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Abstract

A 59-year-old woman, after surgery for cubital tunnel syndrome, developed complex regional pain syn-

drome in her right upper limb. Spinal cord stimulation (SCS) electrodes were placed at the C2-C5

level. A conventional low-frequency tonic stimulation was carried out, which attenuated pain. How-

ever, 4 years later, left-sided motor weakness and tolerance to SCS therapy occurred. Magnetic reso-

nance imaging revealed epidural granulation tissue around the electrodes that severely compressed

the cervical cord. We surgically removed the granuloma, which attenuated motor weakness. A histo-

logical examination showed that an allergic reaction to platinum or the insulator appeared responsi-

ble for fibrosis.
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Introduction

Since its introduction in 1967, spinal cord stimulation

(SCS) has been an efficient and safe method for the treat-

ment of chronic pain.1) Randomized controlled trials pre-

sented its efficacy for neuropathic conditions, including

failed back surgery syndrome and complex regional pain

syndrome (CRPS).2) Previous studies reported that the com-

plications of SCS were numerous, with an incidence of

30%-40%.2,3) However, most complications were related to

the hardware utilized, including electrode displacement

and migration. Biological and surgical complications, such

as infection, cerebrospinal fluid leakage, pain, and epidural

hematoma, have rarely been reported.4) To the best of our

knowledge, there have been very few reports of myelopathy

due to epidural fibrous scar tissue associated with SCS in

the past few decades.5-15) In this report, we present a case

of progressive severe cervical cord compression that oc-

curred 4 years after the surgical placement of SCS elec-

trodes in the cervical epidural space.

Case Report

Clinical history

A 59-year-old woman presented with CRPS of the right

forearm and hand several weeks after surgery for cubital

tunnel syndrome in the right elbow. In her right upper

limb, she developed right-sided allodynia, temperature

asymmetry, and motor weakness. In 2013, at another hos-

pital, two cylindrical epidural electrodes (Octad, Medtronic

Japan, Tokyo, Japan) were percutaneously placed at the C2-

C5 level, which attenuated pain after a several-day stimula-

tion trial. The implantable pulse generator (RestoreSensor,

Medtronic Japan, Tokyo, Japan) was then implanted. Her

symptoms were successfully controlled, and pain intensity

on the numeric rating scale (NRS) ranged between 3 and

7. She underwent electrode replacement (Vectris, Med-

tronic Japan, Tokyo, Japan) to switch to a new spinal cord

stimulator (RestoreSensor SureScan MRI model, Medtronic

Japan, Tokyo, Japan) that is compatible with magnetic

resonance imaging (MRI) in 2016. She had no complica-

tions during the perioperative period of reoperation, and

analgesic effects were achieved with the new device.

Stimulation parameters were a frequency of 15 Hz with

pulse duration and an intensity of 2.0 mA, respectively. A
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Fig.　1　
A. Plain radiographic films showing SCS electrodes at the C2

level. The right-sided fifth contact is a cathode (black arrow-

head), and the fourth and sixth are anode (white arrowheads).

B and C. Preoperative axial and sagittal T2-weighted MRI

showing severe spinal compression due to epidural fibrosis

around electrodes.

D. Postoperative sagittal image showing the resolution of spi-

nal cord compression after the removal of scar tissue and elec-

trodes.

follow-up MRI was not performed because stimulation

conditions remained unchanged. In 2019, pain intensity

gradually increased without mechanical issues with SCS or

other symptoms. Despite the current intensity of SCS,

which increased to the maximum level of 10.3 mA to

maintain analgesic effects, her pain was tolerant to SCS,

and she reported 8-10 on NRS.

In 2020, four years after electrode replacement, the pa-

tient developed progressive left motor weakness, neck and

occipital head pain, and paresthesia in the forearms,

wrists, and hands. MRI presented extensive compression of

the cervical cord by an epidural mass (Fig. 1). She was

transferred to our hospital for surgery to remove the mass

and device.

Examination

She had allergies to pollen and chicken meat. Blood

sample tests such as IgG, IgE, and IgG4 were within nor-

mal range. Systemic or local skin allergic reaction to the

SCS device was not observed.

