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Abstract
Background—tDCS appears to have modulatory effects on the excitability of cortical brain
tissue. Though tDCS as presently applied causes no apparent harm to brain structure or function, a
number of uncomfortable sensations can occur beneath the electrodes during stimulation,
including tingling, pain, itching, and burning sensations. Therefore, we investigated the effect of
topically applied Eutectic Mixture of Local Anesthetics (EMLA) on tDCS-related discomfort.

Methods—Nine healthy adults received both anodal and cathodal 2.0 mA tDCS for 5 minutes
over the prefrontal cortex with the skin pretreated for 20 minutes with either EMLA or placebo
cream. Participants rated procedural discomfort 6 times across 8 dimensions of sensation.

Results—On average, the mean sensation ratings for EMLA-associated tDCS stimulation were
significantly lower than placebo-associated stimulation for every cutaneous sensation evaluated.
Cathodal stimulation was associated with higher ratings of “sharpness” and intolerability than
anodal stimulation.

Conclusions—Topical EMLA may reduce tDCS-related discomfort.
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Introduction
During the past decade, multiple studies have demonstrated that transcranial application of
weak direct current (tDCS) has modulatory effects on the excitability of cortical brain tissue
[1–2]. The ease of producing this current—via the simple placement of two electrodes
(anode and cathode) on a subject’s scalp—has prompted investigations into the potential
clinical uses of transcranial direct current stimulation (tDCS). As these studies progress, the
exact methods and safety parameters for applying tDCS are also adapting. Though tDCS as
presently applied causes no apparent harm to brain structure or function [3], a number of
uncomfortable sensations often occur beneath both electrodes at the onset and sometimes
throughout the duration of stimulation [4–5]. While some subjects have complained of
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tDCS-induced headaches, nausea, and other discomfort [4], the large majority of reported
irritations are skin-related, including sub-electrode tingling, pain, itching, and burning
sensations [4–5].

Therefore, it is important to determine if a patient’s discomfort can be reduced. Recent
research indicates that increasing ionic concentration within the NaCl solution used to soak
the sponge-electrodes correlates with increasing discomfort for tDCS recipients [6].
However, another study suggests that while de-ionized solutions may reduce discomfort,
they also increase impedance at the scalp and may account for the appearance of skin lesions
[7]. Trading tissue damage for lessened procedural discomfort is not a safe or clinically
viable option. Therefore, we investigated the effect of topically applied Eutectic Mixture of
Local Anesthetics (EMLA) cream at specific locations of electrode placement without
reducing NaCl solution concentration.

Materials and Methods
1. Participants

Nine healthy adults (7 men; Age (years): average = 28.56, range = 20–51) volunteered to
participate in this study, which was approved by the MUSC institutional review board.

2. Direct Current Stimulation
A battery-powered constant current device (Phoresor II Auto, Model PM850) was used to
deliver transcranial direct current stimulation to subjects. The device was capable of
delivering a constant current at any level ranging from 0–4.0 mA and took roughly 30
seconds to “ramp up” to the experimental level of 2.0 mA. Current was directed from the
machine into the anode (positive electrode), through the subject’s head, into the cathode
(negative electrode), and back to the machine. Both 4×4 cm sponge-electrodes were soaked
in 5 mL of standard isotonic 0.9% NaCl saline solution and were held in place on the
subject’s scalp by a Velcro head band. The current density was estimated to be 0.125 mA/
cm2, assuming that residual from either cream did not interfere with the electrical properties
of the circuit.

3. EMLA and Placebo Cream
Two different creams were applied to specific locations on a subject’s forehead over
locations corresponding with F3 and F4 from the EEG 10–20 system. EMLA (Eutectic
Mixture of Local Anesthetics) was used as the topical anesthetic. EMLA is an emulsion
preparation containing 2.5% lidocaine and 2.5% prilocaine by weight. Signa Gel, a standard
EEG conductive gel, was used as a placebo cream. Both creams were applied and covered
with an occlusive dressing for 20 minutes. The creams were then removed.

