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Abstract
Introduction: Flare reactions arise due to the release of vaso-
dilators from sensory nerves caused by antidromic transmis-
sion of action potentials after the induction of itch. Objective: 
We investigated the link between flare and itch using 3 mod-
els of itch. Methods: Skin provocations with histamine, cap-
saicin, and cowhage were performed in 31 subjects. Itch was 
quantified using the visual analog scale. Flare was assessed 
using laser speckle contrast imaging (LSCI) and digital pho-
tography. Results: The duration, intensity, and area under 
the curve of histamine-induced itch correlated with the area 
of increased blood flow measured with LSCI (r = 0.545, p = 
0.002; r = 0.575, p = 0.001; and r = 0.649, p < 0.001, respec-
tively). Itch and skin blood flow in response to capsaicin or 
cowhage did not correlate. Conclusion: In histamine-in-
duced skin inflammation, itch and increased blood flow are 
linked. Thus, the area of histamine-induced flare may be used 
as a surrogate marker for histamine-induced itch.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Skin flare reaction, that is, visible skin redness reflect-
ing arteriolar dilation, involves vasodilators that are re-
leased by cutaneous sensory nerves due to their anti-
dromic stimulation during responses to noxious stimu-
li [1]. This neuronal mechanism behind the flare reaction 
is also called the axon reflex. At the same time, local ac-
tivation of sensory skin nerves and the subsequent or-
thodromic transmission of action potentials result in the 
transmission of sensory information, including itch, to 
the brain [2, 3]. Considering this involvement of skin 
sensory nerves in both, the flare and the itch that come 
with skin inflammatory responses, it is conceivable that 
flare size and itch intensity are linked, reflecting the lev-
el of activation of sensory skin nerves.

Flare is a parameter that is readily available for objec-
tive evaluation and could be used to complement the 
assessment of itch intensity, which currently relies on its 
subjective estimation by patients. In recent years, new 
techniques for the assessment of skin flare responses 
have emerged, enabling more precise quantification of 
vasodilation than solely the visual assessment of skin 
redness. Today, flare reactions can be quantified in 
terms of their size and intensity, based on measurements 
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of skin blood flow, using laser Doppler imaging (LDI), 
laser speckle contrast imaging (LSCI), infrared ther-
mography, or reflectance colorimetry [3–6]. Along with 
this, in vivo models of experimentally induced skin in-
flammation and itch became well-established research 
tools for the identification and characterization of the 
pathomechanisms of itch and for the development of 
new antipruritic drugs [5–8]. Skin provocations with 
histamine and cowhage spicules represent 2 well-estab-
lished experimental models of itch [9]. Histamine in-
duces skin inflammation and itch through the activation 
of histamine H1 and H4 receptors (H1R and H4R, re-
spectively) [10, 11]. Mucunain, a protease contained in 
cowhage, activates protease-activated receptors 2 and 4 
(PAR2 and PAR4, respectively) [12, 13]. Capsaicin, sig-
naling through transient receptor potential vanilloid 1, 
is a well-known pain inducer upon intradermal injec-
tion [14, 15]. Its more superficial application by means 
of deactivated cowhage spicules has been shown to 
evoke itch [16, 17], and its application via skin prick test-
ing (SPT) has recently been validated as a model for skin 
inflammation and itch [18].

As of now, there are only few studies on the relation-
ship between experimentally induced flare and itch, and 
their outcomes are inconclusive or contradictory [16, 
17]. Also, all of these studies are limited to the charac-
terization of the area of flare reactions and did not ana-
lyze flare intensity, and most of them only assessed his-
tamine-induced flare and itch [19, 20]. As of yet, only 1 
study investigated the relationship between histamine-, 
cowhage-, and capsaicin-induced flare and itch [16]. 
Also, only 2 studies employed advanced methods, such 
as LDI and LSCI for the assessment of the changes in 
skin blood flow that underlie histamine- and cowhage-
induced flare responses, to assess its links to itch  
[20, 21].

