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Efficacy of Epinephrine Nasal Spray in the 
Treatment of Urticaria

David I. Bernstein, MDa,b, Neetu Talreja, MDc, Thomas B. Casale, MDd, H. Henry Li, MD, PhDe, Michael A. Kaliner, MDe, 
Richard Lowenthal, MSf, and Sarina Tanimoto, MD, PhDf Cincinnati, Ohio; Boise, Idaho; Tampa, Fla; Wheaton, Md; and San 

Diego, Calif

What is already known about this topic? Epinephrine has been used for the treatment of acute urticaria since 1939. Its 
use has declined since the introduction of oral or injectable antihistamines. 

What does this article add to our knowledge? ARS-2 (epinephrine nasal spray) was able to relieve symptoms of 
urticaria exacerbations in patients with chronic spontaneous urticaria with minor adverse events. This demonstrates that 
on-demand nasal epinephrine has the potential to manage acute urticarial symptoms safely. 

How does this study impact current management guidelines? ARS-2 (epinephrine nasal spray) may provide a safe, 
rapid, and effective option for current standard of care for the treatment of acute exacerbations of chronic spontaneous 
urticaria. 

BACKGROUND: Although current treatment options for acute 
exacerbations of antihistamine refractory chronic spontaneous 
urticaria (CSU) are generally considered safe and effective, 
patients have breakthrough symptoms necessitating treatment. 
Epinephrine injections were once used for the treatment for 
acute urticaria or acute exacerbations of chronic urticaria or 
angioedema, but their use has declined. The development of an 
intranasal epinephrine spray (ARS-2) offers a needle-free alter
native for the treatment of CSU exacerbations.
OBJECTIVE: To assess the efficacy and safety of ARS-2 for the 
treatment of exacerbations of CSU.
METHODS: This was a phase 2, single-dose, randomized, 
placebo-controlled crossover efficacy study in which adult 

patients (n � 21) experiencing an acute flare or exacerbation of 
urticaria symptoms were treated with ARS-2 (1 or 2 mg) or 
placebo. Urticaria symptoms and severity were assessed based 
on both patient-reported and investigator-rated assessments.
RESULTS: Relative to placebo, both 1- and 2-mg doses of 
ARS-2 resulted in lower patient-reported hive and pruritus 
scores (P < .05) and a lower investigator-reported extent of 
urticaria and erythema scores (P < .05). Additionally, a greater 
percentage of patients receiving ARS-2 were considered by in
vestigators to have been effectively treated. Patient-reported 
satisfaction scores were also significantly higher for both doses 
of ARS-2 relative to placebo. Only minor adverse events were 
reported.
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Abbreviations used
BSA- Body surface area
CSU- Chronic spontaneous urticaria
UAS- Urticaria Activity Score
VAS- Visual analog scale

CONCLUSION: ARS-2 may offer a safe and effective treatment 
option for urticaria exacerbations. � 2026 The Authors. 
Published by Elsevier Inc. on behalf of the American Academy 
of Allergy, Asthma & Immunology. This is an open access 
article under the CC BY-NC-ND license (http:// 
creativecommons.org/licenses/by-nc-nd/4.0/). (J Allergy Clin 
Immunol Pract 2026;■:■-■)
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INTRODUCTION
Chronic spontaneous urticaria (CSU) is characterized by the 

occurrence of urticaria for 6 weeks or longer without identifiable 
specific triggers.1,2 The global prevalence of CSU ranges from 
0.02% to 2.7%3 with considerable humanistic, societal, and 
economic burden.2 Chronic spontaneous urticaria results from 
the activation of mast cells and the subsequent release of me
diators. The mediators can be preformed (ie, histamine, tryp
tase, and cytokines) or de novo synthetized (leukotrienes, 
prostaglandin D2, and platelet-activating factor) and are 
responsible for a range of responses including vasodilation, 
increased vascular permeability, and stimulation of sensory nerve 
endings.1,4

The current algorithm for treating CSU recommends the use 
of a second-generation H1-antihistamine as first-line treatment. 
If symptoms are not adequately controlled, the long-term 
addition of omalizumab, dupilumab, or remibrutinib should 
be considered, followed by the addition of cyclosporine as third- 
line treatment.1 Additionally, although acute exacerbations of 
CSU can be treated with a short course of oral glucocorticoids,5

long-term or frequent acute use of systemic glucocorticoids is 
associated with a high rate of side effects.

The use of epinephrine for the treatment of acute urticaria 
dates back to epinephrine’s initial approval in 1939. However, 
its use declined after the introduction of oral or injectable an
tihistamines (ie, diphenhydramine). ARS-2 (epinephrine nasal 
spray, ARS Pharmaceuticals Operations, Inc, San Diego, Calif) 
is a needle-free nasal epinephrine delivery system being devel
oped to treat acute exacerbations of CSU without the risks 
associated with injection products. We conducted the current 
study to assess the efficacy and safety of ARS-2 for the treatment 
of exacerbations of CSU.

