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BACKGROUND: The efficiency of inhibitory pain descending pathways
(evaluated using conditioned pain modulation [CPM]) has not been stud-
ied in postherpetic neuralgia (PHN).

OBJECTIVE: To compare CPM in PHN patients with healthy controls.
METHODS: Nine PHN patients and nine control individuals were matched
according to age and sex. Amplitudes of cortical thermal-evoked potentials
were recorded on the surface of the scalp; clinical pain and thermal pain were
evaluated on a O to 10 numerical rating scale, at baseline and at intervals dur-
ing the 6 min after CPM (elicited by a cold pressor test, 8°C). A battery of
cognitive tests was performed. Amplitude differences, percentages and related
areas under the curve (AUCp,,) were calculated and all data were compared
between both groups; P<0.05 was considered to be statistically significant.
RESULTS: AUCpp 106 min Was significantly lower in PHN patients com-
pared with controls (-39+51 pV/min versus —144+66 pV/min; P=0.0012)
and correlated (P=0.04) with clinical pain intensity. Pain ratings before
CPM were similar in both groups but were significantly lower in the con-
trol group 3 min after the cold pressor test. Cognitive test results were not
significantly different.

CONCLUSION: Psychophysical and electrophysiological approaches have
shown that patients with PHN exhibit a deficiency of pain inhibition modula-
tion, which could signal a predisposing factor to developing chronic pain. This
deficiency was not linked to the cognitive performance but rather to subtle in
situ cognitivoemotional adaptations, which remain to be investigated.
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Laltération de la modulation de la douleur chez
des patients ayant une névralgie postherpétique

HISTORIQUE : Lefficacité des voies descendantes inhibitrices de la
douleur (évaluée par la modulation conditionnée de la douleur [MCD]) n’a
pas été étudiée dans les cas de névralgie postherpétique (NPH).
OBJECTIF : Comparer la MCD chez les patients souffrant de NPH a des
sujets témoins en santé.

METHODOLOGIE : Neuf patients ayant une NPH et neuf sujets
témoins ont été appariés selon I’Age et le sexe. Les chercheurs ont consigné
I'amplitude de leurs potentiels évoqués corticaux par les stimulations ther-
miques a la surface du cuir chevelu et évalué leur douleur clinique et ther-
mique sur une échelle numérique de 0 a2 10 en début d’étude et a divers
intervalles pendant les six minutes suivant la MCD (causée par un test au
froid a 8 °C). Ils ont effectué une batterie de tests cognitifs. Ils ont calculé
les différences et les pourcentages d’amplitude ainsi que les aires sous la
courbe connexes (ASCyp) et comparé toutes les données entre les deux
groupes. Un P<0,05 était considéré comme statistiquement significatif.
RESULTATS : LASCy4cpo_gmin €tait significativement plus faible chez
les patients ayant une NPH que chez les sujets témoins (-=39+51 pV/min
par rapport 2 —144+66 pV/min; P=0,0012) et corrélée avec 'intensité de la
douleur clinique (P=0,04). Lévaluation de la douleur avant la MCD était
similaire dans les deux groupes, mais significativement plus faible dans le
groupe témoin trois minutes apres le test au froid. Les résultats des tests
cognitifs n’étaient pas différents sur le plan statistique.

CONCLUSION : Les approches psychophysiques et électrophysiologiques
ont démontré que les patients ayant une NPH présentent une carence de
modulation de I'inhibition de la douleur, qui pourrait signaler un facteur
prédisposant aux douleurs chroniques. Cette carence n’était pas liée a la
performance cognitive, mais a de subtiles adaptations cognitivo-affectives
in situ qui n’ont pas encore été explorées.

