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Abstract

It is still unclear whether chronic neuropathic pain and itch share similar neural mechanisms. They
are two of the most commonly reported challenges following a burn injury and can be some of the
most difficult to treat. Transcranial direct current stimulation (tDCS) has previously been studied
as a method to modulate pain related neural circuits. Therefore, we aimed to test the effects of
tDCS on post-burn neuropathic pain and itch as to understand whether this would induce a
simultaneous modulation of these two sensory manifestations. We conducted a pilot randomized
controlled clinical trial comprised of two phases of active or sham M1 tDCS (Phase I: 10 sessions
followed by a follow-up period of 8 weeks; Phase 1l: additional 5 sessions followed by a follow-up
period of 8 weeks, and a final visit 12 months from baseline). Pain levels were assessed with the
Brief Pain Inventory (BPI) and levels of itch severity were assessed with the Visual Analogue
Scale (VAS). Measurements were collected at baseline, after the stimulation periods, at 2, 4 and 8-
week follow up both for Phase | and Il, and at the final visit. Sixteen patients were assigned to the
active group and 15 to the sham group. Ten sessions of active tDCS did not reduce the level of
pain or itch. We identified that itch levels were reduced at 2-week follow-up after the sham tDCS
session, while no placebo effect was found for the active group. No difference between active and
sham groups was observed for pain. We did not find any treatment effects during Phase 11. Based
on these findings, it seems that an important placebo effect occurred during sham tDCS for itch,
while active M1 tDCS seems to disrupt sensory compensatory mechanisms. We hypothesize that
pain and itch are complementary but distinct mechanisms of adaptation after peripheral sensory
injury following a burn injury and need to be treated differently.
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1. Introduction

Within the last four decades, there have been notable advances in acute burn care and,
subsequently, a decline in burn related mortality rates. As a result, there is a growing need to
focus research on long term physical recovery and to develop effective post-acute treatments
[1]. Chronic neuropathic pain and itch are two of the most commonly reported challenges
following injury and can be some of the most difficult to treat. In a survey of 358 post-acute
burn survivors, 52% reported having ongoing burn-related pain [2]. Similarly, in a study of
104 burn survivors, 28% experienced persistent symptoms of pain for 28 months or longer

[3].

In addition to pain, itch is a common complaint among burn survivors. In a sample of 510
adult burn survivors, prevalence rates were as high as 87% [4]. Another study found that as
many as 96% experienced three or more episodes a day and, of those burn survivors, 94%
rated their itch as ‘unbearable’(5). Previous research shows that chronic pain and itch can be
significant causes of disability following injury and can limit patients’ daily activities as well
as affect quality of life [6]. However, despite its significance and prevalence, studies
exploring chronic pain and itch, as well as effective treatment options, remain limited [6,7].

Recent work on Transcranial Direct Current Stimulation (tDCS; i.e., direct constant current)
has shown the efficacy of this noninvasive brain stimulation (NIBS) technique to modulate
cortical activity in both healthy subjects and subjects with neurological conditions [8]. From
a neurophysiological perspective, tDCS increases the neuronal excitability by facilitating the
action potential release and the modification of NMDA receptors’ excitability [9]. Moreover,
tDCS may strengthen task-related dynamical synaptic connections [10]. This technique is
widely used to modulate brain activity in research and in clinic for stroke rehabilitation [11],
pain [12], depression [13], and tinnitus [14]. In healthy subjects, tDCS has been shown to
modulate pain threshold and Conditioned Pain Modulation (CPM) [15]. A pilot study
evaluating the effects of tDCS on pain in subjects with burn injuries showed that a single
session of active anodal tDCS over the primary motor cortex may lead to a decrease in
cortical excitability when compared to sham stimulation [16].

Based on the notion that burn injury leads to central neural changes associated with sensory
deafferentation that results in itch [17,18] and chronic pain, we hypothesized that the anodal
tDCS-induced motor cortex excitability increase would enhance thalamic activity [15,17-
19] and thus decrease maladaptive changes associated with sensory deafferentation leading
to itch and pain. In this study, we aimed to assess the effects of tDCS on post-burn
neuropathic pain and itch, as measured by the modified Brief Pain Inventory (BPI) and
Visual Analog Scale (VAS), respectively.
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2. Methods

