omalizumab in 0-22.0% of patients(14, 21, 23,
25, 27, 30-33, 41). Cyclosporine use was recorded by four studies in 2.0-4.1% of patients(14, 23,
27, 31). H2-antihistamine use was reported in three studies in 1.7-15.2% of patients(21, 24, 30,
31). Oral corticosteroid use was documented in two pediatric studies in 0.24%(21) and 2.5%(32)
of patients, one adult study in 14.8%(27) and one pediatric and adult study in 36.4%(31) of
patients. Less commonly reported medications used to manage cold urticaria were doxepin (one
study, 0.24%), antileukotrienes (two studies, 3.6-12.1%) and sodium cromoglycate (one study,

2.0%)(21, 30, 32).

Response to Treatment
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Cold urticaria response to treatment was documented by three studies. Miles et al. reported
symptom control (urticaria control test (UCT) >12) by H1-antihistamines alone in 66.7% of
patients (n=24)(32). However, no patients managed with omalizumab or corticosteroids exhibited
symptom control(32). Using the same definition of symptom control, another study recorded
100.0% and 76.0% of patients were controlled with omalizumab (n=7) and H1-antihistamines
(n=38), respectively(23). Deza et al. documented symptom control (improvement of symptoms
until the patient reports that they do not interfere with daily life) in 100% of patients managed with
omalizumab (n=3) and 84.9% of patients taking H1-antihistamines (n=62)(14). Of the patients
controlled by H1-antihistamines, 33.9% (n=21) were taking the recommended dose, 50% (n=31)
required updosing to two-fold the recommended dose and 16.1% (n=10) required a greater than

two-fold dose(14).

Resolution Rate

The resolution rate of cold urticaria was reported in five of the studies. Five- and 10-year
resolution rates in an adult study were 13.8% and 42.6%, respectively(27). Two studies on
pediatric and adult patients documented five- and 10-year resolution rates ranging from 17.9-
26.6% and 24.5-44.5%, respectively(14, 24). One study in adults reported a four-year resolution

rate of 50%(36) and a pediatric study reported a six-year resolution rate of 58.1%(32).

Anaphylaxis

Data on anaphylaxis was reported in 11 studies. The prevalence of anaphylaxis among cold
urticaria cases varied considerably, ranging from 0-34.3%(14, 21, 23-28, 30, 31, 36). Notably, no
fatalities were recorded in any of the studies. No studies elaborated on the treatment or the recovery

time of the anaphylactic episodes. Three studies documented swimming as the most common
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trigger of anaphylaxis (77.6-100%)(21, 24, 28). In addition to swimming, Yee et al. reported that
8% of anaphylaxis cases were triggered by cold air, 6.3% by contact with cold water (i.e., splashed
with cold water), 6.3% by ingestion of cold food/beverage and 1.8% by receipt of intravenous
fluids(21). Another study reported exposure to cold water as a trigger in 92.9% of anaphylaxis
cases(14). Kulthanan et al. documented only one case of anaphylaxis, which was triggered by
washing clothes in cold water(27). No studies specified the temperatures of cold triggers of

anaphylaxis.



333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

16

Meta-Analyses

Among the 22 articles on cold urticaria included in the systematic review, eight were
excluded as their sample size was less than 30 or the sample frame of participants described was

not appropriate.
Prevalence

Meta-analyses for the prevalence of cold urticaria among CU and CIndU cases were
conducted. Five articles provided data on prevalence of cold urticaria among CU cases. The pooled
estimate was found to be 7.62% (95%CI: 3.45%, 15.99%; 12=98%; Figure 2A). Data on the
prevalence of cold urticaria among CIndU cases was provided in six articles. The pooled estimate

was 26.10% (95%Cl: 14.17%, 43.05%; 1>=97%; Figure 2B).

Management

Meta-analyses for the percent of patients with cold urticaria managed with H1-
antihistamines and omalizumab were conducted. Nine articles provided data on percentage of H1-
antihistamine use among cold urticaria cases. The pooled estimate was found to be 95.67%
(95%Cl: 92.47%, 97.54%; 1°=38%; Figure 3A). Data on omalizumab use in the management of
cold urticaria cases was provided in nine articles. The pooled estimate was 5.95% (95%CI: 2.55%,

13.72%; 1=83%); Figure 3B).

