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Abstract

Spinal cord parenchymal lesions may induce intractable neuropathic pain. However, the efficacy of

conventional spinal cord stimulation for the neuropathic pain following spinal cord lesions remains to

be controversial. In this study, we present three cases of spinal cord stimulation using a paddle lead

at the rostral side of the spinal lesion causing pain symptoms. Good pain reductions were achieved

using conventional stimulation in one case and using differential target multiplexed stimulation in

two cases. Case 1: A 55-year-old man presented with neuropathic pain affecting his bilateral upper ex-

tremities due to a traumatic cervical spinal cord injury. Conventional stimulation via a paddle-type

electrode was able to reduce the pain from 8 to 4 via a visual analog scale. Case 2: A 67-year-old man

had undergone three spinal surgeries. He presented with pain and numbness of bilateral lower ex-

tremities due to a spinal cord lesion by thoracic disc herniation. Differential target multiplexed stimu-

lation via a paddle-type electrode achieved excellent pain reduction, that is, from 9 to 2 on the visual

analog scale. Case 3: An 80-year-old man presented with pain in his bilateral upper extremities due to

a cervical spinal cord lesion caused by compression and spinal canal stenosis. Posterior cervical de-

compression and paddle-type electrode placement were performed simultaneously. Differential target

multiplexed stimulation was able to achieve excellent pain reduction, from 7 to 2 on the visual analog

scale. Spinal cord stimulation using a paddle lead at the rostral side of the spinal lesion and differen-

tial target multiplexed stimulation may provide significant opportunities for patients with intractable

neuropathic pain following spinal cord lesions.
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Introduction

A spinal cord parenchymal lesion is known to be caused

by several pathogenetic mechanisms, such as trauma, tu-

mor, vascular malformation, or severe spinal cord com-

pression. Sensory fibers run through the dorsal spinal cord

parenchyma, and damage on these sensory fibers may in-

duce neuropathic pain. Spinal cord injury (SCI) may result

in paralysis and other dysfunctions, typically pain symp-

toms. Post-SCI pain may exacerbate recovery of motor

function, and it can further lead to depression or even sui-

cide. Post-SCI pain can be divided into nociceptive and

neuropathic categories. Post-SCI neuropathic pain is well

known to be refractory to pharmacological therapies.1)

Similarly, neuropathic pain following spinal cord lesions

can result in similar conditions of post-SCI neuropathic

pain. Therefore, pain control is one of the key focuses for

patients with neuropathic pain following spinal cord le-
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sions. Various neurostimulation therapies, such as motor

cortex stimulation, deep brain stimulation, or spinal cord

stimulation (SCS), have been used to treat neuropathic

pain following spinal cord lesions.2) However, the efficacy of

SCS for neuropathic pain following spinal cord lesions re-

mains to be controversial because there have been no ran-

domized controlled trials, and current treatment guidelines

do not recommend it.3,4) However, there have been reports

of the use of conventional SCS for neuropathic pain fol-

lowing spinal cord lesions, and some have reported its effi-

cacy.5,6)

The optimal placements of SCS devices for neuropathic

pain following spinal cord lesions are yet to be established.

One of the mechanisms of the effect of SCS is based on

gate control theory.7,8) According to the theory, SCS allevi-

ates pain by rostral side electric stimulation of the spinal

lesion. Recently, new stimulation methods that are

paresthesia-free have been developed. The new stimulation

methods demonstrated more efficacy than conventional

SCS.9,10) Differential target multiplexed (DTM) stimulation,

which is deemed superior to conventional stimulation, has

been considered to be the latest new paresthesia-free SCS

method.11) The mechanisms of DTM stimulation are unique

and specific, and they are distinct from other stimulation

methods.12)

In this study, we present three cases with good out-

comes from SCS using a paddle lead for intractable neuro-

pathic pain following spinal cord lesion. The paddle lead

was placed on the rostral side of the previous spinal lesion

by laminectomy under general anesthesia. Two of the three

cases underwent the new DTM stimulation and achieved

good pain reduction.

Case Report

Case 1

A 55-year-old man suffered from a head trauma 6 years

earlier. He presented with tetraplegia without conscious-

ness disturbance. Computed tomography (CT) showed dis-

location of a cervical vertebral body (Fig. 1A). As per his

magnetic resonance imaging (MRI) findings, compression

of the spinal cord at the C6/7 level was detected (Fig. 1B).