bnormal pain modulation has been described in various disease

states such as fibromyalgia (1-3), irritable bowel syndrome (4-7),
temporomandibular disorders (4,8-10) or tension-type headache (11).
Pain modulation has, however, been little explored in neuropathic pain
conditions (12-16) and published reports have not specifically studied
postherpetic neuralgia (PHN). PHN is a neuropathic type of pain that
appears in the dermatomes affected by the reactivation of the herpes
zoster virus in the dorsal root ganglion. PHN develops in 10% to 28% of
patients with herpes zoster virus, especially in older individuals (17,18),
and presents with characteristics of neuropathic pain including variable
degrees of allodynia and hyperalgesia. PHN is associated with a con-
siderable amount of persistent pain and greatly impacts functional status
and quality of life (19,20). The reasons why shingles develops into PHN
in some patients are still undetermined, but the intensity of acute shin-
gles pain, the large area of rash and age may be predicting factors of the
severity of PHN, while the early use of antiviral (21) and analgesic drugs
(22) may reduce the incidence of PHN; however, studies have shown
contradictory results (23). Apart from these factors, in light of the
abnormal modulation of pain shown already in idiopathic pain syn-
dromes and in the specific condition of chemotherapy-induced neurop-
athy (16), we hypothesized that PHN patients could also have an
abnormal activity within diffuse noxious inhibitory controls (DNIC).
Such a dysfunction could explain interindividual variability in pain
severity and in developing PHN and, conversely, chronic pain could

also generate a diminution of conditioned pain modulation (CPM)
functionality, resulting in a vicious cycle. Descending pain pathways
originate in brainstem nuclei, the hypothalamus and the cortex, and
interact with afferent fibres, interneurons and projecting neurons in the
dorsal horn of the spinal cord. It is possible to stimulate these descending
inhibitory pathways in human experimental pain studies by submitting
a subject to an intense painful stimulus such as a painful cold sensation
(the cold pressor test). According to recent expert recommendations
(24), this inhibitory phenomenon, the DNIC-like effect (25,26), also
known as CPM, has been studied with a psychophysical and/or objective
electrophysiological approach in a number of publications (5,27-30).
CPM is also influenced by higher-order cognitive and affective activity
(27,29,31), which contribute to abnormal pain regulation.

The aims of the present study were to assess pain and CPM efficiency
in patients with PHN compared with healthy controls. Furthermore,
considering that induced analgesia may also be influenced by higher-order
cognitive processes, the present study also aimed to assess whether cogni-
tive status correlates with CPM in patients with PHN.

METHODS
Study
The present prospective, controlled study was performed in the
Clinical Pharmacology Centre, University Hospital of Clermont-
Ferrand, France. The study was approved by the Ethics Committee,
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was declared on clinicaltrials.gov (NCT01053845) and followed stan-
dardized ethical and safety Good Clinical Practice Guidelines.

Participants

Patients were recruited from the pain clinic and were included after
signing an informed consent form, and if they fulfilled the International
Association for the Study of Pain criteria for PHN, with a history of
shingles followed by persistent pain with a pain intensity of >4 of 10 on
a numerical rating scale (NRS). Patients were instructed to continue
using their medications before the beginning of the study, but to stop
taking them from 19:00 the day before the tests; usual treatment was
resumed immediately after completion of the tests. Patients with any
change in drug treatment over the previous two months and neuro-
pathic pain duration >5 years or <6 months were excluded. Healthy
volunteers were not allowed any medication for one month before the
test and exclusion criteria for both groups included any impairment of
eyesight or colour vision (for cognitive tests). For each PHN patient, a
healthy volunteer matched for age and sex was concomitantly included.

Study design

Participants were comfortably installed in a quiet room after a standard
clinical examination and were asked to rate their mean clinical pain
over the past week on an NRS that ranged from O (absolutely no pain)
to 10 (worst pain imaginable). The first test consisted of recording corti-
cal evoked potentials during application of a thermode on the dominant
forearm and was followed by a cold pressor test (CPT) on the controlat-
eral arm. Stimuli were applied on a nonpainful area because all patients
were experiencing thoracolumbar neuropathic pain. From the end of the
CPT, cortical evoked potentials were recorded at baseline (t0) and up to
6 min (1 min, 2 min, 3 min and 6 min after the end of CPT, labelled t1,
t2, 3 and t6) to evaluate the impact of the CPT on the descending
pathways. Thermal pain intensity was recorded using the NRS. The
study hypothesis postulated that a lesser modulation of pain and a
diminished CPM response would be observed in PHN patients.