Anaphylaxis

Eight articles reported data on anaphylaxis in cold urticaria cases. The pooled estimate was

21.49% (95%Cl: 15.79%, 28.54%; 1>=69%; Figure 4).
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Discussion

Our study is the first to assess through a systematic review and/or meta-analysis the
prevalence, triggers, management, resolution rate and risk of anaphylaxis of cold urticaria. We
assessed the pooled prevalence of cold urticaria among CU and CIndU cases, determined to be
approximately 8% and 26%, respectively. Fricke et al. assessed the worldwide point prevalence of
CU by meta-analysis to be 0.7% (95%Cl: 0.2, 1.4; 1>=100%)(42), using this estimate and the
prevalence of cold urticaria among CU we determined, we expect the point prevalence of cold
urticaria to be 0.056% (95%CI: 0.016, 0.112). Therefore, cold urticaria is present in approximately
six per 10 000 people worldwide at any given time point. Cold urticaria also makes up a significant
portion of CU and CIndU cases and physicians should be vigilant to diagnose cold urticaria in
patients presenting with urticaria, especially because of the risk of anaphylaxis. These results
should be interpreted with caution, however, because of the heterogeneity between studies
(reflected by the 1 values of 97-98%). Cold urticaria prevalence is reported to be inversely
associated with average temperatures in January(9), which may explain some of the heterogeneity
between studies. Indeed, cold urticaria was most prevalent among CIndU cases and second most
prevalent among CU cases in the Miles et al. studies located in Montreal, Canada, which has the
coldest climate among all the study locations included in the meta-analyses(32). However, the
Polish study by Jankowska-Konsur et al. reported a lower prevalence of cold urticaria among CU
and CIndU cases than studies conducted in Spain and Italy, despite having a colder climate(14, 31,
35). Large scale multi-centre studies are required to assess whether a definitive association exists

between average temperature and prevalence of cold urticaria.

We determined that the vast majority of cold urticaria cases were managed by H1-

antihistamines. It is not elaborated in the articles why certain patients were not managed with H1-
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antihistamines or how they were managed; however, it is possible that their cold urticaria was
managed by cold avoidance alone. We found that 66.7-84.9% of patients managed with H1-
antihistamines exhibited a well controlled UCT score or improved symptoms. Several H1-
antihistamines have undergone clinical trials for the treatment of cold urticaria. Desloratadine
significantly increased mean cold-stimulation time test (CSTT) and significantly decreased critical
temperature thresholds (CTT) compared to placebo at 5mg and 20mg doses(43). Additionally, less
patients developed wheals in response to cold stimulation while on 5mg and 20mg of desloratadine
compared to controls(43). CTTs are significantly decreased in patients receiving 20mg of
desloratadine compared to 5mg(44). Similarly, bilastine and rupatadine have shown a protective
effect on CTT. Bilastine at 20mg and 80mg significantly reduced CTTs, with higher doses being
more effective(45). At an 80mg dose of bilastine response rate was 95% and 60% of participants
were symptom free(45). Rupatadine at 20mg and 40mg doses significantly reduced CTTs and
increase CSTT compared to placebo (46, 47) and 52% of patients demonstrated a complete lack
of symptoms in response to cold provocation(47). The lack of UCT use in the conducted clinical

trials on the treatment of cold urticaria hinders comparison with our real-world data.