METHODS
Study design and participants

RELIEF-CSU1 was a phase 2, single-dose, randomized, open- 
label, placebo-controlled crossover efficacy study to assess the effi
cacy of ARS-2 for the treatment of acute exacerbations of chronic 
urticaria. We enrolled patients aged 18 to 65 years who had either 
acute urticaria with known etiology or acute exacerbations of CSU 
with unknown etiology at least two times a week while receiving 

chronic daily antihistamine treatment. An acute exacerbation was 
defined as patient-rated pruritus and hive severity score of 2 or 
greater by Urticaria Activity Score (UAS) twice daily.6 Key exclu
sion criteria included use of β-blockers, prior nasal fractures, injuries 
or disorder, or abnormal cardiovascular examination including any 
prior history of myocardial infarction or clinically significant 
abnormal electrocardiogram (eg, second- or third-degree heart 
block, uncontrolled arrhythmia, QT interval corrected using Fri
dericia’s formula greater than 450 ms for male subjects and greater 
than 470 ms for female subjects).

After we received written informed consent and screening, we 
instructed patients to return to the investigational sites if and 
when they experienced an acute flare or exacerbation of urticaria 
symptoms. Patients were also instructed not to take any other 
acute medications before returning to the site. The severity 
prompting return to the sites was not prespecified in the protocol. 
However, urticaria symptoms and severity were assessed based on 
both patient-reported and investigator-rated assessments. Each 
patient received a single treatment of ARS-2 1 mg, ARS-2 2 mg, or 
placebo nasal spray in a crossover manner. The study drugs were 
supplied with a label containing the treatment information. The 
study was conducted in accordance with international guidelines, 
including the Declaration of Helsinki and the International 
Conference on Harmonization guidelines for Good Clinical 
Practice. The protocol and informed consent forms were approved 
by institutional review boards at each site. This study was regis
tered with ClinicalTrials.gov (NCT05496465). The investiga
tional product (ARS-2) was referred to as ARS-1 in the EPI U01 
Protocol. When referring to its use for the treatment of urticaria, 
the code name has been updated to ARS-2.

Outcomes
We evaluated the efficacy assessments based on patient-reported 

and investigator-rated assessments before the dose, at 5, 10, 15, 30, 
45, 60, and 120 minutes, and every 60 minutes after dosing until 
the symptoms resolved or returned to baseline for CSU. Patient- 
reported assessments included a patient-reported itch and hive 
severity score from 0 (none) to 3 (severe) using the UAS twice daily 
and a patient-reported pain score based on a self-reported visual 
analog scale (VAS). Investigator-rated assessments included the 
extent of urticaria defined as the percentage of body area with ur
ticaria (grade 1 = urticarial lesions covering <10% the body surface 
area [BSA]; grade 2 = urticarial lesions covering 10% to 30% BSA; 
and grade 3 = urticarial lesions covering >30% BSA) and the er
ythema score (0 = none; 1 = almost clear [slight redness]; 2 = mild 
erythema [definite redness]; 3 = moderate erythema [marked 
redness]; and 4 = severe erythema [fiery redness]). Additional 
exploratory assessments included the investigator’s assessment as 
being effectively treated and a patient satisfaction VAS score. Safety 
analysis was based on adverse events and vital signs.

Statistical analysis
Efficacy assessments are presented as means ± SEMs at each time 

point. Each result was based on data from all patients who received 
at least two treatments being compared. Statistical comparisons 
were based on within-patient differences (eg, ARS-2 — placebo). 
We made comparisons using Wilcoxon signed rank test. All tests 
were two-sided.

The study was registered with ClinicalTrials.gov (NCT054 
96465 - https://clinicaltrials.gov/study/NCT05496465?term=NCT 
05496465&rank=1) on August 11, 2022.
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RESULTS
Study participants

A total of 21 of 25 screened patients were randomized and 
received at least one treatment (Figure 1). All randomized pa
tients met the diagnostic criteria for CSU. Two patients were 
excluded from the efficacy analysis because they received only 
one treatment: one patient did not experience hives after the first 
dose, and one patient withdrew consent. One additional patient 

was terminated from the study early when it was determined 
that one of the exclusion criteria (abnormal cardiovascular 
finding at screening or history) was not met; however, this pa
tient received two treatments (ARS-1 2 mg and placebo) and 
was therefore included in the efficacy analysis.

Patients ranged in age from 18 to 65 years. Four patients 
(19%) were male and 17 (81.0%) were female. Patients had a 
mean (SD) height of 167.0 cm (10.0 cm), a mean (SD) weight 

FIGURE 1. Consolidated Standards of Reporting Trials diagram showing the flow of patients in the study.

