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Abstract
Introduction: The capsaicin 8% patch is a treatment option in patients with localized peripheral neuropathic pain. Better
understanding of its mechanisms of action and knowledge on predictive biomarkers for a treatment response is warranted.
Objectives: Touseelectrically evokedpain-relatedpotentials for investigationofA-delta fiber conductionafter capsaicin8%patch treatment.
Methods:We studied 11 healthy controls at the dorsal hand and the foot and 12 patients with neuropathic pain at the area affected
by neuropathic pain before and 2 hours after application of a capsaicin 8% patch (Qutenza). Patients were additionally phenotyped
using quantitative sensory testing and skin biopsy.
Results: Peak-to-peak N1-P1 amplitudes (PPA) were reduced after Qutenza application by a median of 60% in 6/11 controls and
by 33% in patients with neuropathic pain compared with baseline; they were increased in 3 controls that did not develop capsaicin-
induced pain. Patients with elevated cold detection thresholds more often had reduced PPA after Qutenza than those with normal
cold detection threshold. Patients with reduced PPA after capsaicin application andwith capsaicin-induced pain weremore likely to
achieve pain reduction on Qutenza.
Conclusion: The capsaicin 8% patch induces a reduction in A-delta PPA in healthy persons and in patients with neuropathic pain
adding to the mechanistic understanding of its effect.
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1. Introduction

The transdermal capsaicin 8% patch (Qutenza) containing 179mg
capsaicinwas launched in 2009 for focal peripheral neuropathic pain
syndromes.31 Capsaicin is a natural ligand of the transient receptor
potential vanilloid 1 (TRPV1) channel, a nonselective cation channel
of major importance in pain perception.2 TRPV1 is expressed on A-
delta and C-nerve fibers, which can be activated in the skin by
transdermal capsaicin. After an initial excitation of the cutaneous
nociceptors with additional burning pain reported by a subgroup of
treated patients, intraepidermal axons retract and become “de-
sensitized.”29 Topically applied capsaicin increases thermal percep-
tion thresholds as measured with quantitative sensory testing (QST)

in parallel to nerve fiber degeneration, sparing A-beta fiber
function.13,19,23 Although in healthy controls cutaneous nociceptors
regenerate within 24 weeks after treatment with the capsaicin 8%
patch,12 nerve fiber regeneration kinetics are unknown in patients
with neuropathic pain.

As with other costly drugs, it would be useful to know predictive
factors for the response to Qutenza. In a post hoc analysis of clinical
trial data, the efficacy of lidocaine pretreatment and high pre-
treatment variability of pain intensity were predictive of a positive
capsaicin response.20 A meta-analysis of 6 Qutenza trials identified
a lower pain score as response predictor in patients with
postherpetic neuralgia and HIV-neuropathy, and additionally female
sex, absence of allodynia, and the presence of hypoesthesia as
predictors in postherpetic neuralgia.10 In a prospective study,
a shorter pretreatment pain duration was suggested a response
predictor.17 Using QST, the presence of mechanical and cold
hyperalgesia was predictive for capsaicin 8% patch responders.18

Given these heterogeneous reports, we hypothesized that
knowledge on the electrophysiological properties of nociceptors
exposed to capsaicin 8% might help to better understand the
mechanisms of capsaicin analgesia and potentially identify
objective predictors. To achieve this, we assessed A-delta nerve
fibers and their ascending tracts using electrically evoked pain-
related potentials (PREPs) before and after topical capsaicin 8%
patch application in control subjects and patients with neuro-
pathic pain. We hypothesized that either baseline PREP
parameters or the change of PREP after treatment would
differentiate responders from nonresponders.
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2. Patients and methods