Current EAACI/GA2LEN/EDF/WAO recommendations suggest that treatment options for
patients with cold urticaria recalcitrant to four-fold doses of second-generation antihistamines
include omalizumab, antibiotics or cold desensitization, although the latter two are based only on
observational data from case reports or small case series(4). Presented data shows that
approximately 6% of patients with cold urticaria were treated with omalizumab. However, it is
unclear whether the patients included in the meta-analysis were receiving omalizumab for cold
urticaria or for another indication (i.e., co-existing CSU). Although cold urticaria is an off-label

use of omalizumab, several case reports and prospective studies have documented its efficacy in
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managing cold urticaria(48-51). Additionally, one clinical trial has demonstrated that omalizumab
significantly decreases critical temperature thresholds compared to placebo in patients with cold
urticaria refractory to antihistamines(52). In contrast, our real-world data reveals that omalizumab
management resulted in well controlled UCT scores/improved symptoms in 100% of patients in
two studies(14, 23), whereas 0% of patients in another study exhibited well controlled UCT scores

on omalizumab(32).

Our systematic review reveals that the resolution rate of cold urticaria is low. This is
similar to the low resolution rate reported in CSU, which is reported to be 10.3% per year in

children(53) and 30-70% in 5 years in adults(54).

Among studies eligible for meta-analysis, we established that anaphylaxis occurred in over
one fifth of patients with cold urticaria. Although most cases of cold urticaria are correctly
managed with antihistamines(4), patients should be educated on avoiding high risk activities, like
diving in cold water. Physicians managing patients with cold urticaria should consider prescribing
an epinephrine auto-injector (EAI) given the anaphylaxis risk. However, there is controversy
whether an EAI should be prescribed for all cases with cold urticaria. Indeed, Yee et al. reported
EAI prescription in 89.2% of patients with cold urticaria(21), in contrast to 32% as reported by
Stepaniuk et al.(30). Large scale studies assessing factors associated with higher anaphylaxis risk
among patients with cold urticaria would contribute to the development of guidelines on the

prescription of EAI in these cases.

Our study has some potential limitations. Few studies pertaining to cold urticaria have been
published in the last 10 years, resulting in only 14 articles being included in our meta-analysis and,
subsequently, large confidence intervals. Study quality was generally adequate; however, some

had inadequate sample size and insufficiently described study participants and setting. There is
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inconsistency in the diagnosis and definition of cold urticaria amongst studies. As a result,
diagnostic method validity in the quality assessment was defined as a positive ice cube test,
TempTest or cold-water bath test. However, misclassification bias may persist as three studies
were included in the systematic review that did not report on the diagnostic methods, one of which
was included in the meta-analyses. Variability in the diagnostic methods may also contribute to
the high levels of heterogeneity seen in the meta-analysis of cold urticaria prevalence among CU
and CIndU. The definition of cold urticaria resolution was inconsistent between studies, ranging
from at least one winter season to at least 12 months without symptoms. Similarly, definitions of
anaphylaxis varied between studies. Consequently, the ranges of resolution rates and pooled
prevalence of anaphylaxis reported must be interpreted with caution and we recommend the
development of a unifying definition of cold urticaria resolution and anaphylaxis. The prevalence
of anaphylaxis among cases of cold urticaria may be overestimated because studies included in the
meta-analysis were largely conducted at tertiary care centers which likely see more severe cases
of cold urticaria. Finally, because there were insufficient data to perform subgroup analyses, our
meta-analysis combines both pediatric and adult cold urticaria data, although, it is reported that
certain types of urticaria differ in their management and presentation in children versus adults(55,
56). Hence, composite measurements may misrepresent both populations if pediatric and adult

cold urticaria are distinct manifestations of the same disease.



445

446

447

448

449

450

451

452

453

454

455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477

<1

Conclusions

Taken together, cold urticaria is not rare among CU and CIndU cases and frequently
triggers anaphylaxis. H1-antihistamines are the predominant management strategy, followed by
omalizumab. Physicians should be attentive for a history and symptoms consistent with cold
urticaria in patients presenting with urticaria to educate patients on anaphylaxis avoidance and
management. Further, future comprehensive multi-center studies on cold urticaria are required,
potentially through the GA2LEN Urticaria Centers of Reference and Excellence (UCARE)

network.
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Figure Legends:
Figure 1. Flow diagram of search results based on PRISMA guidelines(57) for conducting a

systematic search and evaluation for article inclusion.