FIGURE 2. Mean patient-reported severity scores, by treatment and time point: (A) patient-report itch severity, (B) patient-report hives 

severity, and (C) patient-report pain severity (visual analog scale).
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of 81.0 kg (19.1 kg), and a mean (SD) body mass index of 29.1 
kg/m2 (6.8 kg/m2). Of the 19 patients included in the efficacy 
analysis, 18 were taking antihistamines and one was taking 
omalizumab without an antihistamine. Of 18 patients receiving 
antihistamine, 13 patients were taking a second-generation 
antihistamine alone (as needed, 10 patients; once daily, three 
times daily, and four times daily, 1 patient each). Five patients 
were receiving combinations of treatment: two patients took 
first- and second-generation antihistamine as needed, one pa
tient took two second-generation antihistamines twice a day, 
one patient took first- and second-generation antihistamines and 
gabapentin, and one patient took second generation antihista
mine three times a day, and two second-generation antihista
mines as needed (prednisone and montelukast).

Patient-reported assessment
Mean baseline hive scores were 2.5 (SD, 0.6; range, 1-3), 2.4 

(SD, 0.6; range, 1-3), and 2.4 (SD, 0.8; range, 1-3) and mean 
baseline itch scores were 1.9 (SD, 0.8; range, 0-3), 1.9 (SD, 0.9; 
range, 0-3), and 2.1 (SD, 0.8; range, 0-3) for ARS-2 1 mg, ARS- 
2 2 mg, and placebo, respectively.

Figure 2, A and B, respectively show the by-treatment and by- 
time point figures of patient-reported itch and hive severity. 
Relative to placebo, both 1- and 2-mg doses of ARS-2 resulted 
in rapid decreases in patient-reported itch and hive severity 
scores. We observed statistically significant differences in itch 
severity starting at 5 minutes after the dose for ARS-2 2 mg and 
15 minutes after the dose for ARS-2 1 mg, and statistically 
significant differences in hive severity at 15 minutes after the 
dose for ARS-2 2 mg and 30 minutes after the dose for ARS-2 1 
mg. These significant differences were observed through 120 
minutes after the dose for both itch severity and hive severity 
(P < .001) (Figure 2, A and B). There were no significant 
differences between ARS-2 1 and 2 mg except for 10 minutes 
after the dose for itch (P < .05).

We observed no significant differences in patient-reported 
pain scores (VAS) between placebo and either dose of ARS-2 
or between ARS-2 1 mg and ARS-2 2 mg (Figure 2, C).

Investigator-rated assessment
The by-treatment and by-time point figures of the 

investigator-rated extent of urticaria (percentage of body area 
with urticaria) and erythema score are provided in Figure 3, A 
and B. Relative to placebo, both doses of ARS-2 resulted in 

rapid improvements (decreases) in investigator-rated assessments 
of urticaria and erythema. Statistically significant improvements 
in investigator-reported extent of urticaria were observed start
ing at 10 minutes after the dose for ARS-2 2 mg and 15 minutes 
after the dose for ARS-2 1 mg. We observed statistically sig
nificant improvements in investigator-reported erythema scores 
starting at 5 minutes after the dose for ARS-2 2 mg and 
10 minutes after the dose for ARS-2 1 mg. Significant differ
ences were observed through 120 minutes after the dose (P =
.005 for 1 mg or <.001 for 2 mg). With the exception of the 
period between 15 and 60 minutes after the dose for the extent 
of urticaria, there were no significant differences between the 
doses of ARS-2.

Additional exploratory assessments
Relative to placebo, both doses of ARS-2 resulted in signifi

cantly higher rates of being effectively treated according to 
investigator assessments (P < .05). There were no significant 
differences between ARS-2 1 mg and ARS-2 2 mg (Table I).

Relative to placebo, both doses of ARS-2 resulted in signifi
cantly higher patient satisfaction scores as measured by patient 
satisfaction by VAS and mean patient satisfaction scores (P <
.05) (Table I). There were no significant differences between 
ARS-2 1 mg and ARS-2 2 mg for either measure.

The patient taking omalizumab without an antihistamine was 
terminated from the study after receiving ARS-2 2 mg and pla
cebo (ARS-2 1 mg was not administered). This patient demon
strated a rapid response beginning at 5 minutes after the dose and 
persisting through 120 minutes. The patient had a VAS score of 
100 after ARS-2 2 mg (versus a score of 55 after placebo).

FIGURE 3. Mean investigator-reported scores, by treatment and time point: (A) investigator-reported extent of urticaria, and (B) 

investigator-rated erythema score.