2.1. Participants

Thirty-four subjects with burn injuries were enrolled in the study, and 31 subjects were
randomized. All subjects were above the age of 18, and rated their pain and/or itch as
moderate or severe (=4 on the Visual Analogue Scale) within the last 3 weeks. Subjects had
to be discharged from acute care and have burn injuries occurring at least 3 weeks prior to
study enrollment. If subjects were taking Carbamazepine (Tegretol), Oxcarbaepine
(Trileptil), or Phenytoin (Dilantin), they were excluded from the study. Medication history
was taken at the time of consent and any changes in medication were recorded. Subjects
were recruited through collaborating physicians in inpatient rehabilitation and outpatient
settings. In addition, flyers were posted online and in outpatient burn clinics. Potential
participants were contacted using the Partners Research Patient Data Registry (RPDR).
Written informed consent was obtained from all patients according to the declaration of
Helsinki. The study was approved by the Institutional Review Board at Spaulding
Rehabilitation Hospital, Boston, MA. As the study comprises two phases, participants were
asked to provide consent at the start of each phase to promote adherence.

2.2. Study design

This pilot study was a parallel double-blinded, placebo-controlled randomized trial. In total,
the trial was comprised of 23 visits scheduled on weekdays. Visits were split into two phases
to promote adherence.

During the baseline visit (Visit 1), subjects completed an EEG and scaled assessments
(detailed below). Phase | was comprised of 10 stimulation visits over the course of 2 weeks
(Visits 2-11) and 3 follow-up visits (Visits 12-14). In Phase Il, subjects participated in 5
stimulation visits over 1 week (Visits 15-19), 3 follow-up visits (Visits 20-22), and a final
visit (V23) approximately 12 months from baseline.

2.3. Procedure

Direct current was transferred by a saline-soaked pair of surface sponge electrodes (35 cm
[2]) and delivered by a battery-driven, constant current stimulator (Soterix Medical, New-
York). The anodal electrode was placed over the primary motor cortex (M1), contralateral to
the most painful/itchy side, and the cathode was placed over the opposite supra-orbital area.
The duration of stimulation was 20 min at 2 mA with a ramp-up and ramp-down of 30 s, as
previously described [20]. For the sham condition, the stimulation was applied for 30 s with
the same ramp-up and down, to mimic the active condition. The device we used allows the
delivery of both active and sham stimulation, and all stimulation sessions were performed by
a researcher who was not involved in any of the assessments, allowing for a double-blinded
procedure.

2.4. Assessments

We used the Brief Pain Inventory (BPI) to assess the magnitude of pain reduction following
active or sham tDCS [21]. The BPI is a short self-assessment questionnaire that provides
information on various dimensions of pain including how pain developed, the types of pain a
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patient experiences, the time of day pain is experienced, as well as current ways of
alleviating pain. The BPI also consists of the VAS pain scale, a 10-point scale (0 = “no
pain’’, 10 = “pain at its worst’”) measuring a patient’s worst and least pain, on average and
at present time. The BPI provides information on the intensity of pain (the sensory
dimension) as well as the degree to which pain interferes with function (the reactive
dimension).

In addition to the BPI, we used the VVAS itch scale, to measure itching severity and activity
on average and at present time. This scale has previously been used in a study investigating
treatment of refractory itching in burn patients [5]. The same scale (VAS anxiety scale) was
used to evaluate anxiety. Subjects were instructed to keep a record of itching/pain activity
and severity using this scale in a diary through Visit 12. In addition, any medication changes
were recorded.

A short, 9-question questionnaire was used to assess the side effects of tDCS. Following
stimulation, participants were asked if they experienced any of the following symptoms:
headache, neck pain, scalp pain, scalp burn, acute mood change, tingling, skin redness,
sleepiness, trouble concentrating as well as any other unspecified side effect. If a participant
experienced any of these side effects, they were asked to rate the severity on a 4-point scale
(1= “Absent”, 2= “Mild”, 3= “Moderate”, 4= “Severe”). In addition, they were asked to rate
the likelihood that the symptom was related to tDCS on a 5-point scale (1= “None”, 2=
“Remote”, 3= “Possible”, 4= “Probable”, 5= “Definite”).

2.5. Statistical analysis

Differences in baseline values between the two stimulation conditions were analyzed with a
Student #test for continuous variables and with Chi-square tests for dichotomous variables.

All analyses were conducted according to the principle of intention-to-treat using a last
observation carried forward for missing data.