Cortical evoked potentials

Cortical pain waveforms were recorded using pain evoked potentials
(contact heat evoked potential stimulator [CHEPS], Medoc Ltd,
Israel); the amplitude of the signal (N2P2 wave) was the main evalua-
tion criteria. The CHEPS rapidly stimulates cutaneous small nerve
fibres (32), and resulting evoked potentials can be recorded from the
scalp. It was connected to Viking Select (Viasys Healthcare, USA).
The procedure was adapted from that described by Granovsky et al
(33) and is commonly used for experimental pain studies. The applied
stimulation methodology is widely used for selective stimulation of
small mylenated fibers inducing A-delta evoked potential. The
thermode was applied on the volar side of the dominant forearm and
the thermode temperature increased from 35.0°C to 51.0°C; this
stimulus generates a very rapid pin-prick sensation. The thermofoil
permitted a heating rate of up to 70.0°C/s and the Peltier device
allowed a cooling rate of 40.0°C/s. The baseline temperature was
35.0°C and the peak temperature was reached in <200 ms. Each stimu-
lus block consisted of six constant-intensity stimuli applied to the
same site at pseudorandom interstimulus intervals of approximately
15 s. The thermode remained at the same site during each block. This
adaptation of a published protocol (31) may be a limitation to the
present study; however, in a number of pilot studies performed by the
team, sensitization of the skin and/or a blunting of pain integration
after 25 stimuli was observed even when moving the thermode
between stimuli. The first stimulus was discarded from the analysis
because of possible expectation, surprise or novelty effects on the par-
ticipant. The mean was calculated on the five following stimuli.
CHEPS were recorded from six midline electrodes and data recorded
from the Cz (vertex) position were analyzed. Linked earlobe electrodes
served as reference and the impedance from all electrodes was <5 kU.
Arm stimulations evoked well-defined potentials in all participants.
The average amplitude values of both negative and positive compon-
ents of the wave forms were recorded and the peak-to-peak N2P2
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amplitude (in pV) was taken as the main evaluation criterion of pain
integration at central level (32).

CPT

The CPT consisted of immersion in a bath of circulating water main-
tained at 8°C. The standardized instructions for the procedure directed
participants to keep their hand in the water for 120's, but explained that
if the sensation became intolerable, participants could remove their
hand at any time. After completion, participants immersed their hand
in a warmer bath for 1 min and were then given a heated towel to warm
and dry their hand. Previous research (34), including the authors’ (35),
have shown that the CPM effect (evaluated by pain thresholds or pain
intensity changes) fades gradually after cessation of the conditioning
stimulus and that it returns to baseline values within approximately
5 min to 8 min after stimulation (36). Using thermal evoked potentials
in young healthy volunteers, the authors have shown in healthy volun-
teers (unpublished data) that the amplitude of the N2P2 wave dimin-
ishes during the CPT at 8°C and that reversal of CPM is completed
6 min after the end of the CPT.

Pain N2P2 amplitude and pain intensity by NRS were then
assessed 1 min, 2 min, 3 min and 6 min after the end of CPT. After
completion of the tests, participants were allowed to rest, were pro-
vided with a snack and cognitive tests were then performed.

Cognitive tests
A program of tests was set up on the Cambridge Neuropsychological
Test Automated Battery (Cantab, United Kingdom) and included
reaction time, semantic memory, decision-making and spatial memory.
The subject taking these tests interacts with the computer system via
a touch screen under the supervision of a clinical research assistant.
Choice Reaction Time (RTI) is an attention test that measures
speed of response and movement in a five-choice paradigm. The out-
come measure is the five-choice reaction time (RTI; in ms), ie, the speed
with which the subject releases the press pad button in response to a
stimulus in any one of five locations. Semantic memory was explored
using the Graded Naming Test (GNT), which provides a measure of
semantic memory by assessing object naming ability. The test consists of
naming a number of drawings with increasing difficulty levels. The
GNT per cent correct outcome measure reports the percentage of
objects correctly identified by the subject. Decision making with the
Information Sampling Task (IST) tests impulsivity and decision making.
IST is a task designed to measure predecisional processing, in which the
subject gathers and evaluates information before making a decision.
Inadequate reflexion means that decision will be made on the basis of
less evidence and, therefore, will reduce the accuracy of the eventual
decision. The subject is instructed that he/she is playing a game for
points, which he/she can win by making a correct decision about which
colour is mainly displayed under the grey boxes on the screen. The out-
come measure chosen is the number of discrimination errors, ie, the
number of trials in which the subject chose a colour and made a decision
that was not logically based on evidence available to the subject at the
time. Spatial working memory and spatial learning were evaluated using
the Stockings of Cambridge (SOC) test, a test of spatial planning and
working memory. The subject is shown two displays containing coloured
balls and must use the balls in the lower display to copy the pattern
shown in the upper display. The chosen outcome measure for the SOC
test is the mean initial thinking time (ms) and gives an indication of the
time taken to plan the problem solution.

