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To the editor:

Crossover designs are useful in clinical trials where the disease
population is limited, or the intervention is uncommon. Partici-
pants in a crossover design are exposed to each intervention (e.g.
placebo and target drug), and outcomes are compared at the end
of each period. This design facilitates the use of smaller sample
sizes, as each participant acts as their own control and limits
between-subject variability in statistical comparisons while
increasing statistical power. A critical element in crossover designs
is the implementation of an adequate washout period to prevent
carryover effects between each intervention.

For pharmaceutical studies, washout periods are well-
established and depend on the drug half-life in the participant's
circulation. For clinical trials involving neuromodulation, however,
washout periods have not been characterized or standardized with
the same degree of rigour. Pre-clinical animal studies of dorsal root
ganglion (DRG) stimulation suggest that neuronal activity dimin-
ishes within an order of minutes [1]. Additionally, clinical studies
of electrical neuromodulation have reported both immediate
(within minutes) [2] and long term (over months) effects [3] on
symptom severity. We hypothesized that the majority of clinical
effects on pain suppression occur immediately after onset and
cessation of neurostimulation and report our evaluation of the
wash-in and washout periods of acute DRG stimulation in chronic
pain.

Methods

Ethical approval for this study was obtained from the South-
Central Oxford Research Ethics Committee and conducted in accor-
dance with the guidelines set out in the Declaration of Helsinki.
Sixteen patients with diagnosed chronic pain syndromes and
who had undergone permanent implantation of a DRG stimulator
(DRGS) at the John Radcliffe Hospital were recruited for this study.
Participants were assigned to begin the study in the OFF stimula-
tion (n=8) condition or the ON stimulation (n=8) condition by
block randomization. Each DRGS was then switched ‘on’ or ‘off
respectively while pain scores were recorded every 30 seconds
for 10 minutes.

Statistical analysis was conducted in GraphPad Prism software
version 8.0 (La Jolla California USA, www.graphpad.com). We iden-
tified the mean increase (MI) and mean decrease (MD) for each
condition and identified the time to achieve 75% (Ml;5/MD75) and
90% (Mlgp/MDgp) of effect on pain scores. D'Agostino test was
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used to confirm that the data was normally distributed. Student's
t-tests were used for pairwise comparisons and repeated measures
ANOVA used to identify significant differences in pain scores be-
tween each timepoint. Tukey's posthoc test was applied to correct
for multiple comparisons.

Results

The mean age of participants was 51 years + 16.5 [mean + SD] -
ten (10) men, six [6] women. Mean baseline pain score before
turning DRG stimulation ‘on’ was found to be 6.68 +2.75 and
resulted in a statistically significant reduction in pain scores (Per-
centage suppression of pain=40% +2.88, t(7)=3.503, p=0.01)
over the 10-min period. Prior to turning ‘off DRG stimulation, the
mean baseline pain score was found to be 4.37 + 2.88 (mean + SD)
and upon cessation of stimulation resulted in a statistically
significant increase in pain scores (Percentage increase in
pain =53%+ 1.180, t(7) = 4.549, p = 0.0026) [See Fig. 1].

The greatest variability in reported pain scores occurred within
60s of turning OFF/ON the DRGS (range +2 to —2.5). Maximal
improvement and worsening of pain scores occurred between
360 and 480 seconds of turning DRGS “on” and “off” respectively.
Immediate effects on pain suppression occurred more quickly
(Ml75 reached within the first 30 seconds) compared to the carry-
over effects upon cessation of stimulation (MD75 reached between
90 and 120 seconds). In contrast, 90% of the mean effect on pain
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Fig. 1. Depicting change in pain scores (numerical rating scale) with time when
turning Dorsal Root Ganglion stimulation 'on’ (green) or 'off" (red). At 5 minutes (300s)
(grey dotted line) after turning DRGS 'on’ or 'off", there is no statistically significant
change in reported pain scores (Mean + SEM). (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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from wash-in and washout (Mlgg and MDgg) occurred between 180
and 240 seconds. Notably, after 300 seconds (5 minutes) of turning
DRGS “on” or “off”, there was no significant change in reported pain
scores (F (2,18)=4.32, p > 0.05) from subsequent pain ratings [See
Fig. 1].

Discussion

Our findings represent the first systematic approach to evaluate
the acute effects of DRG stimulation and its washout period in
chronic pain patients. Unfortunately, there is no consistency in
the literature to methodologically quantify the acute effects of neu-
rostimulation. Therefore, we employed a similar technique to that
used for estimating the effects of deep brain stimulation (DBS) in
alleviating the motor symptoms of Parkinson's disease, and the re-
turn of symptoms during DBS washout [4]. Our findings similarly
reflect that 1) the majority of clinical improvement/worsening oc-
curs within the first few minutes of onset/cessation of neurostimu-
lation, 2) the rate of improvement occurs more rapidly during
stimulation than the rate of symptom exacerbation during washout
and 3) a plateau occurs, which has been identified to occur 5 mi-
nutes after switching ON/OFF the DRGS.

While these acute effects of neurostimulation on chronic pain do
not display significant variability after 5 minutes of turning the stim-
ulator ON/OFF, it is possible that chronic DRG stimulation will pro-
duce additional long-term effects. Our findings of acute
stimulation represent a 40% reduction in pain, while pain suppres-
sion during long-term evaluations of DRG stimulation tend to report
improvements >50% [5]. This added effect on pain relief may reflect
chronic neuroplastic changes, alterations in gene expression or
cortical reorganization during long-term DRG stimulation.

Nevertheless, our estimate of acute DRG washout (10 minutes)
resulted in pain exacerbation >50%. In concert with the minimal
variability in pain scores during the latter half of this period, our ev-
idence suggests that 10 minutes is a sufficient washout period for
crossover studies investigating the acute effects of DRG stimulation.
This evidence facilitates the ease of utilizing multi-phase crossover
designs (N-of-1 trials) [6] in evaluating the effects of neuromodula-
tion, and can decrease, or negate, the reliance on randomized
controlled trials for surgical interventions.

Predominance of fast-decay effects or slow-decay effects during
neurostimulation is seemingly dependent on the site of stimulation
[7] and longevity of the disease [8]. Our methodology may be
employed for different neurologic targets and disease cohorts to
evaluate the temporal progression of clinical effects during electri-
cal stimulation. Additionally, the incorporation of neurophysiologic
recordings and/or neuroimaging during wash-in and washout eval-
uations would add substantially to our understanding of the acute
and chronic effects of electrical stimulation on the human nervous
system.
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