2.1. Healthy controls and patients

In this case series, we investigated 11 healthy volunteers and 12
patients with focal neuropathic pain at the lower extremities who
received capsaicin 8% patch treatment at our Department of
Neurology, University of Würzburg, Germany, between 2013 and
2017. The control group consisted of 8 women and 3 men with
a median age of 49 years (23–70) reporting no neurological or
other diseases and no pain. The patient group comprised 4
women and 8 men with a median age of 66 years (46–83)
suffering from neuropathic pain of different etiologies at the lower
extremities. Patients were investigated during a routine ambula-
tory appointment at our department where they receive a 3-
monthly capsaicin 8% patch application. Treatment effect was
assessed during an interview at the following regular appointment
3 months later. A positive treatment response was recorded if the
patient’s pain on a numeric rating scale (NRS, 0–10) was reduced
by $2 points. This definition was chosen according to
literature5,27 and the clinical effect by pain reduction in everyday
life reported as “relevant” by our patients. Our study was
approved by the Würzburg Medical Faculty Ethics Committee
and subjects gave written informed consent before inclusion.

2.2. Quantitative sensory testing

Quantitative sensory testing (Somedic, Hörby, Sweden) was
performed as described earlier35 at the dorsal foot of 8/11 (73%)
healthy controls and in 8/12 (67%) patients as part of diagnostic
work-up. Cold detection threshold (CDT) and heat detection
threshold, the ability to detect temperature changes (thermal
sensory limen), mechanical detection and pain thresholds,
mechanical pain sensitivity, pressure pain threshold, paradoxical
heat sensation, and vibration detection threshold were de-
termined following the standardized procedure of the German
Research Network of Neuropathic Pain (Deutscher Forschungs-
verbund Neuropathischer Schmerz, DFNS).26

2.3. Pain-related evoked potentials

Pain-related evoked potentials were recorded as previously
described.35 Potentials were elicited by consecutive stimulation
at the area of interest with superficial concentric planar electrodes
(Inomed Medizintechnik GmbH, Lübeck, Germany) and using
a stimulator (Digitimer DS7A, Welwyn Garden City, United
Kingdom). Potentials were recorded from Cz using a subcutane-
ously placed needle electrode referred to linked earlobes (A1–A2)
of the international 10 to 20 system. Signal Software (Version 2-
16; Cambridge Electronic Design, Ltd, United Kingdom) was
used for data acquisition. Twenty triple pulses with twice the
intensity of the individual pain threshold, a duration of 0.5
milliseconds, and a random interstimulus interval of 15 to 17
seconds were applied to avoid habituation. To achieve similar
attention levels, we asked all subjects to lightly close their eyes
during the recordings, count the stimulations applied, and rate
the painfulness of the pin-prick sensation.

Pain-related evoked potentials were recorded using the
following setting: gain:35000, bandwidth: 1 Hz to 1 kHz, sweep
length: 400 milliseconds, and digitalization sampling rate: 2.5
kHz. Individual pain thresholds were determined by triple
stimulation of the area of interest twice with increasing and
decreasing current intensities until the subject reported a pin-
prick sensation. The average value was determined as the
individual pain threshold. The upper limit for PREP stimulation

was set at 2.4 mA to avoid A-beta fiber stimulation. Two sets of
averaged curves (from n 5 10 single sweeps each) were
investigated for reproducible N1- (ie, first negative peak), P1-
(ie, subsequent positive peak) latencies, and N1-P1 peak-to-
peak amplitudes (PPA) using MATLAB software (Version
7.7.0.471; The MathWorks, Ismaning, Germany). The early N1-
P1 complex of the PREP potential obtained from above Cz was
used instead of the later N2-P2 complex in accordance with
PREP literature.22,24,25 All PREP records were individually and
manually evaluated by an investigator blinded to subjects’
identity; data were assessed off-line using coded files.

2.4. Skin punch biopsy

Intraepidermal nerve fiber density (IENFD) was determined on 5-
mm skin punch biopsies obtained from the lateral lower leg and
the lateral upper thigh of 9/12 (75%) patients as part of diagnostic
work-up. Skin samples were processed as reported previously.33

Fifty-micrometer skin sections were immunostained with anti-
bodies against the pan-axonal marker protein-gene product 9.5
(1:1000; Ultra-clone, Isle of Wight, United Kingdom); an
appropriate fluorescent secondary antibody was applied (Cy3,
1:100; Dianova, Hamburg, Germany). Intraepidermal nerve fiber
density was determined using a fluorescence microscope
(Axiophot 2; Zeiss, Oberkochen, Germany) with an Axiocam
MRm camera (Zeiss) and SPOT software (Diagnostic Instru-
ments, Inc, Sterming Heights, MI) following published counting
rules.14

