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Abstract: It was well-documented that epilepsy and pain arise from an excitation-inhibition imbalance within neuronal networks. A previous meta-analysis of data from clinical trials showed an association between anticonvulsants
and specific pain types, e.g. multiple sclerosis pain. Multiple multicentre randomized controlled trials have shown
that antiepileptic drugs have a prominent role in the treatment of several types of pain, e.g. neuropathic pain. Many
anticonvulsants have been introduced to better manage acute postoperative pain, with improvements in analgesic
efficacy and safety. These data suggested that there existed the similar mechanisms of certain forms of epilepsy
and pain, and the therapeutic mechanism of spinal cord stimulation for certain forms of epilepsy and pain may be
involved in the melanocortinergic signaling, and the change in cerebral glucose metabolism. We hypothesized that
pressure pain assessment may predict the outcome of spinal cord stimulation in refractory epilepsy.
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Introduction
Spinal cord stimulation (SCS), also known as
dorsal column stimulation, is a viable alternative treatment modal for certain forms of drug
resistant epilepsies [1-3]. Currently, however,
the success of spinal cord stimulation cannot
be preoperatively predicted. It was reported
that an anticonvulsant drug gabapentin reduced postoperative pain and the need for opioids, and enabled earlier ambulation of the
patient [4-6]. Data from clinical trials showed
that pressure pain assessment predicted postoperative pain [7-10]. Nevertheless, it was still
unclear whether pressure pain assessment
predicted the efficacy of spinal cord stimulation
in refractory epilepsy. We would like to further
discuss this idea by introducing an electronic
pressure algometer [10].
A previous meta-analysis of data from clinical
trials showed an association between anticonvulsants and specific pain types, e.g. multiple
sclerosis pain [11]. Multiple multicentre randomized controlled trials have shown that antiepileptic drugs have a prominent role in the

treatment of several types of pain, e.g. neuropathic pain [12-17]. In addition, anticonvulsants, e.g. Gabapentin and pregabalin, have
been introduced to better manage acute postoperative pain, with improvements in analgesic
efficacy and safety [6, 18]. These data suggested that there existed the similar mechanisms of
certain forms of epilepsy and pain.
The hypothesis
It was well-documented that epilepsy and pain
arise from an excitation-inhibition imbalance
within neuronal networks [19-29]. As spinal
cord stimulation (SCS) exists the some advantages of reversibility and adjustability, it is
expected to have therapeutic effects for
patients with intractable epilepsy. We hypothesized that pressure pain assessment may predict the outcome of spinal cord stimulation in
refractory epilepsy.
Evaluation of the hypothesis
Recent work suggests that pressure pain
assessment may predict postoperative pain
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Figure 1. Schematic diagram of pressure pain assessment predicting the outcome of spinal cord stimulation in
refractory epilepsy. A. Image of epilepsy attack. Epilepsy is a diverse neurological disorder in which excessive disruption to the brains activity causes recurring seizures or brief episodes of altered consciousness. B. Diagrams of
cross sections of the spinal cord at cervical (C) and thoracic (T) levels. Anatomical plates taken from Brichta A.M.
and Grant G. (1985) [31]. A small wire (called a lead) connected to a power source is surgically implanted under the
skin. C. Mechanical algometer with a 0.1 cm2 size probe. Locations 1, 2, and 3 on the right forearm. Some drawings
were taken from Y. Duan (2013) [8]. D. Photograph showing how a digital algometer was used to apply stimulation
to muscle on the right forearm.