For each outcome, a group analysis running a mixed ANOVA model was performed, in
which the independent variables were time (baseline, post-stimulation, 2-week follow-up, 4-
week follow-up and 8-week follow-up), condition of stimulation (sham vs. active), the
interaction term (time vs. the condition), and subject ID. Cohen’s effect sizes were also
calculated for significant comparisons. To evaluate possible linear changes over time, we
used a correlation between time and each variable of interest. As exploratory analysis, we
also tested if the presence of pain (0 for no pain; 1 for presence of pain) modulated the
effects of tDCS on itch (VAS itch changes after active or sham tDCS). Two-tailed p-values <
0.05 were considered statistically significant in all cases. All statistical analyses were
performed using STATA (StataCorp 2013. StataCorp LP, College Station, TX).

3. Results

Thirty-one patients were randomized to receive either active (n = 16) or sham tDCS (n = 15).
A flow chart illustrating the number of subjects who participated in each phase is presented
in Fig. 1. Twenty-one patients completed Phase | and were enrolled in Phase 1. Fourteen
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completed all study visits (Phase | and Il). Ten patients did not have any pain (5 in the active
group and 5 in the sham group) at baseline and therefore, were not included in the analyses
for the BPI. Eight patients did not complete the itch questionnaire (4 in the active group and
4 in the sham group) at baseline and were not included in the VAS itch analysis. Baseline
comparisons between stimulation conditions showed no significant a priori differences
(Table 1).

The ANOVA showed no significant group*time interaction for BPI severity (F = 0.55; p =
0.703).

The ANOVA showed a significant group*time interaction for itch severity at present time (F
=3.28; p = 0.017 — see Fig. 2). Post-hoc tests showed a significant difference between active
and sham groups at 2-week follow-up (t=—-2.399; p = 0.02; ES:1.15). The group that
received active stimulation had worse itching scores than the group that received sham
stimulation as there was a placebo effect (itching improvement) only in the sham group. No
correlation with time was found.

No group*time interaction was observed for VAS anxiety (F = 0.75; p = 0.661). Detailed
information for BPI, VAS itch, and VAS anxiety can be found in Table 2.

When looking at the correlation between variables, we did not find any correlation between
BPI at baseline and VAS itch (p = 0.083) nor VVAS anxiety (p = 0.847).

When comparing characteristics (i.e., age, time since injury, side of stimulation, gender) and
treatment allocation (active vs. sham) of patients enrolled in Phase | with patients enrolled in
Phase I, no significant differences were found.

We did not find any differences between active and sham groups for any of the outcome
variables (see supplementary material).

The analysis testing whether the presence of pain was not found to mediate the effects of
tDCS on itch (p = 0.567), thus showing that presence of pain does not influence the effects
of tDCS on itch.

All study participants tolerated tDCS sessions well. The majority reported a mild-to-
moderate tingling or itching sensation during both active and sham stimulations. No
unexpected adverse effects were observed.

4. Discussion

In this randomized controlled clinical trial, we found that 10 sessions of tDCS did not reduce
the level of pain or itch in burn injury patients. However, itch levels were reduced at 2-week
follow-up after the sham tDCS session, indicating a possible placebo effect. On the other
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hand, the group who received active tDCS had no placebo effect, making it possible that
tDCS counteracts this effect by blocking the subjective perception of itching in these
subjects. For patients who continued to the second phase of this study, no difference between
active and sham groups was found.

4.1. Placebo or active nocebo effects

Placebo is a robust psychological and neuro-physiological phenomenon that appears to be
dependent largely on expectation [22]. This phenomenon is frequently observed in various
pathologies including in patients suffering from chronic pain syndromes [23,24], with a
positive impact on clinical outcomes [25].

Interestingly, in the present study, the sham condition seemed to induce an effect on itch
reduction level. Placebo effect has already been observed after electrical stimulation [26].
The placebo effect could partially explain our findings following the sham stimulation.
Indeed, positive expectations of the intervention (here, tDCS) have been shown to decrease
anxiety in patients with severe burn injuries [27]. This decrease in anxiety has an impact on
both pain and itch; moreover, symptom conscientiousness modifies the way patients report
their symptoms on clinical scales, which seems to be related to specific genetic variations
[28]. On the other hand, it seems that the active tDCS blocked this placebo effect. One
possibility to explain these effects is that tDCS may have worsened itching and thus blocked
potential positive effects of placebo.

4.2. tDCS over the motor cortex increases sensory threshold

As tDCS increases sensory threshold [15], it may induce increased itch levels in burn
patients, or, as observed here, may block or revert the placebo effect. One could hypothesize
that decreased deafferentation may lead to compensatory changes, and itching may be a
peripheral compensatory mechanism to increase peripheral sensory afference. In this
scenario, tDCS central modulation may decrease response to peripheral afference thus
blocking the potential placebo effect of itching regulation [31,32]. In addition, this increase
in itch sensation, may have annihilated tDCS effects on pain, since itch and pain
mechanisms are linked.