2.5. Investigation of control subjects

The study protocol of control subjects followed the algorithm
illustrated in Figure 1. Pain-related evoked potential stimulation
was performed at the dorsal second phalanx of the index finger of
the nondominant hand or the sole of the right foot before and after
capsaicin 8% patch (Qutenza; Astellas, Munich, Germany)
application. Six controls were treated at the hand; 5 controls
agreed to treatment at the foot. The experiment started with
a baseline PREP recording. In addition, baseline mechanical
sensitivity of the test area was assessed using a von Frey filament
(0.25 g). The test area was then pretreated with
lidocaine–prilocaine cream 2.5%/2.5% (Emla; AstraZeneca
GmbH, Wedel, Germany) for 1 hour. After washing off the cream,
a 1 3 2 cm stripe of capsaicin 8% patch was applied for 1 hour
following the manufacturer’s instructions. After another wash off
and 2 further hours, a second PREP recording was performed
and mechanical sensitivity was tested with the von Frey filament
(0.25 g).Measurements (PREP, von Frey) were repeated at days 3
and 7 after capsaicin 8% patch application in controls treated at
the hand. At all test time points, subjects were also asked to
report patch effects.

2.6. Investigation of patients with neuropathic pain

Patients were investigated after the protocol illustrated in
Figure 1. Pain-related evoked potential stimulation was per-
formed at the individual painful body area before and after
capsaicin 8% patch (Qutenza; Astellas) application. This was the
plantar surface of the foot in all cases but one; 1 patient had pain
at the infrapatellar region and received capsaicin treatment and
PREP stimulation there. The experiment started with a baseline
PREP recording. Afterwards, the test area was pretreated with
lidocaine–prilocaine cream 2.5%/2.5% (Emla; AstraZeneca
GmbH) for 1 hour. After washing off the cream, the respective
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body area was covered with a capsaicin 8% patch for another
hour according to the manufacturer’s instructions. After wash off
and 2 further hours, a second PREP recording was performed.
Patients were interviewed about the individual treatment re-
sponse at their regular visit at our department 3 months later. A
responder was defined as a person who reported a reduction of
$2 on the NRS or, if the NRS score was not available, at least
“moderate” pain relief.

2.7. Statistical analysis

We used IBM SPSS Statistics Version 24.0 (IBM, Ehningen,
Germany) for statistical analysis; for graph design, additionally
GraphPad Prism 3.0 (San Diego, CA) was used. For group-wise
comparisons, the nonparametric Mann–Whitney test was used
and for correlation analysis, the Spearman correlation coefficient
was applied. To detect potential dependency between outcome
parameters, the x2 test was used. P values , 0.05 were
considered significant.

3. Results

3.1. Capsaicin 8% patch tolerability and effect

Table 1 summarizes the characteristics of the study cohort;
Table 2 gives patients’ individual data. Healthy controls tolerated
capsaicin 8% patch application well; however, the majority
reported mechanical hyperalgesia and/or local erythema (6/11,
55%) accompanied by local burning pain for several days (8/11,
73%; Table 3). Patients reported capsaicin-induced burning pain

in 7/12 (58%) cases; 9/12 (75%) patients experienced a reduction
of initial pain intensity in the days and weeks after treatment
(Table 2).

3.2. Baseline pain-related evoked potential data

Pain-related evoked potentials were obtained in all controls
stimulated at the hand and at the foot, whereas in patients, who

Figure 1. Schematic illustration of the study design for assessment of healthy controls and patients with neuropathic pain. Please note that all patients were
stimulated at the plantar surface of the foot except for 1 patient who had pain in the infrapatellar region. NRS, numeric rating scale; PREP, pain-related evoked
potentials; QST, quantitative sensory testing.

Table 1

Demographic and clinical characteristics of study cohort.