4. Face Locator Program
Participants rated eight specific sensations related to procedural discomfort (painfulness,
tingling quality, sharpness, piercing quality, electrical quality, sense of tugging, pinching
quality, and intolerability) via a custom-designed software program named “Face Locator”
[8–9]. The program allows subjects to use a mouse to rate their perception of each sensation
on separate visual analogue scales (VAS). These ratings are stored and translated into
numerical values ranging from 0 to 100 by the computer.

5. Experimental Procedure
2.5 g EMLA and 2.5 g placebo gel were placed on separate, randomly selected sides of the
subject’s forehead (F3 and F4), each in an area of 4×4 cm2. Occlusive dressings were placed
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over these sites, and subjects were kept blind to the specific location of each cream. After 20
minutes, the occlusive dressings were removed, and the creams were wiped off. Then the
electrode to be tested (either anode or cathode) was randomly placed over one of the two
former cream sites. The untested electrode was placed over the ipsilateral motor cortex area.
Once the subject was placed in a comfortable chair with easy access to the Face Locator
program, we turned on the stimulation device and “ramped up” the current to a level of 2.0
mA. The experiment’s 5-minute duration officially began at the conclusion of the 30-second
“ramping period.” At this zero time point and at the end of each subsequent minute,
participants used Face Locator to rate their perception of the eight sensations specifically
under the forehead electrode (6 total ratings). Subjects were asked to ignore and not rate any
feelings underneath the posterior electrode. At the end of the 5 minute period, the direct
current was manually ramped down, and the electrodes were removed. The electrodes were
then moved to their respective locations on the opposite side of the head, with the tested
electrode over the opposite cream site and the untested electrode over the opposite motor
cortex. The stimulation and sensation-recording process was then repeated. Two days to two
weeks later, the subjects returned to be tested again with the roles of the previously tested
and untested electrodes reversed (i.e. the anode and cathode were switched).

Statistical Analysis—We examined the effects of EMLA and placebo cream on
cutaneous sensations evoked by anodal and cathodal tDCS using hierarchical linear
modeling (HLM). HLM has been shown to handle nested models with serially dependent
data points and randomly distributed missing values appropriately [10–13]. Additionally,
this approach is growing in popularity among clinical and educational researchers due to its
flexibility and appropriateness for data typically encountered in clinical and social science
research [14–16]. For this study, 6 rating periods (one per minute) were conducted for each
of the 8 sensory dimensions in question. Further, this study employed a 2 (EMLA versus
Placebo) X 2 (anode frontal versus cathode frontal) design. Each participant’s time-series
(VAS ratings over time during each of the 4 conditions) intercepts and slopes were entered
into the model as subject-level random effects in the model. The covariance structure was
set to “unstructured.” Critical alpha was Bonferroni adjusted to .00625 to correct for
multiple comparisons.

III. Results
EMLA v. Placebo

EMLA-associated stimulation produced a statistically significant reduction in each of the
self-rated sensations when compared to placebo-associated stimulation. See table 1 for mean
ratings differences and statistical results.

Anode v. Cathode
There was a significant difference between anode and cathode on “intolerability” ratings
F(1,197)=5.61, p=0.0188. Cathode was associated with an average intolerability rating that
was 3.27 points higher than anode. There was also a significant difference between anode
and cathode on “sharp” ratings F(1,198)=5.46, p=0.0205. Cathode was associated with an
average sharp rating that was 3.57 points higher than anode. There was no significant
difference between anode and cathode on pain, tingling, piercing, electric, tugging and
pinching ratings, although cathode ratings were consistently higher mathematically than the
anode ratings for each of these sensations.
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IV. Discussion
These results suggest that using topical EMLA prior to tDCS may reduce pain and
unpleasantness during prefrontal stimulation. On average, the mean VAS ratings for EMLA-
associated stimulation were significantly lower than placebo-associated stimulation for
every category, ranging from 3.67 points lower in “pinching” to 10.22 points lower in
“tingling.” However, it is important to consider the clinical practicality and experimental
relevancy of EMLA-associated tDCS. Clinicians might suggest that the anesthetic benefits
of EMLA may not outweigh its cost in increased procedural time as these unpleasant
sensations are often minimal and quickly diminish in the majority of tDCS participants (our
data confirms the mild levels of sensation, as well as a statistically insignificant decrease in
the sensations over time; see Figure 1). However, if the clinically acceptable and
recommended current density levels of tDCS are increased in the future, it is plausible that
the associated cutaneous sensations might also increase accordingly. Should this situation
occur, the anesthetic properties of EMLA cream would likely become more important in the
clinical setting. EMLA may also currently have relevance for patients whose pain tolerance
is lower than that of the general population.