Therefore, another target area can modulate the expected tDCS-related analgesic effects.
Indeed, considering that the prefrontal areas are involved in downregulation of affective
conditions such as pain, it is possible that tDCS delivered over dorsolateral prefrontal cortex
is more relevant for modulation of the emotional experience of pain than for the
somatosensory aspect, operationalized pain intensity. However, further studies are needed to
clarify this point.

Another possibility would be to test different parameters of stimulation. It has been shown
that by modulating some tDCS parameters such as duration, time, or polarity of stimulation,
reversal effects could be observed [33,34].
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4.3. The lack of significant effects of tDCS in pain

The lack of analgesic effect of M1 tDCS could be related to low levels of pain and increased
itching that may be a compensatory mechanism for pain modulation. However, it should be
noted that, in the present study, we did not find a significant correlation between pain and
itch levels (p = 0.083). This could be explained by the small sample size.

By definition, neuropathic pain occurs as a result of lesions or disease to the somatosensory
nervous system [35]. Given the extensive damage to the somatosensory system following
burn injury, patients can develop neuropathic pain. Many of the signs and symptoms in
patients with burn injuries resemble features that are often present in those with neuropathic
pain [6,36]. One symptom of neuropathic pain is central sensitization, which appears to be a
key contributor to burn-induced pain. Chronic, bilateral hyperexcitability of wide dynamic
range neurons, and microglial activation in the spinal cord often occurs after burn injuries
[37]. In addition, after a burn injury, many patients demonstrate reduced thermal pain
thresholds in regions outside the burn injury area [38]. Further research is needed to
determine how patients with moderate to severe pain due to burn would respond to tDCS of
motor cortex.

Therefore, our results favor the notion of different neural circuitry modulating itch and pain
related central sensitization, as previously suggested [39—-42]. However, here, we show that
these distinct pathways have a clinical impact on treatment efficacy.

4.4. Limitations

Several limitations of this study must be considered. First, the sample size is relatively small,
and the baseline characteristics of the patients were heterogonous in terms of level of pain,
severity of itch, and duration of the symptoms. It can be hypothesized that M1 tDCS could
be helpful for a subgroup of patients; however, given the limited number of subjects
included in the study, subgroup analysis could not be performed. Another important
limitation is the rate of drop-out. Indeed, almost a third of the subjects dropped-out after the
two weeks of stimulations. This could have impacted the results, even if we did not find any
differences in term of rate of drop-out between the active and the sham groups. A home-
based remotely supervised intervention may overcome this challenge.

5. Conclusion

A placebo effect was observed during sham tDCS, while active tDCS applied to the primary
motor cortex seems to disrupt sensory compensatory mechanisms. Therefore, M1 tDCS may
not be a suitable treatment to treat pain and itch in patients with a burn injury. Given these
results, we hypothesize that pain and itching are complementary but distinct mechanisms of
adaptation after peripheral sensory injury following a burn. Based on the present findings
and related hypothesis, pain and itch should be treated in different ways. Therefore, when
designing a clinical trial, a specific approach should be developed to reduce itch rather than
merging itch and pain together.
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Study flowchart.
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Fig. 2.
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}
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up, and 1 subject is out of window

Mean and standard error of brief pain inventory (BPI) total scores (A.) and the visual
analogue scale (\VAS) for itch (B.) at each time point for the active group (in black) and the
sham group (in grey). The ANOVA revealed a significant effect of group*time interaction
for VAS itch but not for BPI. * stands for significant difference between active and sham
group at the 2-week follow-up. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article).
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Baseline characteristics of patients enrolled in the active and sham groups. * info missing for two subjects in

the active group.

ActivetDCS  Sham tDCS P values (active/sham)
Number of subjects 16 15
Age (years, mean + SD) 49+14 48+ 14 0.99
Gender (Number of males — %) 7 (44%) 8 (53%) 0.63
Time since injury* (years, mean+ SD) 7.2+7.3 11.5+105 0.39
Ethnicity 10 Caucasian 9 Caucasian  0.56

5 African 5 African

American American

1 Hispanic 1 Hispanic
BDI at baseline (mean + SD) 11.2+9.1 12.6 £10.2 0.70
VAS anxiety at baseline (mean £ SD) 26+28 21+20 0.54
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