UNIVERSITYOF
BIRMINGHAM

iversity of Birmingham
esearch at Birmingham

Electroencephalographic evoked pain response is
suppressed by spinal cord stimulation in complex

regional pain syndrome: a case report
Hylands-White, Nicholas; Duarte, Rui V; Beeson, Paul; Mayhew, Stephen D; Raphael, Jon H

DOI:
10.1007/s10877-015-9781-9

License:
None: All rights reserved

Document Version
Peer reviewed version

Citation for published version (Harvard):

Hylands-White, N, Duarte, RV, Beeson, P, Mayhew, SD & Raphael, JH 2015, 'Electroencephalographic evoked
pain response is suppressed by spinal cord stimulation in complex regional pain syndrome: a case report',
Journal of Clinical Monitoring and Computing, pp. 1-4. https://doi.org/10.1007/s10877-015-9781-9

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy o ) o o ) ) ]
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 18. Apr. 2024


https://doi.org/10.1007/s10877-015-9781-9
https://doi.org/10.1007/s10877-015-9781-9
https://birmingham.elsevierpure.com/en/publications/87fc61b5-7fa3-4d69-ab95-6a70b5cb137c

Electroencephalographic evoked pain response is suppressed by spinal
cord stimulation in complex regional pain syndrome: a case report
Nicholas Hylands-White, MRes! * Rui V Duarte, PhD? * Paul Beeson, PhD3
Stephen D Mayhew, PhD# Jon H Raphael, MD15>

L Faculty of Health, Birmingham City University, Birmingham

2.School of Health and Population Sciences, University of Birmingham,
Birmingham

3.School of Health, University of Northampton, Northampton

4 BUIC, School of Psychology, University of Birmingham, Birmingham

5> Department of Pain Management, Russells Hall Hospital, Dudley

* Nicholas Hylands-White and Rui V Duarte contributed equally to this study.

Corresponding author: Rui V Duarte, University of Birmingham, Department of
Public Health, Epidemiology and Biostatistics, Room 124, Murray Learning
Centre, Birmingham B15 2TT.

Telephone: +44 (0) 121 414 7784

E-mail: r.duarte@bham.ac.uk



Abstract

Purpose: Pain is a subjective response that limits assessment. The purpose of
this case report was to explore how the objectivity of the
electroencephalographic response to thermal stimuli would be affected by
concurrent spinal cord stimulation.

Case report: A patient had been implanted with a spinal cord stimulator for the
management of complex regional pain syndrome of both hands for eight years.
Following ethical approval and written informed consent we induced thermal
stimuli using the Medoc PATHWAY Pain & Sensory Evaluation System on the
right hand of the patient with the spinal cord stimulator switched off and with
the spinal cord stimulator switched on. The patient reported a clinically
significant reduction in thermal induced pain using the numerical rating scale
(71.4% reduction) with spinal cord stimulator switched on. Analysis of
electroencephalogram recordings indicated the occurrence of contact heat
evoked potentials (N2-P2) with spinal cord stimulator off, but not with spinal
cord stimulator on.

Conclusion: This case report suggests that thermal pain can be reduced in
complex regional pain syndrome patients with the use of spinal cord stimulation

and offers objective validation of the reported outcomes with this treatment.
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Introduction

Spinal cord stimulation (SCS) is considered as an option for the management of
complex regional pain syndrome (CRPS); however, the clinical outcome data is
limited to one randomised controlled trial of 24 patients [1]. Hyperalgesia, an
increased pain response to a mechanical or thermal stimulus at normal or
increased threshold is a common feature of CRPS. Animal studies have
demonstrated that SCS significantly reduces mechanical hyperalgesia [2-4].
These studies suggest that SCS mechanisms may involve reduction of glial
activation at spinal cord level and/or activation of p-opioid and §-opioid
receptors. However, in humans it has been observed that SCS had no effect on
experimental pain thresholds and did not produce decreased sensitivity for
pressure, warmth, and cold induced pain in CRPS patients [5]. The majority of
currently available studies on the effectiveness of SCS, including those using
quantitative sensory testing (QST) rely on patient reported outcomes such as
visual analogue or numerical rating scales. The current case report investigates
the effectiveness of SCS based on electroencephalogram (EEG) analysis of
contact heat evoked potentials following experimental induction of thermal

stimuli.

