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Background: Exposure to sweating stimuli triggers transient and severe dermal

pain in certain individuals. This study aimed to evaluate the analgesic effect of

icatibant, a bradykinin B2 receptor antagonist, for the dermal pain induced by

sweating stimuli and explored the role of bradykinin in its pathomechanism.

Methods: This single-blind, randomized, crossover study enrolled adult patients

who had experienced severe sweating-induced dermal pain. Participants

randomly received icatibant (30 mg) or placebo on Day 1 and vice versa on

Day 2. Before and after drug administration, dermal pain induced by an artificial

thermal loading was assessed using the visual analog scale (VAS).

Results: Four patients were enrolled, three of whom completed the full

procedure with the termination in the other. Among the three patients, the

pain-VAS score decreased more with icatibant than with saline in one patient,

whereas it decreased more with saline than with icatibant in the other two

patients. The pain duration decreased more with icatibant than with saline in

two patients, whereas it decreased equally with both treatments in the other.

Icatibant did not affect the changes in whole blood and plasma histamine, and

serum angiotensin-converting enzyme levels after the induction of the dermal

pain. A safety profile showed injection site pain associated with icatibant.

Conclusion:Blockadeof bradykinin B2 receptor signaling by icatibant contributed

to the reduction of dermal pain during sweating stimuli in one patient but not in

two others. The role of bradykinin in the dermal pain varies among patients.

Clinical trial registration: https://jrct.niph.go.jp/, identifier jRCTs061210021.
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Introduction

Exposure to sweating stimuli such as bathing, exercise, or

mental stress triggers transient and severe dermal pain in certain

populations of individuals [1–3]. The sweating-induced dermal

pain may occur alone or, more commonly, be accompanied by

transient eruptions and/or generalized hypohidrosis [1], referred

to as cholinergic urticaria [2] or acquired idiopathic generalized

anhidrosis (AIGA) [3]. Considering that the pain is short-lived

but severe and significantly disrupts patients’ daily lives [1], the

underlying molecular mechanisms need to be elucidated to

develop effective treatments. The short duration of the pain

suggests the involvement of endogenous pain-producing

substances with short lifetimes, such as histamine and

bradykinin, in its pathogenesis.

This study aimed to evaluate the analgesic effect of icatibant,

a bradykinin B2 receptor antagonist, in patients experiencing the

sweating-induced dermal pain and demonstrated the role of

bradykinin in the pathomechanism of the dermal pain. Thus,

we performed a single-blind, randomized, crossover study on the

efficacy of subcutaneous injections of icatibant for the dermal

pain induced by an artificial thermal load.

Methods

Participant enrollment

Study participants included adult patients who had

experienced severe dermal pain induced by thermal sweating

stimuli (e.g., bathing), regardless of the presence or absence of

cholinergic urticaria and hypohidrosis, for more than 3 months.

After obtaining consent from study participants at Hiroshima

University Hospital, eligibility was confirmed based on the

inclusion and exclusion criteria (Supplementary Table S1).

Due to the slow enrollment with a limited number of patients

eligible to participate in the study, the VAS requirement in the

inclusion criteria was relaxed from 60 mm to 40 mm to promote

patient enrollment as of 21 June 2023. The procedures for the

four patients presented in this report had been completed prior to

the amendment, which did not affect the results of these patients.

Study design

The study design is as described in a previous article [4]

(Supplementary Figure S1). Briefly, upon enrollment,

participants were assigned to one of two groups [Icatibant-

placebo group (Group A) or Placebo-icatibant group (Group

B)]. Participants in Group A received icatibant (30 mg/3 mL) on

Day 1 and placebo (saline, 3 mL) on Day 2, while those in Group

B did placebo on Day 1 and icatibant on Day 2. Before and after

administration of drugs, dermal pain induced by thermal load

was assessed using the visual analog scale (VAS). The change of

VAS was calculated to evaluate the efficacy of drugs. Thermal

loading was performed by placing the lower legs of the

participants in warm water (approximately 43°C) for 30 min

to induce dermal pain.

Specifically, on Day 1, after baseline VAS assessment on the

dermal pain during the first thermal loading, icatibant or saline

was subcutaneously injected at least 90 min after the first thermal

load or 30 min after the skin symptoms resolved, whichever

occurred later. The second thermal load started 45 ± 15 min after

the drug administration, followed by the second pain-VAS

assessment. On Day 2, the same procedure as on Day 1 was

followed to evaluate the efficacy of the other drug on the dermal

pain. Saline was subcutaneously administered to patients who

receive icatibant on Day 1, while icatibant to those who received

placebo on Day 1. A washout period of ≥9 h was allowed between
drug administration on Day 1 and 2. In addition, to explore

related mediators, blood and plasma histamine levels and serum

angiotensin-converting enzyme (ACE) levels were measured

before and after every thermal load.

Ethical approval and informed consent

The study was conducted in compliance with the principles

of the Declaration of Helsinki (1996), Clinical Trial Act, and all

applicable regulatory requirements. Ethical approval was

obtained from the Hiroshima University Certified Review

Board (reference approval number: CRB6180006). Written

informed consent was obtained from all participants before

any study procedure. The protocol and trial progress were

registered in the Japan Registry of Clinical Trials

(jRCTs061210021) on 8 July 2022.