Figure 2. Meta-analyses for pooled estimates for prevalence of cold urticaria among CU cases (n
=5, A) and prevalence of cold urticaria among CIndU cases (n = 6, B).

Figure 3. Meta-analyses for pooled estimates of use of H1-antihistmaines in the treatment of cold
urticaria (n = 9, A) and use of omalizumab in the treatment of cold urticaria (n =9, B).

Figure 4. Meta-analysis for the pooled estimate of cases of anaphylaxis among cold urticaria cases
(n=38).
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658
659
660 Table 1. Data Extraction Cold Urticaria Management, Prevalence and Anaphylaxis
Cold
C.OId. Urticaria
Resolution Rate Urticaria Cases . Anaphylaxis
Management No. Response to L Cases Anaphylaxis .
Author %) Management No. (%) (Study Definition among CU among No. (%) Triggers No.
: of Resolution) Cases ClindU ‘ (%)
Cases
No. (%) No. (%)
Azkur et NR NR NR 15/222 15/89 1/15 (6.7) Swimming: 1/1
al.(28) (6.8) (16.9) (100)
Bal et NR NR NR NR 20/117 NR NR
al.(22) (17.1)
Bizjak et NR NR NR NR NR 12/36 (33.3) NR
al.(26)
Bizjak et Omalizumab: 6/35 OPP OPP OPP OPP OPP OPP
al.(41) (17.1)
Caldeira et OPP OPP OPP 19/429 19/82 OPP OPP
al.(38) (4.4) (23.2)
Colgecenet NR NR NR 15/369 15/144 NR NR
al.(29) (4.1) (10.4)
Curto- OPP OPP OPP OPP 70/359 OPP OPP
Barredo et (19.5)
al.(39)
Deza et Hl-antihistamines:  Controlled on H1- 26.6%in5years 74/1030 NR 14/74 (18.9) Cold water:
al.(14) 73/74 (98.6) antihistamines:  62/73 44.5%in10years (7.2) 13/14 (92.9)
Cyclosporine: 3/74 (84.9) (1x dose: 21/62 (>1 winter season
(4.1) (33.9), 2x dose: 31/62, with no
Omalizumab: 3/74 (50), >2x dose: 10/62 symptoms
(4.1) (16.1)) without
Clinical improvement medication)
on cyclosporine: 1/3
(33.3)
Controlled on
omalizumab: 3/3 (100)
(Controlled defined as
improvement of signs
and symptoms until
patient does not report
any interference of cold
urticaria symptoms with
daily life)
Deza et Omalizumab: 9/54 NR NR 54/287 54/152 NR NR
al.(33) (16.7) (18.8) (35.5)
Other  treatments
NR
Deza et Hl-antihistamines:  Controlled on H1- NR NR NR 12/50 (24) NR
al.(23) 50/50 (100) antihistamines: ~ 38/50
Omalizumab: 11/50 (76)
(22) Controlled on

Cyclosporine: 1/50
)

omalizumab: 7/7 (100)
(Controlled defined as
UCT>12)