[7-10]. There were three types of pain stimuli to
be applied for the assessment of pain sensitivity: thermal, pressure, and electrical pain [7,
30-34]. Pressure stimuli, the most common
stimulus applied to evaluate pain sensitivity,
were delivered by use of a special stimulation
device, e.g., the mechanical algometer [35,
36], a handheld pressure applier and a series
of calibrated rigid filaments (von Frey hairs).
These instruments provided a precise force
over the skin (i.e., point pressure) for pressure
pain analysis [37], despite the variable skin
resistance. The pressure stimulation was usually applied over the forearm, the lower leg, ear,
and fingers.
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We introduced pressure pain assessment on
muscle by an electronic pressure algometer.
First, intensities were adjusted to cause weak
and strong pain sensation (i.e., the pressure
pain threshold and pressure pain tolerance) at
a target site (i.e., the forearm) in preliminary
testing. Next, perpendicularly applying around
1 cm2 solid tip of an algometer probe (YISIDADS2, Hong Kong, China) on the surface (skin) at
the lateral brachioradialis of the right elbow
joint (Figure 1), the experimenter gradually
increased the pressure at a speed of 1 kg/s
until the subject verbally indicated that the
stimulation was painful. At that point, when
pain became intolerable, these values were
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recorded. This procedure was repeated 5 min
later, and the average of the three measurements was calculated. Duan et al. reported the
profiles of pressure pain threshold (PPT) and
pressure pain tolerance (PTO) of healthy undergraduates, and the results showed that the
ranges reference ranges (kg/cm2) of PPT were
1.19-4.63 in the males and 0.37-3.63 in the
females [38]. This survey established the normal reference ranges of tenderness thresholds
at the specific measuring spot for some specific
population. These ranges may serve as a reference for the sensitivity of individual tenderness
safely, accurately and simply [38].
Rapid advancements in neurostimulation technologies are providing relief to an unprecedented number of patients affected by debilitating
refractory epilepsy [23, 39-41]. Preliminary
reports demonstrated that high-frequency
stimulation for anterior nucleus thalamus (ANTHFS) is an effective treatment for patients who
suffer from y epilepsy, and Yan [42] hypothesized that outcome of EA at acupoints could
predict the therapeutic effect of ANT-HFS. Tian
indicated that the mechanism of electroacupuncture for predicting the efficacy of stimulation targeted at subthalamic nucleus in epilepsy might be involved in the melanocortinergic
signal [21, 43], and the change in cerebral glucose metabolism generated by electroacupuncture might predict the outcome of ANT
stimulation in refractory epilepsy [21]. We think
that the therapeutic mechanism of spinal cord
stimulation for certain forms of epilepsy and
pain may be involved in the melanocortinergic
signaling, and the change in cerebral glucose
metabolism.
Several lines of evidence have highlighted that
the link between spinal cord stimulation and
specific pain types is well established on many
levels [44-50]. Some literature findings suggested a possible direct effect of spinal cord
stimulation on the activating structures of
brainstem motor regions, leading to increase
the cortical and thalamic input [51]. Because
the therapeutic mechanisms of spinal cord
stimulation for certain forms of epilepsy and
pain were similar [1, 2, 52, 53], we might predict better prognosis of spinal cord stimulation
for patients with refractory epilepsy by reference to the pressure pain responses (including
pressure pain threshold and pressure pain tolerance). There is only limited scientific evidence
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to support the idea that pressure pain assessment may predict the outcome of spinal cord
stimulation in refractory epilepsy. Further studies are warranted in this area.
Conclusion
Based on the above analyses, we propose a
hypothesis that pressure pain assessment may
predict the outcome of spinal cord stimulation
in refractory epilepsy.
Acknowledgements
This work was supported by grants from Key
Research and Development Project of Hainan
Province of China (ZDYF2018115 to D.Z. W).
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Duo-Zhi Wu, Department of Anesthesiology, People’s Hospital of
Hainan Province, Haikou, Hainan, PR China. E-mail:
13976674619@163.com

References
[1]

[2]

[3]

[4]

[5]

[6]

Ozcelik L, Acar F, Cirak B, Suzer T, Coskun E,
Tahta K, Genc O and Ali Erken H. The influence
of cervical spinal cord stimulation on induced
epileptic discharges in rats. Brain Res 2007;
1135: 201-205.
Harreby KR, Sevcencu C and Struijk JJ. The effect of spinal cord stimulation on seizure susceptibility in rats. Neuromodulation 2011; 14:
111-116.
Ye DW, Ding DF, Liu TT, Tian XB, Liu C, Li RC
and Xiang HB. The optimal segment for spinal
cord stimulation in intractable epilepsy: a virally mediated trans-synaptic tracing study in
spinally transected transgenic mice. Epilepsy
& Behavior 2013; 29: 599-601.
Frouzanfard F, Fazel MR, Abolhasani A, Fakharian E, Mousavi G and Moravveji A. Effects of
gabapentin on pain and opioid consumption
after abdominal hysterectomy. Pain Res Manag 2013; 18: 94-96.
Sen H, Sizlan A, Yanarates O, Emirkadi H, Ozkan S, Dagli G and Turan A. A comparison of
gabapentin and ketamine in acute and chronic
pain after hysterectomy. Anesth Analg 2009;
109: 1645-1650.
Dauri M, Faria S, Gatti A, Celidonio L, Carpenedo R and Sabato AF. Gabapentin and pregabalin for the acute post-operative pain management. A systematic-narrative review of the