Statistical analysis

The number of patients was calculated from previous data obtained in
the authors’ laboratory involving thermal evoked potentials, with a
mean (+ SD) N2P2 amplitude of 22.33uV+7.51 pV, an expected varia-
tion of 15 uV, an alpha risk of 5% and beta risk of 5%, giving a power
of 95%. Data analysis was performed using SPSS (IBM Corporation,
USA). The amplitude (A; pV) of the evoked potential and the pain
intensity (NRS) were recorded at each timepoint. The N2P2 ampli-
tude difference (Ad; 1V) between each time point (tl, t2, t3 and t6)
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TABLE 1
Psychophysical data showing pain evaluation according to
numerical rating scale (NRS) and following cold pressor

Postherpetic neuralgia modulation

TABLE 2
Electrophysiological data showing amplitude and latency
of evoked potentials waves

test (CPT) Control PHN P
Control PHN P Amplitude, pVv
Clinical pain NRS 5.7+1.3 t0 27.316.8 25.5+8.8 0.63
Thermal stimulus NRS t1 16.8+8.5 20.8+8.7 0.02
t0 3.7£0.5 4.4+1.6 0.18 t2 15.6+6.4 23.0£5.0 <0.001
t1 3.4£0.7 4.4+2.0 0.36 t3 13.747.5 22.5+9.2 <0.001
t2 3.0£0.5 4.2+1.3 0.39 t6 26.8+5.9 26.419.1 0.58
t3 2.0£0.8 4.0+0.8 0.03 Amplitude difference, pVv
t6 3.1+1.1 4.0+1.0 0.33 t1-t0 -11.245.5 —4.746.2 0.21
End of CPT NRS 6.7£1.9 6.0+2.3 0.51 t2—t0 -11.7£4.9 -2.5£5.7 0.04
Latency withdrawal, min 1:48+0:26 1:48+0:38 1.00 t3—t0 -13.7+2.8 -2.943.9 0.03
Data presented as mean + SD unless otherwise indicated. PHN Postherpetic t6—t0 -0.5£3.1 0.9+2.0 0.48
neuralgia; t0, t1, t2, t3 and t6 Time 0 min, 1 min, 2 min, 3 min and 6 min after Amplitude difference, %
end of CPT t1-t0 —41.1+20.2 -18.7+25.3 0.17
and baseline (t0), the percentage of amplitude difference (% ampli- 120 —42.9+16.9 —6.5417.9 0.005
tude difference = Ad x 100/At0) were calculated and the area under 310 -52.2¢15.7 -11.7+16.8 0.001
the curve (AUCqpy) of Ad was calculated for each group for the t6-10 -0.5£13.3 3.3t8.3 0.51
entire period of the experiment from tO to t6 (0 min to 6 min). Latency, ms
Statistical differences between PHN patients and healthy control t0 478.2+43.2 431.8+91.4 0.16
individuals were established using a repeated-measures ANOVA fol- t1 492.2+65.1 449.6+101.5 0.29
lowed by a Tukey-Kramer post hoc (multiple comparisons) test. These t2 490.5+84.6 451.1£99.9 0.25
analyses were completed using mixed models taking into account 3 482.3+100.4  461.1+98.2 0.52
between- and within-subject variability (random effect); the inter- 6 478.9477.7 462.04112.9 0.68

actions time % group (PHN patients or healthy controls) were studied
and presented when appropriate. Residual normality was checked for
these models. Concerning intragroup comparisons, usual paired tests
(paired t test or Wilcoxon test) were used considering a type I error
inflation (Bonferroni correction). All results were expressed as mean
+ SD. The correlation between clinical pain obtained by NRS before
the experiment and the AUC was analysed using Pearson correlation
coefficient and linear regression. The tests were two-sided, with a type
[ error set at a=0.05.