Results

Four patients [male: female = 4:0; age (median, range): 21.5,

19–28] were enrolled in this study (Table 1). Ten patients were

initially scheduled to participate; however, the study was

terminated upon completion of the procedure in four patients

owing to the lack of apparent efficacy of icatibant. Three patients

(HU01, 03, and 04) completed the full crossover interventions

and assessments. The other patient (HU02) was unable to induce

baseline pain in the saline arm (Day 2); hence, the procedure was

terminated. Two of the four patients were allocated to Group A,

and the others to Group B. Sweating-induced dermal pain was

associated with transient eruptions in all of the four patients, and

generalized (>25%) hypohidrosis in HU02, HU03, and HU04.

None of the patients had any pre-existing medical conditions or

complications.

The primary endpoint of the study was to compare the

changes in pain VAS scores before and after treatments with
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icatibant and saline. Among the three patients (HU-01, 03, and

04) who completed the interventions, the pain VAS score

decreased more with icatibant than with saline in one patient,

whereas the pain VAS score decreased more with saline than with

icatibant in the other two patients (Figure 1A; Supplementary

Table S2). As a secondary endpoint, the pain duration decreased

more with icatibant than with saline in two patients, whereas it

decreased equally with both treatments in the remaining patient

(Figure 1B; Supplementary Table S2). Raw data of pain-VAS and

duration of pain are shown in Supplementary Table S2.

TABLE 1 Patients’ background.

Registration No. HU01 HU02 HU03 HU04

Sex Male Male Male Male

Age, year 22 21 28 19

Study interventions Completed Interrupted Completed Completed

Allocated Group Group B Group A Group A Group B

-Day 1 medication Saline Icatibant Icatibant Saline

-Day 2 medication Icatibant Not applicable Saline Icatibant

Disease duration of dermal
pain, year

8 1.4 10.8 7

Dermal pain Pain-VAS 100 60 87 71

Distribution Neck, chest, bil.
axillae

Head, back, bil. forearms
and hands, bil. feet

Whole body Head, chest

Accompanied symptoms with
dermal pain

Transient eruptions Yes Yes Yes Yes

Hypohidrosis (area in
TBSA; distribution)

No Yes (40%; chest,
abdomen)

Yes (>25%; almost
whole body)

Yes (34%; head, bil. upper
extremities, upper back)

Past diseases/complications No No No No

Concomitant drugs No No Anti-histamine Anti-histamine, H2-receptor
blocker, Ca2+ channel α2δ ligand

bil., bilateral; TBSA, total body surface area; VAS, visual analog scale.

FIGURE 1
Effect of icatibant on the sweating-induced dermal pain. (A) The changes in pain-VAS scores before and after the injection of icatibant or saline.
(B) The changes in duration of pain before and after the injection of icatibant or saline. Data at each time point are shown in Supplementary Table S2.
VAS, visual analog scale.
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Additionally, changes in whole blood and plasma histamine, and

serum ACE levels due to the thermal load-induced dermal pain

were evaluated before and after treatments in two and three

patients, respectively (Figure 2; Supplementary Table S3). No

significant changes in whole blood and plasma histamine, or

serumACE levels were observed after the induction of the dermal

pain in any of the patients tested. Icatibant treatment did not alter

these changes. Adverse events were assessed in four patients

including the patient (HU02) with the terminated procedure.

Injection site pain was associated with icatibant in four patients,

and with saline in one patient. Insomnia was observed in one

patient but was not considered to be related to drug

administration.

Discussion

Bradykinin is an endogenous pain mediator [5], which may

play a role in the dermal pain during sweating stimuli because the

predominant kinin-producing activity is detected in the skin

during thermal sweating [6–9]. Icatibant, a bradykinin

B2 receptor antagonist, is approved for the treatment of acute

attacks of hereditary angioedema but is off-label for dermal pain

associated with sweating stimuli. In this study, the remarkable

efficacy of icatibant was not observed, with a better response in

one patient but a poorer response in two patients, in contrast to

saline. Patients were not allowed to change their baseline

concomitant treatments that may alleviate symptoms,

including antihistamines, at least for 2 weeks during this trial.

Concomitant antihistamines probably had no impact on the

results in HU03 and HU04. Moreover, blood histamine and

ACE levels were measured as biomarkers. ACE is an enzyme

involved in the kallikrein/kinin system that degrades and

inactivates bradykinin [5]. Hence, no significant relationship

was found between the occurrence of dermal pain, circulating

histamine levels, and the kallikrein-kinin system.

A limitation of this study is that it was terminated after

completing the procedure in only four patients owing to the

apparent lack of efficacy of icatibant. Statistical analyses were not

possible because of the small number of patients. Given that no

FIGURE 2
The changes in whole blood and plasma histamine, and serum angiotensin-converting enzyme (ACE) due to the thermal load-induced dermal
pain were evaluated before and after the injection of icatibant or saline. The changes in blood histamine, plasma histamine, and/or serum ACE data in
HU02 and HU03 could not be calculated due to missing data. Data at each time point are shown in Supplementary Table S3.
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clear benefit from icatibant was expected, and the physical

burden of injection site pain and thermal loading on the

patients was deemed significant, we concluded that continuing

the study was not ethically justified. In addition, repeated

sweating stimulations with a short interval may reduce the

sweating-induced dermal pain as observed in a patient

(HU02) in this study. In the future, a randomized control trial

with painless oral medication to block bradykinin such as

deucrictibant [10] in patients’ real daily lives would overcome

these limitations.

Overall, this study showed that the blockade of bradykinin

B2 receptor signaling by icatibant contributed to the reduction of

the dermal pain during sweating stimuli in one patient but not in

two others. This indicates that the role of bradykinin in the

dermal pain varies among patients.
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