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Introduction

The most important subjective symptom in allergy and
allergic skin disease is itch. On one hand, the mechanisms
of allergic inflammation are under intensive research, on
the other hand investigations of the main symptom itch
are hampered by the lack of experimental models. The old
definition of itch as an ‘unpleasant sensation eliciting the
urge to scratch’ was not replaced within the last 50 years
of neurophysiological research [1]. However, this research
was mainly focused on the mechanisms of pain sensation
[2, 3]. The itch receptors are chemosensitive free endings
of unmyelinated C fibers, which are a very small and slow-
conducting population of cutaneous sensory nerves [4].
The recent finding of specific chemosensitive fibers has
ended the controversy about the relationship of itch and
pain [5]. Itch afferents are crossing in the spinal cord and
are related to the brain via the lateral spinothalamic tract

[4]. Little information is available on the following itch
processing in the brain [6]. Results of our previous studies
on objective covariates of itch using laser-evoked poten-
tials [7], axon reflex correlations [8, 9], and a new multidi-
mensional itch questionnaire [10] suggest a component of
itch perception statistically independent of the primary
stimulus intensity (histamine) or clinical severity of a pru-
ritic disease (atopic eczema). In this study, we investi-
gated the central nervous processing of itch by a noninva-
sive imaging technique.

Subjects, Material and Methods

We used an experimental itch model that delivers mediators –
in this study histamine – right to the dermal-epidermal junction lev-
el, where the itch afferents have the highest density. The model was
previously evaluated [8, 11]; it also allows the measurement of the
C fiber activity indirectly by determination of the axon reflex, a col-
lateral excitation of branches of afferent C fibers which then lead to
vasodilatation in the periphery that can be measured by different
methods. This skin puncture model was modified for a study on 6
healthy male right-handed volunteers in the positron emission to-
mography. Approvement from the local ethical committee was
obtained. After informed and written consent, histamine dihy-
drochloride (Sigma) was administered at the subject’s right lower
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Fig. 1. Significant increase in regional blood flow after histamine
stimulus at the right lower arm projected onto a 3-dimensional ana-
tomical reference of the human brain derived from magnetic reso-
nance imaging (voxel cluster level significance of at least p ! 0.05).
Nine repeated scans, subtraction analysis versus three saline punc-
ture controls., n = 6.

arm in 9 logarithmically increasing doses from 0.03 to 8% versus
NaCl control stimuli in a repeated measurement design. At a cer-
tain time point a tracer (H2

15O) was injected. The scanning of the
distribution of this tracer as a function of regional cerebral blood
flow allows the imaging of cerebral neural activity [12–14]. After
the PET scan, the itch intensity, degree of unpleasantness and the
urge to scratch (not allowed) were recorded with 100-mm visual
analog scales (VAS). Skin reaction diameters and VAS were corre-
lated with neural activity. Scans were performed in darkness to
reduce optically evoked cerebral activity. The scans were performed
with a Siemens 951 R/31 PET scanner (CTI, Knoxville Tenn.,
USA) in the 3-dimensional mode. Data was transformed into the
stereotactic space of Talairach and Tournoux [15]; an effective reso-
lution of 18 mm was obtained.

Results

All 6 volunteers reported a localized pure itch sensa-
tion from 0.03% histamine on. Minimum mean intensity
rating was 24%, maximum mean was 51% VAS with a
very similar slope of the three subjective rating curves.
Skin reactions ranged from 2 to 8 mm (wheal) and 4 to
55 mm (flare). The activation pattern versus control aver-
aged for the 6 volunteers projected on to a nuclear mag-
netic resonance surface view of the brain is shown in fig-
ure 1. Several significantly activated areas could be iden-
tified. Most activations were obtained contralaterally

Table 1. Significantly activated Brodmann areas after histamine itch
stimulus and corresponding anatomical structures (n = 6)

Brodmann
area

Anatomical structures

6a SMA
3 Gyrus postcentralis
4–6a Gyrus precentralis/SMA

45–46 Gyrus frontalis medius
6–9a SMA/gyrus precentralis

40 Gyrus supramarginalis
44 Gyrus precentralis
22 Gyrus temporalis superior
8 Anterior gyrus cinguli/gyrus frontalis medius

Right hemisphere
6a Gyrus precentralis/SMA
3 Gyrus postcentralis

SMA = Supplementary motor area.
a Correlation with subjective itch sensation (VAS) in the same
Brodmann area.

from the stimulus. Talairach coordinates allow to project
the significantly activated areas onto anatomical struc-
tures, in the end relating them to functional properties.
The identified areas consist of sensory and motor regions
as well as motor association areas. But also, higher inte-
grating functional areas like gyrus frontalis medius and
gyrus temporalis superior were activated. Not only the
subjective itch sensation, but also the histamine concen-
tration correlated significantly with activated areas (ta-
ble 1). Correlations of skin functional parameters – tem-
perature, flare, wheal – with these areas were also ob-
tained. However, these associations are partially covar-
iates of other main variables in the study like the hista-
mine concentration.

Discussion

This first PET correlation study on itch identified
functional and objective covariates of itch sensations. Itch
is not represented by a single ‘itch center’ in the human
brain. The activation patterns had some similarities with
those of pain [12, 13]. The intention of pruritofensive
movements like scratching – which was not allowed dur-
ing the study – was mirrored by activations of motor areas
in the cortex. Supplementary motor area and motor cor-
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tex activation were previously described by Hsieh et al.
[16] with a different stimulus paradigm at the upper arm
and other PET methodology. For the first time, the senso-
ry cortex area involvement during itch was also demon-
strated in our study. Further areas are probably involved

in emotional processing of the itch sensation. The possi-
bility of determining central nervous sites involved in itch
perception by correlating PET imaging and psychophysi-
cal data enables more differentiated understanding of an
excruciating clinical symptom.
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