YAl

Jain et HZl-antihistamines: NR 17.9% £ 6.2% in  NR NR 28/99 (28.3) Swimming:
al.(24) 35/39 (89.7) 5 years 28/28 (100)
H2-antihistamines: 24.5% + 7.2% in
3/39 (7.7) 10 years
Lifestyle (N=41,
modification: 16/39 Definition of
(41) resolution NR)
Jankowska- HZ1-antihistamines: NR NR 33/1091 33/424 2/33 (6.1) NR
Konsur et 31/33(93.9) (3.0) (7.8)
al.(31) Oral corticosteroids:
12/33 (36.4)
H2-antihistamines:
5/33 (15.2)
Antileukotriene:
4/33 (12.1)
Cyclosporine: 1/33
(3.0)
Omalizumab: 0/33
Q)
Komarow  NR NR NR NR 33/76 NR NR
et al.(34) (43.4)
Kulthanan ~ Second generation NR 13.8% in5years  27/1063 27177 1/27 (3.7) Washing
etal.(27) H1-antihistamines: 42.6%in 10 years (2.5) (35.1) clothes in cool
26/27 (96.3) (>6 months not water: 1/1 (100)
First generation H1- receiving any
antihistamines: 4/27 treatment without
(14.8) symptoms  and
Oral corticosteroids: with a negative
4/27 (14.8) provocation test)
Omalizumab: 2/27
(7.4)
Cyclosporine: 1/27
(3.7)
Miles et H1l-antihistamines:  Controlled on H1- 58.1% in 6 years 40/217 40/64 NR NR
al.(32) 39/40 (98) antihistamines:  24/36 (N=31; 1 vyear (18.4) (62.5)
Omalizumab: 3/40, (66.7) with no
(7.5) Controlled on symptoms)
Oral corticosteroids: omalizumab and H1-
1/40 (2.5) antihistamines: 0/3 (0)
Controlled on
corticosteroids: 0/1 (0)
(Controlled defined as
UCT=12)
Napolitano  H1-antihistamines:  NR NR 58/1970 58/451 NR NR
et al.(35) 58/58 (100) (2.9) (12.9)
Other  treatments
NR
Park et NR NR NR 15/253 15/174 NR NR
al.(37) (5.9) (8.6)
Paulino et H1-antihistamines: NR NR NR NR 17/52 (32.7) NR
al.(25) 52/52 (100)
Omalizumab: 1/52
(1.9)
Silpa-archa NR NR 50% in 40 20/1200 20/86 0/20 (0) NR
et al.(36) months (1.7) (23.3)




28

6 months
without

symptoms  and
negative to

provocation tests
after  stopping

medication)
Stepaniuk  Second generation NR NR NR 2/50 (4) NR
et al.(30) H1-antihistamines:
45/50 (90)
H2 antihistamine:
3/50 (6)
Omalizumab: 1/50
)
Sodium
cromoglycate:1/50
(2
Thomsenet NR NR 29/158 29/61 NR NR
al.(20) (18.4) (47.5)
Yee et Hl-antihistamines: NR NR NR 771415 Swimming:
al.(21) 400/415 (96.4) (18.6) 87/112 (77.6)
Antileukotriene: Cold air: 9/112
15/415 (3.6) (8.0
H2-antihistamine: Contact  with
7/415 (1.7) cold water:
Omalizumab: 5/415 7/112 (6.3)
(1.2) Cold
Oral corticosteroids: food/beverage:
1/415 (0.24) 7/112 (6.3)
Doxepin:1/415, Receiving
(0.24) intravenous
fluids:  2/112,
(1.8)?
661  NR=Not reported
662 OPP= Overlapping patient population, statistics on this population are reported under another study (with an
663  equivalent or larger population)
664  'Only patients diagnosed with CU for a duration of greater than 2 months and is refractory to one to four-fold doses
665  of Hl-antihistamines
666  2Trigger was recorded for each individual episode of anaphylaxis
667
668
669

670




Screening Identification

Eligibility

Included

Records identified through database Additional records identified
searching through other sources
(n=481) (n=0)
4 4

Records after duplicates removed
(n=272)

y
Records screened /

Records excluded
(n=176)
Reviews (n=76)

(m=272)

v

Full-text articles assessed /

for eligibility
(n=196)

Full-text articles excluded,
with reasons
(n=174)
<10 patients with cold urticaria (n=84)
Not pertinent (n=51)
Familial cold urticaria (n=20)
No prevalence data (n=18)
Overlapping study population (n=1)

A

Studies included in
qualitative synthesis
(n=22)

A4

Studies included in quantitative synthesis
(meta-analysis)
(n=14)
Cold urticaria cases among CU cases (n=5)
Cold urticaria cases among CIndU cases (n=5)
Cold urticaria cases managed by H1-antihistamines (n=8)
Cold urticaria cases managed by omalizumab (n=8)
Anaphylaxis in cold urticaria cases (n=7)




Study Country Cases Total Prevalence (%) 95% C.I.