Surgery

The patient underwent cervical laminectomy from the

C3 to C7 levels. Thick scar tissue was observed around the

electrodes, which compressed the spinal cord. Scar tissue

was completely removed from the dura mater.

Histopathological findings

A histopathological examination showed an acute epi-

sode of inflammation with neutrophils and eosinophils

around the electrodes, surrounded by chronic inflamma-

tion with plasma cells (Fig. 2). The electrodes were also

encapsulated by reactive collagen. An immunostaining

method using sections revealed fibrosis with IgG and IgG4

plasma cells (IgG > IgG4) (Fig. 3). CD3+ and CD20+ T cells

were also detected. No evidence of infection, major hemor-

rhage, or malignancy was found. No marked differences

were noted in these histopathological findings between the

cathode, anode, and nonactive contacts. Furthermore,

these histopathological findings were uniformly observed

over the entire lesion segment.

Postoperative course

After surgery, motor weakness and paresthesia on the

left side of the body improved without complications. Post-

operative spinal MRI showed complete mass removal (Fig.

1).

Discussion

In this report, we present a case of cervical spinal cord

compression owing to scar tissue after percutaneous SCS

placement. SCS is a safe and effective treatment for

chronic pain syndromes, including intractable neuropathic

pain. Complications related to SCS were minor,4) and the

rate of serious complications was low.16)

Thirteen cases of spinal cord compression caused by

scar tissue around the electrodes, including the present

case, have been reported in the past two decades (Table

1).5-15) Interestingly, not only invasive surgical placement of

large paddle electrodes (n = 8) but also minimally invasive

percutaneous placement of small rod electrodes (n = 4) led

to thick epidural mass development. An epidural electrode

may have inherent risks because the epidural mass may

not have been related to the open surgical procedure.

As hypothesized by previous studies, foreign body reac-

tion may be a type of chronic inflammatory response to

the presence of epidural electrodes.11,15) Allergic reactions to

electrodes have been reported and result in local dermati-

tis and, in rare cases, systemic dermatitis.17) Our histologi-

cal results were consistent with previous studies, in which

histological specimens of epidural masses included scar

tissue, fibrosis, and a foreign body giant cell reaction.15) In

the present case, an acute episode of inflammation with

neutrophils and eosinophils around the electrodes was

also evident, although cutaneous manifestations were not

observed. Based on these findings, allergic reactions to

platinum, iridium alloy, polyurethane resin, or epoxy resin,

which are the constituent materials of epidural electrodes
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Fig.　2　
A and B. Overall and cross-sectional photographs showing the scar tissue removed.

C and D. Histopathological images showing acute inflammation with neutrophils and eosinophils, surrounded by chronic inflam-

mation with plasma cells. Hematoxylin and eosin stain: (C) ×10; (D) ×40.

Fig.　3　
A and B. Immunohistochemistry for IgG and IgG4 is positive in the tissue mass (IgG > IgG4).

C and D. Histopathological images showing the deposition of blue collagen around the electrodes. Masson’s trichrome stain: (C) 

×10; (D) ×40.
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Table　1　Summary of previous case reports of epidural mass lesions around electrodes

Author, 

years [ref]

Age, 

sex

SCS 

indication

Electrode 

type

SCS 

procedure
Location Tolerance Latency Histopathology Outcome

Dam-Hieu et 

al., 2010 [14]

66, F Arm pain 

after BPAI

Paddle 

(Resume, 

Medtronic) 

Surgical C4-C5 Yes 16 years Fibrosis, 

chronic 

inflammation

Full recovery

Dam-Hieu et 

al., 2010 [14]

58, M CRPS Paddle 

(Symix, 

Medtronic) 

Surgical C4-C5 Yes 5 years Scar tissue* Full recovery

Lennarson et 

al., 2010 [11]

56, F CRPS, FBSS Paddle 

(Resume II, 

Medtronic) 

Surgical C3-C5 Yes 3 years Fibrosis, 

foreign body 

giant cell

Incomplete 

recovery

Wada et al., 

2010 [12]