Controls Patients

N 11 13

M, F 3, 8 8, 5

Median age (range), y 49 (23–70) 66 (46–83)

Median duration of pain (range), y NA 6 (1–20)

Median pain intensity before capsaicin 8% patch
(NRS)

NA 8 (5–10)

Median pain intensity in the interpatch interval
after capsaicin 8% patch (NRS)

NA 3 (0–5)

Capsaicin 8% patch responders NA 9/13

Capsaicin 8% patch induced initial pain increase NA 7/13

Median IENFD lower leg (fibers/mm) (range) NA 7 (0–11)

Median IENFD upper thigh (fibers/mm) (range) NA 9 (1–15)

F, female; IENFD, intraepidermal nerve fiber density; M, male; N, number; NA, not applicable; NRS, numeric

rating scale.
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were stimulated at the lower extremities only, PREPs were
available in 9/12 cases (75%). Groupmedian at baseline in control
subjects stimulated at the hand for N1 latencies was 148.85
milliseconds (85.25–161.75 ms), for P1 latencies 195.40 ms
(152.53–252.07 ms), and for PPA 0.05 mV (0.03–0.11 mV). In
controls stimulated at the sole median, N1-latency was 213.4 ms
(171.9–263.1 ms), P1-latency 233.6 ms (207.8–294.5 ms), and
PPA was 0.01 mV (0.001–0.1 mV). Groupmedian for the n5 6 of
9 patients stimulated at the sole of the foot with reproducible
responses was 203.37 milliseconds (135.90–261.79) for N1
latencies, 256.68 milliseconds (187.60–305.50) for P1 latencies,
and 0.04 mV (0.03–0.06 mV) for PPA.

3.3. Capsaicin 8% patch reduces pain-related evoked
potential peak-to-peak amplitude in healthy controls

Pain-related evoked potential recordings after capsaicin 8%
application at the hand and sole gave reproducible results in all
control subjects and at all measurement time points. Although N1
and P1 latencies and PPA of the treated extremity did not differ
before and after capsaicin application (data not shown), PPA was
decreased at 2 hours after capsaicin 8%patch application in 6/11
(55%) controls (Figure 2 and Table 4). Peak-to-peak amplitude
was reduced from baseline by amedian of 60% (31–88). At day 3,
PPA values had returned to baseline in all cases treated at the

hand; no measurements at later time points were available from
controls treated at the soles.

Interestingly, 1 healthy male (stimulated at the hand) and 2
female controls (stimulated at the sole) did not report capsaicin-
induced pain, and in these cases, PPA after treatment increased
from 0.031, 0.0041, and 0.0058mV at baseline to 0.048, 0.0053,
and 0.0082 mV, respectively, 2 hours after capsaicin 8% patch
application. Peak-to-peak amplitude was assessed up to day 7
after capsaicin application at the hand andwas still elevated in the
male subject (0.052 mV). In 2 controls treated at the soles,
capsaicin application did not change PPA at 2 hours (Figure 2).

3.4. Capsaicin 8% patch reduces pain-related evoked
potential peak-to-peak amplitude in patients with
neuropathic pain

Pain-related evoked potential recordings gave reproducible results
at baseline in 8/12 (67%) patients and also at 2 hours after
capsaicin 8% application. In 3 patients, no PREP potentials could
be elicited at baseline and also not after treatment; in 1 patient,
PREPs were lost after capsaicin 8%; and in 1 further patient, PREP
could not be elicited before treatment, but afterwards. AlthoughN1
and P1 latencies did not differ before and after capsaicin 8%
application (Table 5), PPA decreased in 6/9 (67%) patients within 2
hours after treatment (Figure 3). The median PPA reduction in

Table 2

Individual characteristics of study patients.

