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The effect of escalating heat stimulation on top
of anesthetized skin
Daniele Riccio, PhDa, Silvia Lo Vecchio, PhD, MSca,*, Lars Arendt-Nielsen, PhD, MDa,b

Abstract
The relationship between itch and heat pain has been vastly explored. A 70-year-old study, showed the development of paradoxical
itch following heat stimulation of anesthetized skin. The aim of this study was to re-evaluate, with more modern technologies and
systematic approaches, this paradoxical itch effect. Escalating heat stimuli were applied to the local anesthetized skin of 19 healthy
subjects, itch, and pain intensities were continuously assessed during the stimulation. As expected, pain sensation was significantly
reduced by local intradermal anesthesia, however, no paradoxical itch sensations were observed for any of the stimulation tem-
peratures.
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Itch and pain are 2 different sensations that share many simila-
rities, but to this day, it is not entirely clear how they interact and
affect each other. A fundamental understanding of this interac-
tion is crucial for the development of new and better therapies for
both sensory modalities.

Many studies have investigated heat pain thresholds (HPT),
although the exact temperature threshold can vary a lot
depending on the study design and methodology used[1,2], sex[3],
and the area stimulated[4]. Moreover, it has been shown that heat
pain can modulate (mainly inhibit) itch sensation in various
experimental settings[5,6]. The Transient Receptor Potential
Vanilloid (TRPVs) are involved in heat transduction and it is
known that temperatures above 30 °C can activate TRPV3,
TRPV4 by temperature between 30 and 40 °C, and TRPV1 by
temperature exceeding 40 °C[7]. TRPVs and various pruriceptors,
like histamine receptor[8] and serotonin receptor[9] share a close
relationship[10].

A recent study categorized cutaneous sensory nerve endings by
their RNA expression[11] and different fiber types involved in either
pain or itch were classified. The peptidergic fibers 1 (PEP1) char-
acterized by the expression of substance P are thermosensitive,
while the nonpeptidergic fibers (NP) are further divided into
3: NP1 involved in neuropathic pain and itch, NP2 involved in
acute itch, for example, histaminergic itch, and NP3 involved in
inflammatory itch, for example, serotoninergic itch[11].

Local analgesics (eg, lidocaine) have been known as a potent
blocker of the voltage-gated sodium channels (Nav)[12,13] and
Nav channels are expressed by all the fibers mentioned above[11].
Hence local analgesics can be used as potent modulators of
cutaneous sensory modalities[14,15].

A 70-year-old study by Cormia and Kuykendall[16], investi-
gating histamine effects and interactions in various experimental
conditions, showed that heat pain applied on top of anesthetized
skin evoked a paradoxical sensation of itch when the anesthesia
started to wearing off. This effect has not been validated in later
studies using more modern sensory assessment methodologies.

The aim of this study was to analyze evoked itch and pain
sensations from cutaneous anesthetized skin using heat pain sti-
muli of different intensities (Methods, Supplemental Digital
Content, http://links.lww.com/ITX/A14).

Results

Pain intensity analysis

In the area treated with saline, the analysis of the pain sensation
revealed increasing pain sensation with increasing temperature,
inmany cases the participants stopped voluntarily the stimulation
before the end due to unbearable pain. Furthermore, we observed
no difference in pain intensity between saline and lidocaine
treatments, when the stimulation applied was in the innocuous
range (38–42 °C, Fig. 1 A). A significant difference was noted
when the temperature was in the painful range (42.2–46 °C) only
after 40 minutes from the intradermal injection, showing a
decrease in the area under the curve in the lidocaine area
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compared with saline area (Fig. 1 B). Finally, in the noxious
temperature range (46.2–50 °C), there was a significant difference
in the pain perception in the first 15 and 40 minutes after the
treatment, between the saline and lidocaine intradermal injection
(Fig. 1 C), showing, as expected, a decrease in area under the
curve in the lidocaine area compared with saline area.

Itch intensity analysis

The analysis of the itch sensation revealed a low level of itch
perception throughout all the temperature ranges, treatments,
and timepoints. Consequently, no statistically significant differ-
ences were shown in any of the condition analysed (Figs. 2 A–C).
These results indicate that the application of an innocuous or
noxious thermal stimulus on a previously anaesthetized skin area
was unable to evoke a sensation of itch.