Cervical fusions were performed in the acute traumatic

stage (Fig. 1C). However, MRI demonstrated residual high-

intensity findings of the spinal cord (Fig. 1D). Motor func-

tion was noted to improve gradually, although pain at bi-

lateral upper extremities remained (Fig. 1E). The pain was

severe, and full-dose medical treatment had already been

performed. Therefore, an SCS trial was planned using per-

cutaneous cylinder-type electrodes (Model 977A190; Med-

tronic Inc., Minneapolis, MN, USA). Adhesion was so

strong that the cylinder-type electrodes were placed on the

caudal side of the SCI (Fig. 1F). The SCS trial was deemed

not effective, although the patient demanded another

method to alleviate the pain because as it was severe.

Then, a paddle-type electrode (Model 977C190; Medtronic

Inc.) was placed at the rostral side of the previous surgical

site by laminectomy under general anesthesia (Fig. 1G, H).

At the same time, an implantable pulse generator (IPG)

was implanted (Intellis; Medtronic Inc.). Tonic stimulation

(frequency 5 Hz, pulse width 500 μs) achieved pain reduc-

tion from 8 to 4 on a visual analog scale (VAS), although

high-dose stimulation was found ineffective. At that time,

DTM stimulation was not available. The effects of SCS

have continued for 3 years, and oral medications including

pregabalin and antidepressant and non-steroidal anti-

inflammatory drugs were decreased.

Case 2

A 67-year-old man presented initially 8 years earlier with

low back pain and numbness of the left lower extremity.

He had undergone three spinal surgeries. The first surgery

was Th10/11 anterior lateral fusion 8 years earlier, and the

second surgery was L5/S1 fusion 6 years earlier, and these

fusions were confirmed on CT (Fig. 2A). However, his MRI

showed compression of the spinal cord by thoracic disc

herniation with high-intensity findings at the Th10/11 level

(Fig. 2B). The third surgery, that is, thoracic posterior de-

compression, was performed 5 years earlier. Laminecto-

mies of Th10 and 11 were confirmed on CT (Fig. 2C). MRI

showed residual high-intensity findings of the spinal cord

(Fig. 2D). After the third surgery, pain and numbness of

the bilateral lower extremities and a gait disturbance were

noted to appear (Fig. 2E). The patient continued to suffer

from severe pain despite three spinal surgeries and suffi-

cient medical treatment. Strong epidural adhesion was ex-

pected due to the history of multiple spinal surgeries.

Therefore, a paddle-type electrode (Model 977C165; Med-

tronic Inc.) was placed at the rostral side of the previous

surgical site via laminectomy (Fig. 2F, G). At the same sur-

gery, an IPG was implanted. DTM stimulation achieved ex-

cellent pain reduction, from 9 to 2 on the VAS. Further-

more, the numbness of bilateral lower extremities was re-

lieved nearly by half, and his gait disturbance also im-

proved. These effects continued for 1 year.

Case 3

An 80-year-old man presented with numbness of the ex-

tremities about 30 years earlier. He underwent cervical sur-

gery and anterior fusion, but the numbness of the extremi-

ties did not improved. Unfortunately, he presented with

new-onset pain in his bilateral upper extremities and dete-

riorated gradually (Fig. 3A). The patient had undergone

conservative management and had severe pain for a long

time. MRI and CT showed C4/5 and C6/7 level spinal cord

compression with high-intensity findings and spinal canal

stenosis (Fig. 3B-E). Combination surgery of posterior de-

compression and paddle-type electrode placement was

performed, using the following surgical procedures. The

vertebral arches from C3 to C6 were opened in double-
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Fig.　1　
A, B: Cervical images of the acute phase of head trauma. A: Computed tomography shows anterior dislocation of a cervical verte-

bral body (arrow: C6 vertebral body). B: Magnetic resonance T2-weighted image shows compression of the spinal cord at the C6/7

level.

C, D: Cervical images of the chronic phase after cervical fusion surgery. C: Reset and fusion of the cervical vertebral body are con-

firmed via computed tomography. D: Magnetic resonance T2-weighted image demonstrates residual high-intensity findings of the

spinal cord at the C6/7 level.

E: Schematic diagram shows the location of sensory disturbances (dark gray: pain, light gray: numbness).