ID Age (y) Sex Diagnosis Pain
location

Pain duration
(y)

NRS before
patch

NRS after
patch

Patch-induced
pain

Add-on analgesics

P1 75 M Infrapatellar nerve lesion Infrapatellar 3 7 3 No None

P2 46 F Painful axonal neuropathy and
erythromelalgia

Feet 6 5 1 Yes Pregabalin 150 mg/d

P3 76 M Painful axonal neuropathy Feet 7 8 5 Yes None

P4 53 F SFN Feet 7 9 7 Yes Tramadol on demand

P5 55 F SFN Feet 4 10 1 Yes None

P6 72 F Painful axonal neuropathy Feet 6 7 7 Yes None

P7 77 F SCN9A gene mutation Feet 7 7 No None

P8 83 M Painful axonal neuropathy Feet 20 10 0 Yes Gabapentin and tilidine on
demand

P9 56 M Painful axonal neuropathy Feet 5 8 4 No None

P10 75 M Painful axonal neuropathy Feet 7 8 8 No None

P11 59 M Painful sensorimotor neuropathy Feet 1 6 4 No Duloxetine 30 mg/d

P12 56 M Painful sensorimotor neuropathy Feet 2 8 5 Yes Gabapentin 2100 mg/d

F, female; M, male; NRS, numeric rating scale; SFN, small fiber neuropathy.

Table 3

Individual reaction of healthy controls to capsaicin 8% patch application.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

Erythema Yes Yes Yes Yes Yes No No No No No No

Mechanical hyperalgesia Yes Yes Yes Yes Yes Yes No No No No No

Paradoxical heat sensation No No Yes No No No No No No No No

Max. burning pain intensity (NRS) 9 3 7 0 5 1 2 0 3 1 0

Tingling paresthesias No No No No Yes No No No No No No

Pain attacks Yes No No No No No No* No No Yes No

* Temporary pain episode after 12 hours.

C1–C6: stimulated at the hand.

C7–C11: stimulated at the sole of the foot.

NRS, numeric rating scale.
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those 5/7 (71%) patients, inwhomprecapsaicin and postcapsaicin
potentials were available, was 33% (25–50). Pain ratings for the
applied electrical stimulus did not change after capsaicin 8%patch
application (data not shown).

3.5. Patient phenotyping and pain-related evoked potential
parameters do not provide predictors for
treatment response

When assessing responders (n5 9) and nonresponders (n5 3) to
capsaicin 8% patch treatment, 6/9 (67%) patients in the
responder group reported patch-induced pain in contrast to only

1 patient (33%) in the nonresponder group. No differences were
found for age and sex, duration or cause of pain, pain
characteristics, PREP parameters (recordable in 1/3 nonres-
ponders), QST profiles, and IENFD (data not shown). When
regarding CDT, PPA reduction after treatment, distal IENFD, and
pain induced by capsaicin individually, there was a nonsignificant
trend towards more patients with the combination of capsaicin-
induced pain and reduced distal IENFD in the responder group (4/
7 vs 0/2; Table 6, x2 test, P 5 0.167).

Two patients from the responder group reported complete
pain relief while having a maximum of 10/10 NRS pain before
capsaicin (Table 5: #5, #8). In these patients, CDT was normal at
baseline and both reported severe capsaicin-induced pain on the
first day after treatment.

3.6. Thermal perception and A-delta nerve fiber excitability

Baseline analysis of A-delta fiber properties revealed patients with
normal (n5 5) and elevated (n5 4) CDT (ie, reduced sensitivity for
cold stimuli) at baseline. Although PREP parameters did not differ
between these 2 groups (data not shown), N1 positively
correlated with CDT (correlation coefficient 0.778; P , 0.05;
Figure 4). Patients with normal CDT had higher pain ratings
before capsaicin treatment than patients with elevated CDT (P,
0.05; Figure 5A). These patients with normal CDT and higher
baseline NRS also more frequently developed capsaicin-induced
additional pain after treatment (P , 0.05; Figure 5B).

4. Discussion

In this case series, we investigated the effect of capsaicin 8%
patch treatment on A-delta fiber properties in healthy controls and
patients with focal neuropathic pain using PREP recordings. We
did not find direct predictors for capsaicin 8% patch treatment
response; however, we report on an effect of the capsaicin 8%
patch on A-delta fiber evoked potentials, ie, a reduction of PREP
PPA amplitudes. We further provide data on potential patient
profiles that may have a higher chance to benefit from Qutenza.
Thus, patients experiencing capsaicin-induced burning pain after
patch application and with reduced distal IENFD were more
frequently found in our responder group.