Am J Clin Exp Immunol 2018;7(6):95-99

Predicting the outcome of stimulation for refractory epilepsy

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]
[18]
[19]

[20]

98

recent clinical evidences. Curr Drug Targets
2009; 10: 716-733.
Abrishami A, Chan J, Chung F and Wong J. Preoperative pain sensitivity and its correlation
with postoperative pain and analgesic consumption: a qualitative systematic review. Anesthesiology 2011; 114: 445-457.
Duan G, Xiang G, Zhang X, Guo S and Zhang Y.
An Improvement of mechanical pain sensitivity
measurement method: the smaller sized
probes may detect heterogeneous sensory
threshold in healthy male subjects. Pain Med
2013; 15: 272-280.
Hsu YW, Somma J, Hung YC, Tsai PS, Yang CH
and Chen CC. Predicting postoperative pain by
preoperative pressure pain assessment. Anesthesiology 2005; 103: 613-618.
Duan G, Xiang G, Zhang X, Yuan R, Zhan H and
Qi D. A single-nucleotide polymorphism in SCN9A may decrease postoperative pain sensitivity in the general population. Anesthesiology
2013; 118: 436-442.
Jawahar R, Oh U, Yang S and Lapane KL. A Systematic review of pharmacological pain management in multiple sclerosis. Drugs 2013;
73: 1711-1722.
Pereira A, Gitlin MJ, Gross RA, Posner K and
Dworkin RH. Suicidality associated with antiepileptic drugs: implications for the treatment
of neuropathic pain and fibromyalgia. Pain
2013; 154: 345-349.
Vargas-Espinosa ML, Sanmarti-Garcia G,
Vazquez-Delgado E and Gay-Escoda C. Antiepileptic drugs for the treatment of neuropathic
pain: a systematic review. Med Oral Patol Oral
Cir Bucal 2012; 17: e786-793.
Lordos EF, Trombert V, Vogt N and Perrenoud
JJ. Antiepileptic drugs in the treatment of neuropathic pain: drug-to-drug interaction in elderly people. J Am Geriatr Soc 2009; 57: 181182.
Eisenberg E, River Y, Shifrin A and Krivoy N. Antiepileptic drugs in the treatment of neuropathic pain. Drugs 2007; 67: 1265-1289.
Pappagallo M. Newer antiepileptic drugs: possible uses in the treatment of neuropathic pain
and migraine. Clin Ther 2003; 25: 2506-2538.
Attal N. Antiepileptic drugs in the treatment of
neuropathic pain. Expert Rev Neurother 2001;
1: 199-206.
Argoff CE. Recent Management advances in
acute postoperative pain. Pain Pract 2013; 14:
477-487.
Xiang HB, Liu C, Liu TT and Xiong J. Central circuits regulating the sympathetic outflow to
lumbar muscles in spinally transected mice by
retrograde transsynaptic transport. Int J Clin
Exp Pathol 2014; 7: 2987-2997.
Hao Y, Guan XH, Liu TT, He ZG and Xiang HB.
Hypothesis: the central medial amygdala may