F-G: Cervical X-rays show the location of spinal cord stimulation devices (red circle: location of spinal cord injury). F: Cylinder-

type electrodes placed at the caudal side of the spinal cord injury. G, H: A paddle-type electrode placed at the rostral side of the 

spinal cord injury.

door form, the superior margin of the C7 vertebral arch

was whittled, the yellow ligament was removed, a paddle-

type electrode was placed (Model 977C265; Medtronic

Inc.), laminoplasties were performed, and an IPG was im-

planted (Fig. 3F, G). The X-ray showed the paddle-type

electrode located at the rostral side of the C6/7 level (Fig.

3H, I). After the decompression, the pain in his bilateral

upper extremities persisted without SCS 2 days from the

surgery. Then, DTM stimulation was started and achieved

excellent pain reduction from 7 to 2 on the VAS, and the

effect continued for 1 year.

Discussion

It has been estimated that 30 to 80% of SCI patients ex-

perience chronic pain, and nearly one-third of SCI patients

suffer from severe pain.13,14) Based on the location of pain

from the level of the neurological injury, neuropathic pain

can be categorized into above-level, at-level, and below-

level pain.15) More than 30% of patients were found to have

developed below-level pain within 5 years after injury.16)

One of the mechanisms of the below-level SCI pain in-

volves dysfunction of the spinothalamic tract.17,18) The dam-

aged spinothalamic tracts following SCI are often related

to enhanced neuronal excitability and reduced descending

pain inhibition, leading, in turn, to chronic central neuro-
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Fig.　2　
A, B: Lumbar images after the second spinal surgery. A: Computed tomography shows Th10/11 and L5/S1 fusions. B: Magnetic res-

onance T2-weighted image shows compression of the spinal cord by thoracic disc herniation with high-intensity findings at the

Th10/11 level.

C, D: Lumbar images after the third spinal surgery. C: Thoracic posterior decompression is confirmed on computed tomography.

D: Magnetic resonance T2-weighted image demonstrates residual high-intensity findings of the spinal cord at the Th10/11 level.

E: Schematic diagram shows the location of sensory disturbances (dark gray: pain).

F, G: Thoracic X-rays show a paddle-type electrode placed at the rostral side of the spinal cord injury (red circle: location of spinal

cord injury).

pathic pain.19) On a cellular level, microglial cells and astro-

cytes are activated in the early phase after SCI to remove

debris and damaged cells.20) Then, these glial cells can be

persistently activated to release several chemicals, includ-

ing glutamate, pro-inflammatory cytokines, and reactive

oxygen species. These chemicals are known to contribute

to the development of central sensitization and neuro-

pathic pain. In addition, hypersensitive neurons in the dor-

sal column of the spinal cord mediate pain secondary to

increased aberrant background activity and altered sodium

channel currents. Non-traumatic spinal cord parenchymal

lesions are often induced by severe spinal cord compres-

sion or spinal lesions such as tumors or vascular malfor-

mations. These cases also have histories of spinal surgery

of decompression or lesion removal. In cases of residual

damage of spinal cord parenchyma, the lesion may induce
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Fig.　3　
A: Schematic diagram shows the location of sensory disturbances (dark gray: pain, light gray: numbness).

B-E: Cervical images before implantation of the spinal cord stimulation device.

B-D: Magnetic resonance T2-weighted images show C4/5 and C6/7 level spinal cord compression with high-intensity findings (C,

white arrows: C4/5, D, block arrows: C6/7). E: Computed tomography shows the previous fusion of C6/7 and spinal canal stenosis.

F, G: Cervical images show cervical posterior decompression and placement of a spinal cord stimulation device (F: magnetic reso-

nance image, I: computed tomography).

H, I: The X-rays show a paddle-type electrode located at the rostral side of the C6/7 level (red circle: location of spinal cord injury).

neuropathic pain, which is similar to the pathogenesis of

post-SCI pain.

Conventional SCS is known to deliver mild electrical

pulses and elicit comfortable paresthesia.21) In conventional

SCS, stimulation parameters including frequency, pulse

width, and voltage are modified.22) It is deemed essential

that the elicited paresthesia overlaps the painful area in

order to ameliorate the pain symptoms.22) The mechanisms

of the analgesic effect of conventional SCS are activation of

spinal GABAergic interneurons in the dorsal horn and of

descending pain inhibitory pathways.7,8,23) Therefore, con-

ventional SCS for alleviating pain symptoms requires intact

dorsal column structures and afferent pathways from the

peripheral nervous system to the central nervous system.7)