RESULTS

Nine healthy volunteers and nine patients with peripheral PHN
(thoracolumbar distribution; none had ophthalmic or upper limb
PHN) were recruited from the pain clinic. Data from these 18 partici-
pants (mean age 67+4 years), nine with PHN (mean age 67+4 years)
and nine healthy volunteers (mean age 65+5 years), matched accord-
ing to age (no significant difference) and sex (10 women; no signifi-
cant difference), were analyzed. All patients reported a history of
shingles followed by persistent pain with neuropathic characteristics
(mean NRS 5.7+1.3; Douleur Neuropathique 4 questionnaire score
8+1) and allodynia (stroking of the skin evoked a painful sensation)
for a mean of 47+8 months.

A number of parameters (Table 1), including baseline thermal pain
NRS score, end-of-immersion thermal pain intensity with the
thermode at 51°C and latency before withdrawal of the hand in the
CPT, were not significantly different between PHN patients and
controls.

At t3, thermal pain intensity (2.0+0.8) for healthy control subjects
differed significantly from that at baseline (3.7+0.5) (P<0.05). For
PHN patients, pain intensity at tl, t2, t3 and t6 did not differ signifi-
cantly from those at baseline. These results were confirmed by inter-
group analysis using random-effects models. The interaction at t3 was
significant (z=3.69; P<0.001).

When considering the evoked potentials waveforms, if CPM is
functional, CPT would be expected to induce a decrease of N2P2
amplitude and a return to baseline value at 6 min. Amplitude differ-
ences (uV) and per cent of amplitude differences (Table 2, Figure 1,
Figure 2) between baseline and each point in time were smaller for
PHN patients than for healthy subjects. There was a correlation
between clinical pain intensity (the week before the test) and
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Data presented as mean * SD unless otherwise indicated. PHN Postherpetic
neuralgia; t0, t1, t2, t3 and t6 Time 0 min, 1 min, 2 min, 3 min and 6 min after
end of cold pressor test

AUCpy in PHN patients (Figure 3) but no correlation in either
group between thermal baseline pain intensity and AUCpy,.

Cognitive tests were not significantly different between PHN
patients and healthy controls (RTI 510+207 ms versus 495+150 ms;
IST (number of errors) 10+5 ms versus 9+5 ms; SOC 9395+5101 ms
versus 913045203 ms; and GNT 79+9% versus 81+10%, respect-
ively). There was no correlation between any of the cognitive test
results and AUCpy-

DISCUSSION

The first aim of the present study was to explore, for the first time,
CPM efficiency in patients with PHN, and the results show a CPM
deficit in pain inhibition in PHN patients. In these long-term neuro-
pathic pain patients with four years of chronic pain since shingles
flare, one suggestion is that ongoing chronic pain may have ‘exhausted’
DNIC (36), leading to a low pain inhibitory capacity and/or an
enhanced facilitation in the descending pathways. This deficit in
CPM efficiency has been described in various pain conditions (1-19)
including Huntington’s disease (37), temporal lesions (38) or
Parkinson’s disease (39), with different modalities using electrical,
pressure or thermal stimuli, but could not be demonstrated in a num-
ber of other pathologies such as rheumatoid arthritis (40) or Parkinson’s
disease (41). The postulate that CPM deficiency may be specific to
medically unexplained pain syndromes (36) is not supported by our
finding because shingles pathophysiology is well described. Our study
combined psychophysical and electrophysiological approaches, and
both techniques demonstrated a significant difference between
patients and controls, from 2 min after the end of CPT with the corti-
cal recording and at 3 min with the NRS.

The present study also showed a negative correlation between clin-
ical pain and CPM, suggesting that a less efficient CPM may be a predis-
posing factor to acquire neuropathic pain; this result confirms similar
findings in chemotherapy-induced neuropathic pain (19) and in post-
surgical pain (42,43). The deficit in CPM modulation may indeed be a
cause or a consequence of chronic pain with the perpetuation of a con-
tinuous vicious cycle. This cycle may, however, be broken, as was shown
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Figure 1) Percentage of N2P2 amplitude differences registered on the scalp
in response to thermal stimuli applied on the dominant arm after a condition-
ing pain stimulus consisting in the immersion of the contralateral arm in cold
water (8°C) to compare conditioned pain modulation in patients with pos-
therpetic neuralgia (PHN) with healthy controls. A significant difference
between the two groups was observed (**P<0.01). These results were
confirmed by intergroup analysis using random-effects models. The inter-
actions at 2 min (t2) and 3 min (t3) after the conditioning pain stimulus
were significant (z=3.83; P<0.001, and z=4.42; P<0.001, respectively)