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

be implicated in sudden unexpected death in
epilepsy by melanocortinergic-sympathetic signaling. Epilepsy Behav 2014; 41: 30-32.
Tian XB, Feng J, Bu HL, Liu C, Liu TT, Xiang HB
and Liu ZH. The change in cerebral glucose
metabolism generated by electroacupuncture
may predict the outcome of stimulation of the
anterior nucleus thalamus in refractory epilepsy. Epilepsy Behav 2013; 29: 427-429.
Xiang HB, Zhu WZ, Bu HL, Liu TT and Liu C. Possible mechanism of subthalamic nucleus stimulation-induced acute renal failure: a virally
mediated transsynaptic tracing study in transgenic mouse model. Mov Disord 2013; 28:
2037-2038.
Xiang HB, Zhu WZ, Guan XH and Ye DW. Possible mechanism of deep brain stimulation for
pedunculopontine nucleus-induced urinary incontinence: a virally mediated transsynaptic
tracing study in a transgenic mouse model.
Acta Neurochir (Wien) 2013; 155: 1667-1669.
Xu LJ, Liu TT, He ZG, Hong QX and Xiang HB.
Hypothesis: CeM-RVLM circuits may be implicated in sudden unexpected death in epilepsy
by melanocortinergic-sympathetic signaling.
Epilepsy Behav 2015; 45: 124-127.
Ye DW, Liu C, Liu TT, Tian XB and Xiang HB. Motor cortex-periaqueductal gray-spinal cord neuronal circuitry may involve in modulation of
nociception: a virally mediated transsynaptic
tracing study in spinally transected transgenic
mouse model. PLoS One 2014; 9: e89486.
Liu TT, He ZG, Tian XB, Liu C, Xiang HB and
Zhang JG. Hypothesis: astrocytes in the central
medial amygdala may be implicated in sudden
unexpected death in epilepsy by melanocortinergic signaling. Epilepsy Behav 2015; 42: 4143.
Hao Y, Liu TT, He ZG, Wu W and Xiang HB. Hypothesis: CeM-PAG GABAergic circuits may be
implicated in sudden unexpected death in epilepsy by melanocortinergic signaling. Epilepsy
Behav 2015; 50: 25-28.
Liu TT, He ZG, Tian XB and Xiang HB. Neural
mechanisms and potential treatment of epilepsy and its complications. Am J Transl Res
2014; 6: 625-630.
Hong Q, Ke B, Yang H, Liu TT, Mei W, Xiang HB
and Fang GG. Cuneiform nucleus stimulation
as adjunct treatment for intractable epilepsy: a
virally mediated transsynaptic tracing study in
spinally transected transgenic mice. Epilepsy
Behav 2014; 33: 135-137.
Wang Q, Li ZX, Liu BW, He ZG, Liu C, Chen M,
Liu SG, Wu WZ and Xiang HB. Altered expression of differential gene and lncRNA in the
lower thoracic spinal cord on different time
courses of experimental obstructive jaundice
model accompanied with altered peripheral

Am J Clin Exp Immunol 2018;7(6):95-99

Predicting the outcome of stimulation for refractory epilepsy

[31]

[32]

[33]
[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

99

nociception in rats. Oncotarget 2017; 8:
106098-106112.
Liu T, He Z, Tian X, Kamal GM, Li Z, Liu Z, Liu H,
Xu F, Wang J and Xiang H. Specific patterns of
spinal metabolites underlying alpha-Me-5-HTevoked pruritus compared with histamine and
capsaicin assessed by proton nuclear magnetic resonance spectroscopy. Biochim Biophys
Acta 2017; 1863: 1222-1230.
Liu BW, Li ZX, He ZG, Liu C, Xiong J and Xiang
HB. Altered expression of target genes of spinal cord in different itch models compared
with capsaicin assessed by RT-qPCR validation. Oncotarget 2017; 8: 74423-74433.
Li ZX, Liu BW, He ZG and Xiang HB. Melanocortin-4 receptor regulation of pain. Biochim Biophys Acta 2017; 1863: 2515-2522.
Liu TT, Liu BW, He ZG, Feng L, Liu SG and Xiang
HB. Delineation of the central melanocortin
circuitry controlling the kidneys by a virally mediated transsynaptic tracing study in transgenic mouse model. Oncotarget 2016; 7: 6925669266.
Zhang Y, Zhang S, Gao Y, Tan A, Yang X, Zhang
H, Wu C, Lu Z, Liao M, Xie Y, Zhang Z, Qin X, Yu
X, Li L, Hu Y and Mo Z. Factors associated with
the pressure pain threshold in healthy chinese
men. Pain Med 2013; 14: 1291-1300.
Maeda L, Ono M, Koyama T, Oshiro Y, Sumitani
M, Mashimo T and Shibata M. Human brain
activity associated with painful mechanical
stimulation to muscle and bone. J Anesth
2011; 25: 523-530.
Zimmer HG. The heart-lung machine was invented twice--the first time by Max von Frey.
Clin Cardiol 2003; 26: 443-445.
Duan GY and Zhang XW. [A survey of normal
reference ranges of tenderness threshold in
healthy undergraduates]. Zhonghua Yi Xue Za
Zhi 2012; 92: 448-451.
Edwards CA, Kouzani A, Lee KH and Ross EK.
Neurostimulation devices for the treatment of
neurologic disorders. Mayo Clin Proc 2017; 92:
1427-1444.
Kotwas I, McGonigal A, Bastien-Toniazzo M,
Bartolomei F and Micoulaud-Franchi JA. Stress
regulation in drug-resistant epilepsy. Epilepsy
Behav 2017; 71: 39-50.
Qiu Q, Li RC, Ding DF, Liu C, Liu TT, Tian XB,
Xiang HB and Cheung CW. Possible mechanism of regulating glucose metabolism with
subthalamic nucleus stimulation in parkinson’s disease: a virally mediated trans-synaptic tracing study in transgenic mice. Parkinsonism Relat Disord 2014; 20: 468-470.
Yan N, Chen N, Lu J, Wang Y and Wang W. Electroacupuncture at acupoints could predict the
outcome of anterior nucleus thalamus highfrequency electrical stimulation in medically
refractory epilepsy. Med Hypotheses 2013;
81: 426-428.