A review of 27 clinical studies reported a success rate of

30-40% for conventional SCS treatment for neuropathic

pain following spinal cord lesions.24) In general, patients

with neuropathic pain following spinal cord lesions are

much less responsive to conventional SCS than those with

failed back surgery pain syndromes or peripheral neuro-

pathic pain. In a larger cohort study, conventional SCS was

found to be more effective in reducing pain in patients

with incomplete spinal cord lesions compared with com-

plete lesions.25) The efficacy of conventional SCS for neuro-

pathic pain following spinal cord lesions depends on the

number of residual fibers and neuronal structures within

the injured cord.21,26)

DTM stimulation has been shown to modulate gene ex-

pressions in the spinal cord at the site of stimulation and

at the dorsal root ganglion.12) The DTM approach uses

multiple electrical signals to modulate glial cells and neu-

rons and rebalance their interactions.12) Fishmann et al. re-

ported the superiority of DTM stimulation, as compared to

conventional SCS for chronic low back pain.11) In total, 126
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patients were randomized across 12 centers, and 94 pa-

tients received permanent SCS implantation. The chronic

low back pain responder rate was 80.1% with DTM stimu-

lation, which was superior to 51.2% with conventional SCS.

These results were sustained for 12 months. There are few

reports of the use of DTM stimulation for post-SCI neuro-

pathic pain. In the present cases 2 and 3, DTM stimulation

achieved excellent pain reduction that continued. Activity

and modulation of glial cells are determined to be key fac-

tors in both post-SCI neuropathic pain and DTM stimula-

tion.12,20)

SCS is a not radical, but is a supportive treatment for

intractable pain. In addition, implantation of SCS devices

has posed the risk of device-related problems. Therefore, it

is essential to rule out curable spinal or peripheral nerve

disorders inducing intractable pain before SCS procedures.

The indication for SCS is intractable neuropathic pain

without curable disorders, and not achieving sufficient al-

leviation despite sufficient medical treatment. In these pre-

sent cases, curable disorders were ruled out by spinal sur-

gery specialists. SCS is generally performed by two staged

procedures. Initially, the alleviating effects of SCS are as-

sessed by an SCS trial using cylinder-type electrodes via

percutaneous insertion under local anesthesia. If apparent

alleviating effects are confirmed, IPG implantation is then

performed next. Atypical SCS procedures were used in

these present cases. Therefore, the procedures should only

be applied for intractable neuropathic pain following a spi-

nal cord lesion with a history of spinal surgery.

Patients presenting with neuropathic pain following spi-

nal cord lesions often have past histories of spinal surgery.

Insertion of an electrode via a percutaneous approach

from caudal of the previous surgical side may pose several

risks. First, passing the electrode around the previous sur-

gical site may be a challenge due to epidural adhesions.

Second, passing the previous surgical site may impair nor-

mal structures, including the dura mater or the spinal

cord. Finally, passing the previous surgical site may induce

bleeding from neovascular vessels of granulation tissues.

According to the gate control theory,7,8) the SCS electrode

device should be placed on the rostral side of the lesion

that causes the pain symptoms. However, the SCS elec-

trode device may be more likely to be placed on the cau-

dal side of the lesion in patients with neuropathic pain fol-

lowing spinal cord lesions. In the present case 1, conven-

tional SCS on the rostral side of the lesion was able to

achieve good pain reduction, although the same SCS on

the caudal side of the lesion was not effective. The method

of placing the electrode device using laminectomy has two

advantages. One is that the device is certainly placed on

the rostral side of the previous surgery. The other is that

the paddle-type electrode device is safely inserted. The

paddle-type electrode delivers energy more efficiently with

lower rates of migration. However, its disadvantage is the

need to perform laminectomy under general anesthesia. In

the present case 3, spinal decompression and placement of

the electrode were performed on the same surgery. There-

fore, there are limitations of the assessments of the allevi-

ating effects of SCS. SCS was not started for 2 days to de-

tect early symptoms of postoperative complications. The

fact that the pain persisted without SCS, but excellent pain

reduction was achieved after starting DTM stimulation, in-

dicates the alleviating effects of SCS.

SCS using a paddle lead at the rostral side of the spinal

lesion may provide significant opportunities for patients

with intractable neuropathic pain following spinal cord le-

sions. Furthermore, DTM stimulation may be one of the ef-

fective new paresthesia-free stimulation methods for in-

tractable neuropathic pain following spinal cord lesions.

Abbreviation

CT: computed tomography

DTM: differential target multiplexed

IPG: implantable pulse generator

MRI: magnetic resonance image

SCI: spinal cord injury

SCS: spinal cord stimulation

VAS: visual analog scale
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