A better understanding of how flare responses and 
itch are linked, in addition to helping research efforts, 
may also be of clinical relevance. Objective and precise 
measurements of flare responses could help determine 
itch intensity in patients with pruritic skin diseases. Pre-
viously, a diminished flare area has been proposed and 
validated as a test for the functional impairment of C-
fibers in small fiber neuropathy [22]. The aim of our 
study was to investigate the relationship between the 
flare responses induced by histamine, capsaicin, and 
cowhage and the itch that comes with them, using LSCI-
based measurements of the area of increased blood flow 
and blood flow intensity combined with macroscopic 
planimetric assessment of the flare size.

Materials and Methods

Study Subjects and Conduct
The data on sensory qualities obtained in this experiment were 

published recently along with characteristics of the subjects and 
provocations [18]. Briefly, a total of 31 healthy volunteers (median 
age: 28 years, lower quartile 26, upper quartile 34 years; range: 20–
38 years; 15 females) were included in the study. Ten subjects (6 
females) had a positive history for allergic rhinitis or allergic asth-
ma. They were completely symptom free during the course of the 
study. Antihistamines and analgesics were not allowed for 1 week 
before testing. Antidepressants and corticosteroids, both systemic 
and topical, were prohibited at least 14 days prior to the experi-
ment. All participants were asked to refrain from coffee consump-
tion at least 4 h before skin provocations on the day of the study.

Skin Challenges
The same examiner performed skin provocations in all sub-

jects, 15 min after acclimatization, in an air-conditioned study 
room under constant temperature (22–26°C) and air humidity 
(40–60%). Skin prick tests with histamine (10 mg/mL; ALK-Abel-
lo, Horsholm, Denmark), capsaicin (0.08 g/mL capsaicin and 48% 
polysorbate 80 in isotonic saline solution; Charité Pharmacy, Ber-
lin), and their negative controls (respectively, ALK-Abello, Hors-
holm, Denmark, and 48% polysorbate 80 in isotonic saline solu-
tion; Charité Pharmacy, Berlin) were performed on the volar fore-
arm [18]. A total of 40–45 active cowhage spicules and its negative 
control (40–45 cowhage spicules deactivated by autoclaving) were 
rubbed gently for 45 s on the skin provocation area (400 mm2), as 
described previously [9]. For all skin challenges, the negative con-
trol for the active substance was applied on the opposite forearm. 
Skin challenges with individual active compounds and their con-
trols were performed at least 60 min apart. Provocation sites were 
located at least 5 cm apart. The randomization included the order 
of the provocation substance, the side of the forearm (left-right), 
and the provocation site (proximal-distal).

Assessment of Itch
Itch intensity was assessed on a 100-mm visual analog scale 

(VAS) every minute up to 30 min. Itch duration, peak intensity, 
and area under the curve (AUC) were analyzed.

Assessment of the Area of Increased Blood Flow and the 
Intensity of Increased Blood Flow
LSCI was done before, 10, 20, 40, 60, and 90 min after skin 

provocation to assess the size of the skin area that exhibited in-
creased blood flow and the intensity of increased blood flow. LSCI 
images were analyzed using dedicated software (full-field laser 
perfusion imager-2; moorFLPI2-Review V4.0; Moor Instruments, 
Axminster, UK). The principle of the measurements is described 
elsewhere [23]. We used a recording mode with a rate of 1 image 
per second. The area of increased blood flow (mm2) was defined 
as the skin area on post-provocation images with a blood flux ex-
ceeding the mean flux plus 2 SD (as calculated for each site before 
provocation). The maximal intensity of blood flow, that is, the 
maximal value of post-provocation blood flux, was measured 
within the predefined circular area of 415 mm2 with its center in 
the provocation site and expressed in perfusion units. The mean 
value of blood flux (mean flare intensity) was measured within the 
area of increased blood flow and expressed in perfusion units.
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Assessment of Flare
Skin imaging by digital photography was performed before, 10, 

20, 40, 60, and 90 min after skin provocation. The area of the flare 
was determined by macroscopic quantitative planimetric mor-
phometry from digital pictures with ImageJ software (ImageJ de-
velopers, NIH, MD, USA). The flare area was delineated manually 
on each picture and expressed in mm2 [6].