Figure 2. Pain-related evoked potential peak-to-peak amplitudes (PPAs) in
healthy controls before and after capsaicin 8% patch treatment. Peak-to-peak
amplitude (N1-P1) decreased within 2 hours after capsaicin 8% patch
application in 5/6 (83%) control subjects (co) treated at the hand (A) and 2/5
controls treated at the foot (B).

Table 4

Individual PREP PPA data of controls before and after capsaicin 8% patch application.

ID PPA (mV)

Before 2 h after 3 d after 7 d after PPA change compared with baseline 2 h after
capsaicin (%)

C1 0.059 0.022 0.074 0.076 263

C2 0.113 0.078 0.140 0.110 231

C3 0.062 0.022 0.077 0.070 265

C4 0.031 0.048 0.044 0.052 155

C5 0.046 0.020 0.057 0.052 257

C6 0.030 0.020 N.A. N.A. 242

C7 0.111 0.013 N.A. N.A. 288

C8 0.0041 0.0053 N.A. N.A. 129

C9 0.007 0.006 N.A. N.A. No change

C10 0.012 0.012 N.A. N.A. No change

C11 0.006 0.008 N.A. N.A. 140

N.A., not assessed; PPA, peak-to-peak amplitude; PREP, pain-related evoked potentials.

C1–C6: stimulated at the hand.

C7–C11: stimulated at the sole of the foot.
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Using PREP, we show that N1 latencies, ie, the duration until
a potential can be recorded from Cz after peripheral stimulation,
correlate with CDT. Thus, impaired cold detection through A-
delta fibers is associated with prolonged PREP N1 latencies. This
finding adds to the evidence that PREPs are based on A-delta

conduction,9,11,15 provided methodological caveats such as
thresholds for stimulation intensities are observed and measures
assuring data reproducibility are taken.

Comparable with numbers reported in previous studies,35

PREP could be elicited after stimulation at the hand and the sole in
all controls, whereas no potentials could be recorded in 4 patients
after stimulation at the foot. Similar to nerve conduction studies,
this may be due to the underlying neuropathy; however, it needs
to be interpreted with caution because other potential confound-
ing factors such as the age difference between our control and
patient group or the presence of pain cannot be excluded.

Besides the fact that pretreatment A-delta fiber impairment
was present only in the patient group, the different PREP
stimulation sites may have had an impact on our results. The
younger median age of our control group may have been another
influential factor changing A-delta fiber excitability. Here, also the
long duration of the refractory phases after TRPV1 channel
activation by capsaicin may be of importance.28 During this
period of “desensitization,” TRPV1 carrying nociceptors cannot
be excited by a wide range of stimuli, potentially including
electrical current30 because the calcium-dependent conforma-
tional changes in the TRPV1 protein close the channel pore.16 It is
possible that these mechanisms are altered in patients with
neuropathic pain. Furthermore, it has to be taken into account
that TRPV1 channels are mostly located on C-fibers, thus our
results may not reflect the entire spectrum.

In our control group, PREPPPA,whichwas reduced at 2 hours
after capsaicin 8% patch application, returned to baseline values
within few days. Because intraepidermal innervation needs

Table 5

Individual PREP data of study patients.

ID PREP baseline PREP after 2 h PPA change baseline vs
2 h after capsaicin (%)

Stimulation site

Stim. intens. (mA) N1 (ms) P1 (ms) PPA (mV) Stim. intens. (mA) N1 (ms) P1 (ms) PPA (mV)