TABLE I. Investigator’s assessment of being effectively treated 

and patient satisfaction scores

Assessments
ARS-2 1 mg 

(n � 18), n (%)
ARS-2 2 mg 

(n � 19), n (%)
Placebo 

(n � 19), n (%)

Investigator’s assessment that patient was effectively treated

Yes 14 (77.8) 16 (84.2) 7 (36.8)

No 4 (22.2) 3 (15.8) 12 (63.2)

Patient 
satisfaction 
score (mean 
[SD]) visual 
analog scale

68.2 (30.4) 74.1 (30.5) 32.5 (38.0)
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Safety and tolerability
Vital signs. Figure 4 shows mean vital signs versus time. No 
significant or consistent changes in vital signs were observed.

Adverse events. Six patients reported adverse events 
(31.6%) after receiving ARS-2 1 mg, and seven patients 
(35.0%) after receiving ARS-2 2 mg. No patients reported an 
adverse event after placebo. Adverse events reported by more 
than one patient in the 1-mg dose group included nasal 
discomfort (four patients; 21.1%). Adverse events reported by 
more than one patient in the 2-mg dose group included nasal 
discomfort (three patients; 15.0%) and headache (two patients; 
10.0%).

DISCUSSION
Epinephrine has long been recognized as a treatment for 

urticaria,7,8 but its use had diminished owing to reliance on 
antihistimines9 and concerns regarding the risks of epineph
rine injections to treat a non—life-threatening condition.10

This study demonstrates that ARS-2 offers a rapidly acting, 
needle-free alternative for managing acute exacerbations of 
CSU.

In this randomized, placebo-controlled crossover study, ARS- 
2 resulted in significant improvements in both patient- and 
investigator-reported measures of itch, hives, extent of urticaria, 
and erythema. Therapeutic effects of were observed as soon as 5 
minutes after the dose and persisted for a minimum of 120 
minutes; no changes were observed after placebo. No mean
ingful differences in efficacy were noted between the 1- and 2- 
mg doses, suggesting that lower doses may warrant further 

investigation. The rapid improvements noted after administra
tion of ARS-2 contrast with currently used systemic glucocor
ticoids, which typically take several hours to be effective and 
carry a risk of cumulative toxicity.

Treatment with ARS-2 was well-tolerated, with only minor 
adverse events, primarily nasal discomfort and headache. Small, 
transient changes in blood pressure and heart rate were noted, 
although they never exceeded normal physiologic ranges. This 
finding may reflect the counterbalancing vasodilation associated 
with increased levels of histamine in CSU.11

Epinephrine’s therapeutic mechanism of action in urticaria is 
attributable to its adrenergic agonism, particularly high-affinity 
β2-receptor activation, which rapidly inhibits plasma exuda
tion by preventing the separation of endothelial cells in post
capillary venules.12,13 β2-Agonism also inhibits the further 
release of histamine, tryptase, and other allergic mediators of 
inflammation from mast cells and basophils by activating 
membrane-bound adenylate cyclase and elevating cyclic adeno
sine monophosphate.14-16 These mechanisms provide a biolog
ically plausible explanation for the rapid symptom relief 
associated with ARS-2 administration.

Investigators were more likely to consider patients effectively 
treated after either dose of ARS-2 than placebo, with corre
spondingly higher patient satisfaction scores. These comparable 
findings from both patients and investigators demonstrate that 
the improvements seen in symptom scores reflect real and 
noticeable relief for patients.

Although these results are promising, the study has several 
important limitations, including the inclusion of subjective 
assessment measures in an open-label study. In addition, several 
other methodological constraints warrant consideration. The 

FIGURE 4. Mean vital signs versus time: (A) systolic blood pressure, (B) diastolic blood pressure, and (C) heart rate.
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UAS, although standard for urticaria studies, has not been 
validated for short-interval assessments such as the 120-minute 
time frame used here; likewise, the VAS is not a validated tool 
in this context. We conducted no formal power analysis; the 
sample size was based on practical considerations. Generaliz
ability is also constrained by the enrolled population. Most 
patients had relatively mild disease that was controlled by daily 
antihistamines, and the presenting findings may not extend to 
patients with more severe or refractory CSR. Additionally, 
because the study excluded patients with a history of cardio
vascular conditions, the overall tolerability of ARS-2 cannot be 
generalized to this population. Finally, because inclusion was 
restricted to patients between aged 18 and 65 years, the re
sponses to ARS-2 cannot be extended to patients aged under 18 
or over 65 years. Additional studies, including larger double- 
blind, reasonably powered studies, are needed to confirm and 
strengthen the current findings. The inclusion of a repeat dosing 
arm may also be valuable to demonstrate real-world applicability 
for treating urticaria.

Despite these limitations, the results indicate that ARS-2 may 
offer a safe, rapid, and effective treatment option for acute ex
acerbations of CSU, with fewer side effects than systemic cor
ticosteroids. Further study is warranted to explore the efficacy of 
lower doses.
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