Case History

The patient developed neuropathic pain in both hands in 1999, when she was 57
years of age. Investigations included magnetic resonance imaging (MRI) of the
brain and cervical spinal cord which found only insignificant minor ischaemic
areas of brain and spondylitic changes of cervical spine without nerve

compression. Nerve conduction studies of upper limbs found minor carpal



tunnel compression on the right side. Several treatments were attempted to
manage her neuropathic pain such as lidocaine, ketamine, phentolamine,
carbamazepine, clonazepam, lamotrigine, valproate, levetiracetam, amitriptyline,
venlafaxine, baclofen, tizanidine, fentanyl, and morphine. On review in 2004, her
clinical features were considered to support a diagnosis of complex regional pain
syndrome of upper and lower limbs including continuing pain, reported
coldness, hyperalgesia (to pinprick), allodynia (to light touch), dystrophic
features of the hands and weakness in upper and lower limbs, matching the now
accepted diagnostic criteria for complex regional pain syndrome [6].

The patient was considered for SCS on 11/04/2005 and following a successful
SCS trial period (= 50% pain relief during one week trial) had a permanent
system (Advanced Bionics Precision SC-1110) with an octopolar lead placed at
C4 and dual quadrupolar leads at T10 implanted on 06/11/2006. The patient’s
current SCS setting runs with co-stimulation with two programs: area one
(upper limbs) ,3.5 mA threshold, 210 ps pulse width, 40 Hz rate, cathode at
contact 0 (100%) and anode at contact 3 (100%) of octopolar lead; area two
(lower limbs) 3.5 mA level, 390 us pulse width, 40 Hz rate, cathodes at contacts 0
(55%) and 1 (45%) and anode at contact 3 (100%) of quadrupolar array.

In the month prior to participation in the current study, the patient used the SCS
an average of 21.94 hours/day, the number of days in that month with
stimulation was 29 days and without was only one day (we requested the patient
to switch off the device the night prior to the test session). The patient reported
areduction in pain intensity from eight (with SCS off) to two (with SCS on) using
a 0-10 numerical rating scale (NRS), which is equivalent to a 75% improvement.

Concomitant medication consisted of Duloxetine (60 mg/day) and Co-dydramol



(10/500 mg/day). Ethical approval was granted by NRES Committee West
Midlands - South Birmingham (REC reference: 12/WM/0263) and written
consent form obtained.

The patient switched off the implantable pulse generator (IPG) the night prior to
the test session. This would ensure that the patient was free from the effects of
the SCS, as it may take a few hours before the effects wear off. During the
experiment, thermal stimuli were induced on the palm of the patient’s right hand
(predominant pain area) using the Medoc PATHWAY Pain & Sensory Evaluation
System (Medoc Ltd, Ramat Yishai, Israel) with advanced thermal stimulator
(ATS) and contact heat-evoked potential stimulator (CHEPS) (Figure 1). The test
temperature was ascertained using the following method. The 30x30mm ATS
thermode was used to evaluate pain tolerance from a baseline temperature of
32°C and programmed to increase the temperature at a rate of 1°C/sec. Three
slowly ramping thermal stimuli were applied and the patient was instructed to
press a button when the pain sensation reached their tolerance level. Using the
27mm diameter CHEPS probe programmed to increase the temperature at a rate
of 70°C/sec followed by immediate cooling at a rate of 40°C/sec, five heat stimuli
(pulses) were applied at the patient’s tolerance level and the patient rated the
pain intensity using a 0-10 NRS. The patient rated a stimulus temperature of
55°C as a seven out of ten. EEG recording during the no SCS condition now
commenced with 25 stimuli (pulses) applied at 55°C with an interstimulus
interval (randomised by software) ranging from 4-8 secs. The thermode was
slightly moved to one of three adjacent but non-overlapping locations after each
two stimuli to overcome habituation. Brain electrical activity recorded using

EEG equipment consisting of a 10-channel system (BrainProducts, Munich,



Germany) consisting of nine Ag/AgCl scalp electrodes (AFz (ground), FCz
(reference), Fz, Cz, Pz, C3, C4, T7, T8) and one electrode placed below the left eye
to record eyeblinks. Impedance at all electrodes was <20 k(. The I[PG was then
switched on to being the SCS condition, and subsequent to a rest period (10
minutes), 25 additional stimuli were applied using the same programme. The
patient reported the average pain intensity of the heat stimuli with SCS off as
seven, and with the SCS on as two, using the NRS (71.4% reduction).

Analysis of EEG recordings demonstrated the occurrence of contact heat evoked
potentials (N2-P2 complex, average N2 latency = 500ms, average P2 latency =
552ms, average peak-to-peak amplitude = 4.54uV) at channel Pz during the SCS

off condition, but these were not observed with SCS on (Figure 2).