P1 2.25 187.6 216.1 0.01 2.00 194.9 235.5 0.10 1111 Knee

P2 2.40 227.2 277.0 0.03 2.40 — — — 2100 Sole of the foot

P3 2.40 135.9 187.6 0.03 2.40 190.3 225.3 0.02 233 Sole of the foot

P4 2.40 176.5 228.1 0.04 2.40 175.6 231.8 0.04 0 Sole of the foot

P5 2.40 167.3 240.1 0.05 2.40 188.5 242.9 0.03 240 Sole of the foot

P6 2.40 — — — 2.40 197.7 249.3 0.04 1100 Sole of the foot

P7 2.35 187.6 237.3 0.04 2.40 190.3 231.8 0.02 250 Forefoot

P8 2.40 — — — 2.40 — — — NA Sole of the foot

P9 2.40 — — — 2.40 — — — NA Forefoot

P10 2.40 — — — 2.40 — — — NA Sole of the foot

P11 2.40 251.6 301.8 0.04 2.40 239.6 266.8 0.03 225 Sole of the foot

P12 2.40 261.7 305.5 0.06 2.40 273.7 309.6 0.04 233 Sole of the foot

NA, not applicable; PPA, peak-to-peak amplitude; PREP, pain-related evoked potentials; stim.int., stimulation intensity; —, no potential elicitable.

Figure 3. Pain-related evoked potential peak-to-peak amplitudes (PPAs) in
patients with neuropathic pain capsaicin 8% patch treatment. Peak-to-peak
amplitude (N1-P1) decreased in 7/9 patients within 2 hours after capsaicin 8%
patch application. Responders are indicated by thick lines and nonresponders
by dotted lines.

Table 6

Characterization of responders and nonresponders (percentage
of assessable data).

Responders Nonresponders

PPA at baseline 0.04 (0.03–0.06) mV 0.04 (0.03–0.06) mV

PPA reduction 2 h after capsaicin 5/7 (71%) 2/2 (100%)

Capsaicin-induced pain 6/9 (67%) 1/4 (25%)

Distal IENFD reduced 4/7 (57%) 0/2 (0%)

CDT elevated at baseline 4/9 (44%) 1/2 (50%)

CDT, cold detection threshold; IENFD, intraepidermal nerve fiber density; PPA, peak-to-peak amplitude.
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several weeks to recover after high-concentration capsaicin
exposure,12 PREP parameters seem to be independent of the
number of fibers present in the epidermis. This is in accordance
with our previous reports where no correlations could be found
between PREP parameters and skin nerve fiber counts.8,34,35

Rather than the number of fibers present, nerve fiber excitability
based on ion channel presence and activity seems to be crucial
for PREP conductance.

It is an intriguing observation that 1 male and 2 female healthy
controls did not develop any pain or hypersensitivity on capsaicin
8% patch application at all and also did not show a reduction, but
rather a sustained increase in PPA after treatment. These cases
may help to better understand the physiological basis of Qutenza
responsiveness and A-delta properties. We speculate on
physiologically diverse capsaicin susceptibility of TRPV1 recep-
tors. If the receptors can be activated by capsaicin, this leads to
pain. Additional electrical stimulation of these already maximally
activated nociceptors then can only elicit lower PPA than
stimulation of naive nociceptors. By contrast, if the individual
TRPV1 receptors are not susceptible to capsaicin, then no pain
occurs, and the nociceptors can still be stimulated by electrical
current, resulting in normal PPA. Contrary to this speculation, the
patient in the nonresponder group with recordable PREP also
reported no capsaicin-induced pain but showed PPA reduction
within 2 hours after treatment. This, in turn, may be due to the
pathologically altered TRPV1 channels in diseased nociceptors.
Another possibility are genetic alterations changing TRPV1
activation properties and somatosensorics also in healthy
controls.1,6

There are further open questions that need to be considered
when interpreting our data. Although it was shown that capsaicin
reaches the dermal layers of the skin within 30 minutes of
application,36 we did not measure the cutaneous penetration
depth of capsaicin in our subjects. Thus, dermal concentrations
may have been different between the study participants.
Capsaicin may exert its effects depending on the underlying
diagnosis10 and our patient cohort consisted of different di-
agnoses. Effects may change in homogenous large diagnostic
groups. The question, why some patients develop capsaicin-
induced pain and others do not is still open. Here, the receptor
repertoire on the intraepidermal nerve fibers is a crucial factor that
is, however, not easy to assess. It is plausible that pain
syndromes based on the overexpression or overexcitation of
ion channels other than TRPV1 may not respond to capsaicin
treatment. Also, the effects of the surrounding keratinocytes and
fibroblasts that both express TRPV1 channels have not been
taken into account in the studies conducted so far.