*k*
=
— 2[] -
-]
ZRNCE 7777
Tl
c (s
S 404 -
g ol .
5 .
2 0 .
E -
£ 100 4 v
: /
A
% 0 )
[&]
3 -160 -

Figure 2) Comparison of the areas under the curve (AUC) of the N2P2
amplitude differences obtained in patients with postherpetic neuralgia

(PHN) and in hedlthy controls (HC) (¥**P=0.0012)

in a study involving osteoarthritis patients, in which DNIC was
impaired but restored after appropriate treatment and the alleviation of
pain (44). PHN in its severe form is difficult to alleviate despite
polymedication and successive drug trials; however, CPM status may be
a guide in PHN treatment for adequate drug prescription, as has been
shown with duloxetine in cancer patients (16). Besides the CPM deficit,
facilitation of pain may have also occurred (16): two PHN patients in
our study had larger N2P2 waves (more integration of pain) on the
6 min CPM testing, suggesting a sensitization phenomenon from hetero-
topic stimuli and a widespread hyperalgesia. All PHN patients had,
however, some degree of descending inhibition and it appears that, from
the beginning of the CPT, facilitation phenomena may override inhib-
ition with a large interindividual variability and a disequilibrium in
favour of pain — a ‘pronociceptive’ phenomenon (16).

It has also been suggested (45) that poor CPM efficiency in pain
patients could result from the fact that clinical pain combined with an
experimental applied conditioning stimulus (cold water) may act as two
concomitant applied stimuli and diminish pain inhibition. Recordings
of cortical waveforms suggest that PHN and healthy controls integrate
pain similarly before any conditioning stimulus, with similar N2P2
amplitudes, suggesting that A-delta functioning in a nonpainful region
was not impaired, while it has been shown to be impaired in neuropathic
painful regions in other publications (46). Induction of the conditioning
stimulus, however, triggers different brain activation patterns in PHN
and healthy controls, demonstrating a dysfunction of integration of
thermal nociceptive inputs in PHN patients.

No correlation was observed between thermal pain intensity at tO and
CPM, suggesting that experimental pain is a poor predictor of CPM
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Figure 3) Correlation between clinical pain obtained by numerical rating
scale before the experiment and the area under the curve. CPM Conditioned
pain modulation

efficiency. The observation that baseline thermal pain thresholds are not
significantly different between PHN patients and healthy control individ-
uals suggests that clinical ongoing pain does not activate CPM mechan-
isms and confirms previous findings in chronic and neuropathic pain of
various etiologies (46-48). The deficient CPM may also be because the
stimulus is not strong enough and is always lower than ongoing pain.

It has been shown that supraspinal and higher-order cognitive
and affective processes may also influence descending regulation
(27,29,31,49). Expectation, anticipation, fear of pain and emotional
turmoil are expected to be more pronounced in PHN patients, who
are also less likely to get easily distracted and are hypervigilant: these
factors contribute to reducing CPM on inhibitory pathways and,
hence, may increase hyperalgesia. We measured the cognitive per-
formance with specific tests focusing on frontal lobe function in a
soft environment: although slower, the cognitive performance is not
significantly impaired in our PHN patients compared with controls
and does not predict the degree of CPM. As measured here, the cog-
nitive performance illustrates the cognitive traits of the patients but
does not preclude the cognitive-emotional interactions that may
have been at play during the painful test. Cognitive manipulation
(49) during the test could bring supplemental information on the
cognitive and emotional status of the patients. Emerging data also
suggest that CPM deficit is influenced by sociodemographic factors,
anxiety, depression and sleep quality, which remain poorly under-
stood in PHN and require further study.

CONCLUSION

The results of the present study provide preliminary evidence, with
psychophysical and electrophysiological approaches, that patients
experiencing long-standing PHN present a deficiency of pain inhib-
ition modulation. This impaired modulation of pain may be a predis-
posing factor to develop chronic pain and its assessment could be a
guide for optimizing analgesic treatment. It is not linked to cognitive
performance; however, qualitative contextual cognitivoemotional
influences on descending pathways remain to be investigated.
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