[43] Tian XB, Li RC, Bu HL, Liu C, Liu TT, Xiang HB
and Lu CJ. The mechanism of electroacupuncture for predicting the efficacy of deep brain
stimulation in pharmacoresistant epilepsy may
be involved in the melanocortinergic signal.
Epilepsy Behav 2013; 29: 594-6.
[44] Xiang HB, Liu C, Ye DW and Zhu WZ. Possible
mechanism of spinal T9 stimulation-induced
acute renal failure: a virally mediatedtranssynaptic tracing study in transgenic mouse model.
Pain Physician 2013; 16: E47-E49.
[45] Stancak A, Kozak J, Vrba I, Tintera J, Vrana J,
Polacek H and Stancak M. Functional magnetic resonance imaging of cerebral activation
during spinal cord stimulation in failed back
surgery syndrome patients. Eur J Pain 2008;
12: 137-148.
[46] Kim CH and Issa M. Spinal cord stimulation for
the treatment of chronic renal pain secondary
to uretero-pelvic junction obstruction. Pain
Physician 2011; 14: 55-59.
[47] Tomycz ND, Ortiz V and Moossy JJ. Simultaneous intrathecal opioid pump and spinal cord
stimulation for pain management: analysis of
11 patients with failed back surgery syndrome.
J Pain Palliat Care Pharmacother 2010; 24:
374-383.
[48] Fenelon G, Goujon C, Gurruchaga JM, Cesaro
P, Jarraya B, Palfi S and Lefaucheur JP. Spinal
cord stimulation for chronic pain improved motor function in a patient with Parkinson’s disease. Parkinsonism Relat Disord 2012; 18:
213-214.
[49] He ZG, Wang Q, Xie RS, Li YS, Hong QX and
Xiang HB. Neuroanatomical autonomic substrates of brainstem-gut circuitry identified using transsynaptic tract-tracing with pseudorabies virus recombinants. Am J Clin Exp
Immunol 2018; 7: 16-24.
[50] Wang Q, He ZG, Li ZX, Li SY, Chen YL, Feng MH,
Hong QX and Xiang HB. Bioinformatics analysis
of gene expression profile data to screen key
genes involved in cardiac ischemia-reperfusion injury. Int J Clin Exp Med 2018; 11: 49554966.
[51] Landi A, Trezza A, Pirillo D, Vimercati A, Antonini A and Sganzerla EP. Spinal cord stimulation for the treatment of sensory symptoms in
advanced Parkinson’s disease. Neuromodulation 2013; 16: 276-279.
[52] Thompson A, Morishita T and Okun MS. DBS
and electrical neuro-network modulation to
treat neurological disorders. Int Rev Neurobiol
2012; 107: 253-282.
[53] Guttman OT, Hammer A and Korsharskyy B.
Spinal cord stimulation as a novel approach to
the treatment of refractory neuropathic mediastinal pain. Pain Pract 2009; 9: 308-311.

Am J Clin Exp Immunol 2018;7(6):95-99