One limitation of our study is the low number of subjects
investigated, which has also hampered our analysis for predictive
markers. However, in this small study group, we applied many
tests allowing insights into small nerve fibers from functional,
electrical, and histological perspectives. Another limitation is that
patients were stimulated at different anatomical sites, depending
on their painful area, whereas electrical stimulation was stan-
dardized to the hand and sole in controls. This restricts cross-
comparability of our results, but is of minor relevance when
regarding PREP parameter changes before and after treatment,
which was the main goal of our study. Also, we cannot exclude

Figure 4. Pain-related evoked potential correlations. A) Baseline pain intensity on an 11-point numeric rating scale (NRS) positively correlated with peak-to-
peakamplitude (PPA) after capsaicin application (P, 0.05) and B) baseline N1 negatively correlated with cold perception (P, 0.05). CDT, cold detection threshold.

Figure 5. Subgroup analysis. (A) Patients with normal cold detection thresholds (CDTs) had higher pain ratings on an 11-point numeric rating scale (NRS) before
capsaicin treatment than patients with increased CDT (P , 0.05). (B) Patients with normal CDT and higher baseline NRS more frequently developed capsaicin-
induced additional pain after treatment (P , 0.05).*P,0.05.
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that some of the patients might have had neuropathy of A-delta
fibers, which may have affected the PREP stimulation threshold.

The A-delta selectivity of PREP is still debated.3,4,7 Using low
currents with high current density, the activation of superficial skin
layers is achieved sparing deep skin containing A-beta fibers. This
is based on the small anode-to-cathode distance of the
concentric electrodes. Pain-related evoked potential stimulation
causes a pin-prick sensation that is typically conducted by A-
delta fibers. Also, the nerve conduction velocity of the in-
vestigated fibers that are stimulated by the concentric electrodes
is typical to those of A-delta fibers (unpublished own data9,15,21),
both when recorded from above Cz and when recorded
contralaterally from above C3 or C4 after stimulation in the
innervation territory of a peripheral nerve (unpublished own data).
There is also increasing evidence for the high test–retest reliability
of PREP recordings.25 Thus, although PREP is prone to artifacts,
and A-beta fiber activation may occur when not observing caveat
such as low-current intensity, a predominant A-delta fiber
stimulation can be assumed.

Pain-related evoked potential amplitude reduction was most
prominent at 2 hours after Qutenza which theoretically may have
been due to pain caused by capsaicin; however, only a subgroup
of subjects developed Qutenza-induced pain. We can only
speculate at this point, but assume a relevant influence of the
individual genetic background determining ion channel activity and
excitability as has been shown for capsaicin-induced changes in
thermal perception thresholds of healthy controls carrying different
allele variants of a TRPV1 polymorphism.6 Although we cannot
completely exclude the influence of attention, we tried to control
this confounding factor by asking the patient to lightly close their
eyes during the recordings, count the stimulations applied, and
rate the painfulness of the pin-prick sensation; this should lead to
comparable attention levels in all subjects. To avoid habituation,
PREP stimulations were applied with a random and various
interstimulus interval of 15 to 17 seconds.

Pain-related evoked potential proves to be a reliable A-delta
test that shows capsaicin-induced reduction in PPA in healthy
controls and patients with neuropathic pain. To predict a capsa-
icin response, a set of A-delta properties may be more promising
than the search for single predictors, which we also could not
detect here. Our data parallel a previous study using laser-evoked
potentials (LEPs) to stimulate A-delta nerve fibers and assessing
the effect of tramadol on LEP parameters.32 Interestingly,
tramadol also led to a reduction in LEP amplitudes in healthy
controls, which was partially reversed by naloxone. Thus,
assessment of PREPs may become a valuable tool to decipher
the underlying mechanisms of topically applicable drugs.
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