Deza et al. (14) Spain 74 1030
Deza et al. (33) Spain 54 287
Jankowska-Konsur et al. (31) Poland 33 1091
Miles et al. (32) Canada 40 217
Napolitano et al. (35) Italy 58 1970

Random effects model
Heterogeneity: /2 = 98%, 1 = 0.8878, 2 = 166.01 (p < 0.01)

7.18 [5.76; 8.93]
18.82 [14.70; 23.76] 2
3.02 [2.16; 4.22] [ ]
18.43 [13.82; 24.16] X 3
2.94 [2.28; 3.79]
7.62 [3.45;15.99]I -

I I I [ I I |

-40-20 0 20 40 60 80 100
Cold urticaria cases among chronic urticaria



Study Country Cases Total Prevalence (%)

Curto-Barredo et al. (39) Spain 70
Deza et al. (33) Spain 54
Jankowska—Konsur et al. (31) Poland 33
Komarow et al. (34) United States 33
Miles et al. (32) Canada 40
Napolitano et al. (35) Italy 58

Random effects model
Heterogeneity: /2 = 97%, t° = 0.8680, xé =148.04 (p < 0.01)

359
152
424
76
64
451

19.50
35.53

7.78
43.42
62.50
12.86

26.10

95% C.l.

[15.72; 23.92] L B

[28.33; 43.44] -
[5.59; 10.75] [ T

[32.78; 54.71] B
[50.12; 73.44] ——
[10.07; 16.28] L

[14.17; 43.05] —
[ I I I I I I ]
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Study Cases Total Prevalence (%) 95% C.1.

Deza et al. (14) 73 74
Deza et al. (23) 50 50
Jain et al. (24) 35 39
Jankowska-Konsur et al. (31) 31 38
Miles et al. (32) 39 40
Napolitano et al. (35) 58 58
Paulino et al. (25) 52 52
Stepaniuk et al. (30) 45 50
Yee et al. (21) 400 415

Random effects model

Heterogeneity: /° = 38%, 1° = 0.2558, x5 = 12.85 (p = 0.12)

98.65 [91.03; 99.81] =
100.00 [86.17; 99.94] —
89.74 [75.67; 96.10] —=
93.94 [78.77;98.48] —a
97.50 [84.27;99.65] —=
100.00 [87.85; 99.95] —
100.00 [86.63; 99.94] —=
90.00 [78.13;95.78] —=
96.39 [94.09; 97.81] ]
95.67 [92.47; 97.54] <
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Study

Bizjak et al. (41)
Deza et al. (14)

Deza et al. (33)

Deza et al. (23)
Jankowska-Konsur et al. (31)
Miles et al. (32)

Paulino et al. (25)

Stepaniuk et al. (30)

Yee et al. (21)

Random effects model

Heterogeneity: /2 = 83%, 12 = 1.3577, xg =46.45 (p < 0.01)

35
74
54
50
33
40
52
50

Cases Total Prevalence (%)

17.14

4.05

16.67
22.00

0.00
7.50
1.92
2.00
1.20

5.95

[7.91; 33.26]
[1.31;11.83]
[8.91; 29.03]
[12.62; 35.51]
[0.09; 19.59)]
[ 2.44; 20.82]
[0.27; 12.43]
[0.28; 12.88]

[0.50; 2.86]

[ 2.55; 13.27]
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Study Cases Total Prevalence (%)

Bizjak et al. (26) 12 36
Deza et al. (14) 14 74
Deza et al. (23) 12 50
Jain et al. (24) 28 99
Jankowska-Konsur et al. (31) 2 33
Paulino et al. (25) 17 52
Stepaniuk et al. (30) 2 50
Yee et al. (21) 77 415

Random effects model

Heterogeneity: /> = 69%, ° = 0.1761, x5 = 22.66 (p < 0.01)

33.33
18.92
24.00
28.28

6.06
32.69

4.00
18.55

21.49

95% C.1.

[20.00; 50.00] -
[11.54; 29.45] -
[14.16; 37.67] —-—
[20.30; 37.92] -

[ 1.52; 21.23] -
[21.39; 46.44] -
[ 1.00; 14.63] —
[15.10; 22.59] -
[15.79; 28.54] .
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