Comment

A deflection in the waveform which resembles the N2-P2 complex that is
characteristic of a contact heat evoked potential [7] was observed when the
patient had the SCS switched off. There was no observable evoked potential
when the patient had the SCS switched on. It should be noted that due to the
small number of stimuli used, the EP is greatly affected by noise. In order to
confirm and extend this limited observation, future work would benefit from an
increase in the number of stimuli. Here, 25 stimuli were used in each condition,
which were further reduced to 18/19 after removal of eyeblink artefacts. By
increasing the number of stimuli to >40 the average waveform would benefit
from an improved signal to noise ratio, making the presence or absence of an EP
more obvious. It is possible that EPs were occurring during the SCS on condition,

but were obscured by the presence of random noise, and an increase in the



number of stimuli would reveal any EP present in the data. We note that it is
important to minimise participant discomfort, especially when the study
involves inflicting pain on a person already suffering chronic pain. However, the
present case study demonstrates the need for more stimuli, if we are to gather
higher quality data in the future.

Earlier work by Kemler and colleagues reported that SCS had no effect on pain
threshold [5]. We are unable to say if the pain threshold was affected by SCS in
this case, as the maximum operating temperature of the Pathway system (55°C)
was reached with SCS off, making any increase in threshold impossible to detect
once the SCS was on. The patient did report a dramatic (71.4%) decrease in pain
from the heat stimuli at the same temperature after the SCS was switched on.
This implies that the SCS has a modulating effect on the perception of heat
stimuli. How this modulation occurs is not clear.

The average waveform also shows a large artefact in all channels which begins
around -100ms and ends around 300ms. This artefact is generated by the CHEPS
machinery when the thermode is heating up, and is identical in all trials.
Previous studies using CHEPS have reported such artefacts [8] and it has been
possible to reduce or even completely eliminate this artefact by reducing the
impedance at all electrodes to <5k(1 [9]. However it is not always possible to
spend the extra time required to achieve minimal impedance, especially when
the participant is experiencing discomfort.

In conclusion, this case report suggests that SCS for the management of CRPS
may contribute to a decrease in both the subjective perception of thermal pain
and the neuronal activity evoked by pain stimuli. EEG analysis of contact heat

evoked potentials with SCS off and on allows for a more objective assessment of



response to SCS management. A case series in this patient population is

warranted to corroborate these results.

Funding: The authors received no financial support for the research, authorship,

and/or publication of this article.

Conflicts of interest: The authors declare no potential conflicts of interest with

respect to the research, authorship, and/or publication of this article.

References

1.

Kemler MA, Barendse GA, van Kleef M, de Vet HC, Rijks CP, Furnée CA, van
den Wildenberg FA (2000) Spinal cord stimulation in patients with
chronic reflex sympathetic dystrophy. N Engl | Med 343:618-624

Gong W, Johanek LM, Sluka KA (2014) Spinal cord stimulation reduces
mechanical hyperalgesia and restores physical activity levels in animals
with noninflammatory muscle pain in a frequency-dependent manner.
Anesth Analg 119:186-195

Sato KL, King EW, Johanek LM, Sluka KA (2013) Spinal cord stimulation
reduces hypersensitivity through activation of opioid receptors in a
frequency-dependent manner. Eur ] Pain 17:551-561

Sato KL, Johanek LM, Sanada LS, Sluka KA (2014) Spinal cord stimulation
reduces mechanical hyperalgesia and glial cell activation in animals with
neuropathic pain. Anesth Analg 118:464-472

Kemler MA, Reulen JP, Barendse GA, van Kleef M, de Vet HC, van den

Wildenberg FA (2001) Impact of spinal cord stimulation on sensory



characteristics in complex regional pain syndrome type I: a randomized
trial. Anesthesiology 95:72-80

. Harden RN, Bruehl S, Stanton-Hicks M, Wilson PR (2007) Proposed new
diagnostic criteria for complex regional pain syndrome. Pain Med 8:326-
331

. Chen A, Niddam D, Arendt-Nielsen L (2001) Contact heat evoked
potentials as a valid means to study nociceptive pathways in human
subjects. Neurosci Lett 316:79-82

. Pralong E, Pollo C, Bloch |, Villemure ]G, Daniel RT, Tétreault MH,
Debatisse D (2004) Recording of ventral posterior lateral thalamus
neuron response to contact heat evoked potential in patient with
neurogenic pain. Neurosci Lett 367:332-335

. Mayhew SD, Hylands-White N, Porcaro C, Derbyshire SW, Bagshaw AP
(2013) Intrinsic variability in the human response to pain is assembled

from multiple, dynamic brain processes. Neuroimage 75:68-78



Figure 1. Demonstrative example of the thermode held onto the dorsum of

right hand in a stimulation position.
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Figure 2. Scalp distribution of the effect of spinal cord stimulation on contact

heat evoked potentials.
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