42, M Arm pain 

after BPAI

Rod (N/A, 

Medtronic) 

Percutaneous C3-C4 No 5 years Fibrosis Full recovery

Cicuendez et 

al., 2012 [13]

66, M FBSS Paddle 

(Specify, 

Medtronic) 

Surgical Th7-Th8 Yes 2 years Fibrosis, chron-

ic inflamma-

tion

Full recovery

Wloch et al., 

2013 [6]

69, M Arm pain 

after 

cervical 

discectomy

Paddle 

(Resume II, 

Medtronic) 

Surgical C2-C4 Yes 17 years Fibrosis No further 

progression

Fransen, 2015 

[8]

N/A, M Leg pain 

after L4-L5 

PLIF

Paddle 

(Specify, 

Medtronic) 

Surgical Th8 Yes 5 years Fibrosis* Full recovery

Scranton et 

al., 2015 [15]

41, F Neck pain Rod 

(Octrode, 

St. Jude 

Medical) 

Percutaneous C2-C5 Yes 9 months Fibrosis, 

foreign body 

giant cell

Incomplete 

recovery

Benfield et al., 

2016 [9]

61, M FBSS Paddle 

(Specify, 

Medtronic) 

Surgical Th7-Th9 No 10 years Soft tissue, 

acute/chronic 

inflammation

Incomplete 

recovery

Al Tamimi et 

al., 2017 [10]

48, F Arm and 

leg pain due 

to MS

Rod 

(Cover-

Edge, 

Boston 

Scientific) 

Percutaneous C3-C7 Yes N/A Fibrosis, 

granulomatous 

tissue, chronic 

inflammation

Incomplete 

recovery

Guzzi et al., 

2019 [5]

59, F CRPS Paddle 

(Resume II, 

Medtronic) 

Surgical C3-C5 Yes 7 years Fibrosclerosis Incomplete 

recovery

Pallotta ML et 

al., 2022 [7]

58, F FBSS N/A N/A Th9 Yes 8 years Scar tissue* Full recovery

Present case 59, F CRPS Rod 

(Vectris, 

Medtronic) 

Percutaneous C2-C5 Yes 4 years Fibrosis, 

acute/chronic 

inflammation

Full recovery

BPAI, brachial plexus avulsion injury; CRPS, complex regional pain syndrome; FBSS, failed back surgery syndrome; MS, multiple sclerosis; N/A, 

not available; PLIF, posterolateral interbody fusion. *Intraoperative findings.
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may be responsible for fibrosis.

Other studies reported that a pre-existing spinal instabil-

ity with the addition of a stimulator may result in the de-

velopment of repetitive local trauma and progressive scar-

ring.15) However, in 13 previously reported cases, electrodes

were positioned not only at the mobile cervical level (n =

9) but also at the nonmobile thoracic level (n = 4). The

epidural mass may not have been related to the mobility

of the cervical spine.

In the present case, strong electric fields (a maximum

level of 10.3 mA) may have contributed to the develop-

ment of fibrous scar tissue because the intensity of the

stimulation progressively increased as the effects of SCS

decreased. In previous basic studies, fibrous cells preferen-

tially moved toward the cathode in the electric field.18,19) In

our case, however, no significant differences were observed

in the histopathological findings of fibrosis over the entire

lesion segment, and fibroblasts were not aligned to the

electric field between active and nonactive contacts.

Previously reported cases presented with myelopathy

with a median duration of 5 years (range 9 months to 17

years) after implantation (Table 1). The tolerance phe-

nomenon preceded the detection of fibrous lesions in 10

out of 12 cases. Tolerance and habituation are the most

important factors contributing to long-term SCS failure,20)

and abnormal “tolerance” may indicate the presence of an

abnormal mass, such as epidural fibrosis, as in the present

case.

Conclusions

Spinal compression secondary to fibrous scar tissue

around epidural electrodes must be considered a possible

cause of myelopathy in long-term follow-up patients after

SCS. Follow-up CT or MRI are required in cases of SCS

when tolerance to SCS takes place during long-term treat-

ment.
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