Statistical Analyses
Continuous variables are presented as means ± standard error 

of the mean. Normality of distribution of the analyzed parameters 
was tested using the Kolmogorov-Smirnov test. Changes in the 
flare parameters over time and differences in flare parameters be-
tween itch inducers were tested with ANOVA. If the ANOVA was 
significant, Bonferroni-adjusted post hoc analysis test was em-
ployed to test which measurements differed significantly from the 
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(*p < 0.05; **p < 0.01; ***p < 0.001) are shown for comparisons 
between parameters before and after the skin challenge at each 

measurement time-point for active substances (● – histamine,  
♦ – capsaicin, ▲ – cowhage). Whiskers represent SEM. b Exam-
ples of flare development in time captured by LSCI after experi-
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initial values, and the least significant difference test was used for 
comparison between flare evoked by histamine, capsaicin, and 
cowhage. Paired-sample t test was used to test for differences in 
overall flare response between the AUC of flare evoked by active 
substances and their negative controls. Pearson’s r was calculated 
to characterize the linear correlation between 2 continuous vari-
ables. The Hotelling test was used for comparison of overlapping 
correlations for dependent groups [24], and p < 0.05 was consid-
ered significant.

Results

The Itch Induced by Histamine Is Linked to the Area 
but Not the Intensity of Increased Blood Flow
Histamine SPT induced itch (assessed by VAS), and it 

increased skin blood flow as measured by LSCI (Table 1; 
Fig. 1). Itch responses to histamine were significantly cor-
related with the size of the area of increased blood flow 
but not with the maximal or mean intensity of the blood 
flow increase as assessed by LSCI (Table 2; Fig. 2).

The Itch Induced by Capsaicin or Cowhage Is Not 
Linked to the Extent or Intensity of Increased Blood 
Flow
Skin provocation with capsaicin and cowhage also in-

duced itch, albeit to a lesser extent than histamine. They 
also increased blood flow as assessed by LSCI, again to a 
lesser extent than histamine (Table  1). Histamine in-

creased skin blood flow (area of increased blood flow, 
mean and maximal blood flow) more than capsaicin (p < 
0.001, for all flare parameters) and cowhage (p < 0.001, 
for all flare parameters) as captured by LSCI 10 min after 
skin provocation. Capsaicin induced larger areas of in-
creased blood flow (p = 0.001) as well as a higher maximal 
(p < 0.001) and mean intensity of blood flow (p < 0.001) 
than cowhage. Importantly, itch responses to capsaicin 
and cowhage were not linked to changes in blood flow, 
neither to the size of the area of increased blood flow nor 
to the maximal and mean intensity of blood flow, as as-
sessed by LSCI (Table 2).

The Itch Response to Histamine Is Linked to the Size 
of the Visible Flare
The itch response to histamine was significantly and 

moderately correlated with the size of the flare as assessed 
by macroscopic quantitative planimetric morphometry 
(Table 2). The correlation between itch intensity (AUC) 
and flare area was significantly weaker than the correla-
tion of itch intensity (AUC) and the area of increased 
blood flow as measured by LSCI (Table 2). The size of the 
flare (measured by macroscopic quantitative planimetric 
morphometry) was strongly correlated with the area of 
increased blood flow (measured by LSCI) 10 min after 
SPT (r = 0.731, p < 0.001).

Table 2. Pearson’s r correlations between itch intensity and flare parameters measured 10 min after skin provocation with histamine, 
capsaicin, and cowhage

Substance Flare parameter Itch parameters (Pearson’s r, significance level)

peak intensity duration AUC

Histamine Flare area (digital planimetry) 0.283, p = 0.123 0.406, p = 0.023a 0.409, p = 0.022b

Area of increased blood flow (LSCI) 0.575, p = 0.001 0.545, p = 0.002a 0.649, p < 0.001b

Change in maximal intensity of blood flow to baseline (LSCI) 0.146, p = 0.435 0.200, p = 0.280 0.196, p = 0.291
Mean intensity of blood flow (LSCI) 0.053, p = 0.777 0.068, p = 0.716 0.030, p = 0.874