In regards to the experimental setting, EMLA’s effect on tDCS sensations may prove to
have even more immediate importance. In our experience, during sham stimulation, many
patients feel an initial sensation of electrical activity followed by an absence of this
sensation. Some have then asked if the machine has been turned off, regardless of its actual
“on” or “off” setting. Decreasing these sensations considerably via the use of EMLA cream
may actually make true tDCS more indistinguishable from placebo, as the patient will sense
less electrical activity in either case.

There are also important procedural considerations for the topical use of EMLA with tDCS.
It is important to thoroughly wipe the cream from the skin prior to stimulation to avoid any
negative effects from electrophoresis. We observed no negative side effects along these
lines. One subject did experience a visual sensation of light flashes during the “ramp-in”
phase of anodal stimulation of the right prefrontal cortex, and the stimulation was promptly
stopped. The subject experienced no further side effects post-stimulation, and the sensation
was likely related to electrode position rather than the EMLA or placebo creams. We believe
that the angle of the direct current may have been such that it intersected and stimulated the
optic nerve, and in later experiments we have found that by slightly adjusting the position of
the posterior electrode, these flash sensations can be eliminated if they are initially present.

The differences between cathodal and anodal discomfort appeared rather minimal when
applied over the forehead of healthy adult volunteers at this low intensity and duration. The
significant differences between the electrodes that were observed in the “intolerability” and
“sharp” categories are consistent with previous findings in which unidirectional electrical
stimulation of the scalp yielded a significantly higher sensation of pain near the cathode than
the anode [9]. We hypothesize that the mechanism behind this may be associated with a
concentrated exiting of current from the scalp at the cathode. Nonetheless, it seems that any
means of reducing anodal and cathodal discomfort can likely be the same. At most, cathodal
stimulation may require slightly greater attention.

It is also unclear if these results obtained over the prefrontal cortex in healthy adults would
generalize to tDCS applied over other scalp locations or in different patient populations.
Finally, we do not know how long the anti-nociceptive effects of the EMLA cream might
last, and whether additional dosing would be needed for longer tDCS sessions. Further
studies are needed to address these questions.
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In conclusion, our findings suggest that topical EMLA may reduce procedural pain and
discomfort associated with tDCS without modifying NaCl solution concentration.
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Figure 1.
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Table 1

Mean (standard error) Visual Analogue Scale (VAS) ratings across 8 sensory dimensions during tDCS with
and without pretreatment with EMLA cream (Bonferroni-corrected critical alpha = .006 to correct for multiple
comparisons).

Sensation EMLA Placebo Difference Statistical Significance

Pain 7.32(1.34) 14.84(2.88) −7.52 (F(1,195)=31.64, p<.0001)

Tingling 7.76(1.70) 17.98(3.61) −10.22 (F(1,195)=36.07, p<.0001)

Sharp 4.39(1.41) 11.64(2.67) −7.25 (F(1,195)=26.34, p<.0001)

Piercing 3.65(1.36) 10.59(2.62) −6.95 (F(1,195)=26.01, p<.0001)

Electric 7.09(1.44) 16.66(3.36) −9.58 (F(1,195)=43.94, p<.0001)

Tugging 2.33(0.99) 6.08(2.20) −3.75 (F(1,195)=14.41, p=.0002)

Pinching 4.78(0.96) 8.44(3.68) −3.67 (F(1,195)=14.50, p=.0002)

Intolerability 3.52(1.30) 8.99(2.89) −5.47 (F(1,195)=17.68, p<.0001)
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