Discussion

Decreased pain intensity

As expected intradermally injected lidocaine reduced the thermal
pain sensitivity[17]. This effect was specifically observed when the
temperature was in the noxious range (46.2–50.0 °C) and in the
first 15 minutes following the anesthetization. This data suggests
that the analgesic effect induced by lidocaine, after 15 minutes

subsided enough to not being able to reduce heat pain perception.
A previous study showed how the anesthetic effect developed
after lidocaine intradermal injection was present 20 minutes after
the injection and absent 120 minutes after[17]. Moreover, Cormia
and Kuykendall[16] waited exactly 15 minutes before, as they
stated, assessing the paradoxical itch sensation.

In addition, exactly 40 minutes after the treatment with lido-
caine it was noticed a lower heat pain perception compared with
saline, at the different temperatures’ ranges (42.2–46.0 °C, and
46.2–50.0 °C).

Unaltered itch intensity

It has been shown that NP have their terminals in the superficial
epidermis while peptidergic fibers’ terminals are in the deep
epidermis[18,19]. In the present study, intradermal injections of
lidocaine were used rather than lidocaine patches in order to
attempt blocking only the upper most layers of the dermis. Our
hypothesis was that the most superficial NP (itch sensitive) would
recover their ability to conduct the signal faster compared with
the lower located peptidergic fibers (thermosensitive) leading to
paradoxical itch sensation.

Contrarily to the previous study[16], a painful heat stimu-
lation applied on top of local anesthetized skin did not evoke a
paradoxical itch sensation in the present controlled study. In
this study, 41 °C was used for stimulation which resulted

Figure 1. Temporal profiles of pain ratings at different temperature ranges, analyzed as area under the curve (AUC). A, Pain at 38–42 °C; B, 42.2–46 °C; and C,
46.2–50 °C. **P< 0.01, ***P<0.001. On x-axis time expressed as minutes after the treatment, red line saline treatment, blue line lidocaine treatment.

Figure 2. Temporal profiles of itch ratings at different temperature ranges, analyzed as area under the curve (AUC). A, Itch at 38–42 °C; B, 42.2–46 °C; and C,
46.2–50 °C. On x-axis time expressed as minutes after the treatment, red line saline treatment, blue line lidocaine treatment.
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“in a decided sensation of burning” pain. It could be that this
“burning” sensation was characterised as an itch sensation in
their set-up.

Intriguingly, it could be that when Cormia and Kuykendall
were testing the presence of anesthesia, using pinpricks stimuli,
they accidentally evoked alloknesis, leading to believe that they
were observing itch sensation. In this study anesthetization was
not tested by pinpricks rather it was tested intrinsically by the
ramping heat stimuli and the associated pain rating.

Limitations

This study deliberately focusses on a small portion of the original
study by Cormia and Kuykendall, while the latter is one of the
first and fundamental investigation regarding the effects of his-
tamine. Most of the data reported in that study are still extremely
valid (and frequently observed and replicated) to this day.
Furthermore, itch was not rated using a VAS scale and thus it was
more a qualitative response rather than a quantifiable and mea-
surable response.

Few other considerations can be made. First, although the
same experimenter did all the intradermal lidocaine injections it is
difficult to ensure the exact same blocking profile across subjects.

Second, the heat ramp hereby used is different from the sti-
mulation used by Cormia and Kuykendall as they used radiant
heat to maintain a constant superficial skin temperature at 41°
C[16], which is considered below the HPT.

Third, we used lidocaine as opposed to procaine used in the
original study. Although, there is a lack of studies comparing the
effect of intradermal injection of lidocaine versus procaine, it is
known that lidocaine is able to evoke a longer and stronger
anesthetization[20]. Therefore, the different anesthetic used in this
study may have influenced the recovery capacity of the NP.

Lastly, the study included 2 different VAS scales and con-
comitant ratings of itch and pain may challenge some volunteers.

Conclusions

No paradoxical itch sensation could be evoked by experimental
heat stimuli of increasing intensity when applied to a skin area
anesthetized by intradermal injected lidocaine.
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