Capsaicin Flare area (digital planimetry) 0.338, p = 0.063 0.135, p = 0.468 0.271, p = 0.141
Area of increased blood flow (LSCI) 0.127, p = 0.502 0.293, p = 0.116 0.123, p = 0.516
Change in maximal intensity of blood flow to baseline (LSCI) 0.354, p = 0.051 0.212, p = 0.252 0.271, p = 0.140
Mean intensity of blood flow (LSCI) 0.331, p = 0.069 0.158, p = 0.395 0.305, p = 0.095

Cowhage Area of increased blood flow (LSCI) 0.135, p = 0.477 0.031, p = 0.870 0.240, p = 0.202
Change in maximal intensity of blood flow to baseline (LSCI) 0.060, p = 0.752 −0.010, p = 0.958 0.048, p = 0.801
Mean intensity of blood flow (LSCI) −0.016, p = 0.934 −0.029, p = 0.878 0.150, p = 0.428

AUC, area under the curve; LSCI, laser speckle contrast imaging. Significant p values are shown in bold. a The correlation between itch duration and area 
of increased blood flow measured using LSCI was not significantly different from the correlation between itch duration and flare area measured planimetri-
cally from digital pictures, p = 0.140. b The correlation between the AUC of itch intensity and area of increased blood flow measured using LSCI was stron-
ger than the correlation between the AUC of itch intensity and flare area measured planimetrically from digital pictures, p = 0.022.
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Discussion

This study demonstrates that the size of the flare at 
sites of histamine-induced skin inflammatory responses 
correlates with the itch that comes with these responses. 
This link is best assessed by measurements of skin blood 
flow, but it is also evident when flare size is measured pla-
nimetrically.

The kinetics and extent of the skin responses to hista-
mine in our study are similar to those reported previous-
ly. In line with earlier work, we observed the greatest in-
crease in blood flow induced by histamine at the first 

measurement after skin provocation. The blood flow re-
sponse then gradually declined within 90 min, both in 
terms of its area and intensity [6]. Both the flare response 
and the itch induced by histamine are mediated by hista-
mine-sensitive mechano-insensitive C-fibers (CMi fi-
bers) [2, 25]. That the area of histamine-induced in-
creased blood flow, but not its intensity, correlates with 
itch suggests that both reflect the activation level of the 
same histamine-sensitive CMi fibers. Our results are con-
sistent with those of previous studies in which histamin-
ergic itch correlated with flare area assessed by LSCI and 
LDI [20, 21]. To our best knowledge, flare intensity has 
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not yet been tested for its relationship with the intensity 
of experimentally induced itch.

Measuring flare reactions has previously been pro-
posed as a test for the function of CMi fibers [26], and 
flare size measurements were validated for the assessment 
of small nerve fiber neuropathy in patients with diabetes 
mellitus [22]. Of note, the functional impairment of CMi 
fibers in patients with small fiber neuropathy was linked 
to a diminished flare size but not flare intensity after elec-
trical stimulation [26] and after iontophoresis with hista-
mine [27]. Our data are in line with this, as these previous 
studies and ours indicate that flare area is a more sensitive 
parameter than flare intensity for the function of CMi fi-
bers [26, 27]. The flare area depends directly on the size 
and functional integrity of receptive fields of the axonal 
tree and on fiber density [28, 29]. In contrast, the flare 
intensity depends on vascular smooth muscle reactivity, 
the spatial distribution of the release and degradation of 
vasodilators such as calcitonin gene-related peptide [28]. 
Taken together, these data and our results suggest that the 
area of histamine-induced flare may be used as a surro-
gate marker of experimentally induced histaminergic 
itch. The correlations between flare size and itch param-
eters were moderate to strong, and they were better using 
LSCI than planimetry. Recording of itch using a well-es-
tablished VAS or numeric rating scale is still faster and 
easier than using an advanced technique such as LSCI. 
However, assessment of itch has limitations and is prone 
to bias, resulting from its subjective nature [30], cultural 
or ethnic differences [31], and cognitive limitations in 
young children and elderly subjects [32]. There are appli-
cation areas where subjective assessment of itch due to its 
limitations might be replaced or complemented by flare 
assessment, such as in young children, subjects with cog-
nitive deficits, settings resulting in high subjective bias or 
attentional distraction, or animal studies.

The transmission of capsaicin-induced itch in humans 
is still not sufficiently understood. Transient receptor po-
tential vanilloid 1 receptors are expressed ubiquitously on 
sensory neurons, which implies that capsaicin-induced 
itch may involve many classes of sensory neurons [33]. 
Capsaicin activates a subpopulation of mechano-heat-
sensitive C (CMH) fibers (i.e., quickly adapting to stepped 
heat stimulus CMH fibers) [34], mechano-heat-sensitive 
A fibers [35], and CMi fibers [36], including a subpopula-
tion of silent nociceptors, which become responsive to 
heat or mechanical stimuli after sensitization, part of 
which may mediate itch, and which contribute to flare 
responses [2, 3]. The CMi fibers due to their excessive 
terminal branching have the biggest innervation territo-

ries, and therefore, their activation probably determines 
the size of histamine- and capsaicin-induced flare reac-
tions [2, 37]. CMi fiber activation by capsaicin is weaker 
than that by histamine, as shown using microneurogra-
phy [36]. Therefore, it is possible that weaker activation 
of CMi fibers by capsaicin than by histamine results also 
in a smaller flare area, which we observed in our experi-
ments and was previously reported [16]. Furthermore, 
the involvement of many classes of cutaneous afferents in 
itch evoked by capsaicin may explain the lack of correla-
tion between flare and itch observed in our study by 
means of LSCI and planimetry and previously using pla-
nimetry [16, 17]. Another explanation of the bigger flare 
area after histamine provocation might be a better skin 
diffusion of histamine than of capsaicin, resulting in 
reaching and activation of more nerve fibers. However, 
direct comparisons of diffusion and bioavailability be-
tween histamine and capsaicin are missing.

Skin provocation with cowhage is known to induce 
strong itch responses and minimal flare reactions [9, 16, 
38]. In our study, cowhage-induced flare reactions were 
also very subtle and much smaller than histamine- and 
capsaicin-induced flare reactions. Cowhage activates 
CMH fibers and mechano-heat-sensitive A fibers [39] but 
not CMi fibers [40]. The innervation areas of CMH fibers 
are approximately 3 times smaller than those of CMi fi-
bers [37]. It has been also demonstrated that electrical 
stimulation of CMH fibers induces only a brief and spa-
tially limited increase in skin blood flow as compared to 
electrical stimulation of CMi fibers [3]. This may explain 
why changes in blood perfusion induced by cowhage do 
not correlate with itch intensity.

Planimetric measurements of the histamine-induced 
flare area from digital pictures correlated with histamine-
induced itch; however, this relationship was weaker than 
the association of itch and blood flow assessed by LSCI. 
Previous studies, in which flare was measured with a rul-
er, reported contradictory results where no [17], a weak 
[16], or a moderate correlation [19] between flare and itch 
induced by histamine was found. LSCI seems to better 
reflect this relationship than macroscopic quantitative 
planimetric morphometry, which can explain the incon-
sistency of these previous reports. Our observation that 
histaminergic itch reflects the size of flare responses is in 
line with clinical observations made in patients with his-
tamine-mediated skin symptoms, for example, in pa-
tients with cholinergic urticaria where wheals come with 
intense itch and large erythematous flare responses [41].

It must be noted that LSCI enables continuous record-
ing of blood flow, an advantage that was not fully taken 
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in our study, due to methodological limitations of parallel 
recording of itch and flare. Time-matched recording of 
itch and flare in future studies, provided that methodol-
ogy of itch rating could be adapted accordingly, could fur-
ther help characterize the relationship between itch and 
flare. A further limitation of this study is that only healthy 
controls were included. Thus, extrapolation of its results 
to different patient groups must be done with caution, 
unless further studies have not investigated these rela-
tionships in patients.

Taken together, our study shows that the area of in-
creased blood flow, but not the intensity of blood flow, 
correlates with histamine-induced itch. This relationship 
was more consistent with the use of LSCI than digital 
photography for flare assessment. Our findings suggest 
that in clinical conditions involving histamine-depen-
dent skin reactions, the flare size may reflect itch inten-
sity. In the experimental models of histamine-dependent 
itch, the flare area measured with LSCI may be used as a 
surrogate parameter of itch, reflecting the activation level 
of CMi fibers.
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