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Abstract  
Systemic sclerosis is a complex disease characterized by extensive fibrosis, microvascular altera-
tions, and additional sequelae. Microvascular alterations can cause painful ulcers and necrosis ;  
however, conservative or surgical treatment is often challenging in terms of healing. The study 
aimed to describe a toe ulcer with systemic sclerosis and its’ successful treatment with spinal cord 
stimulation. An 83-year-old woman, who was diagnosed with systemic sclerosis over the past de-
cade, was distressed by a non-healing toe ulcer for an extended period of time. The patient under-
went spinal cord stimulation treatment with the expectation of pain relief and an improvement in mi-
crocirculatory insufficiency. Her pain scales and microcirculation improved, and the toe ulcer 
healed. Furthermore, the frequency of Raynaud’s symptoms was reduced, and the patient’s pain 

decreased. There was no recurrence of the ulcer and she no longer needed a cane for walking. 
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Introduction

Systemic sclerosis is a complex disease charac-
terized by extensive fibrosis and microvascular al-
terations. In addition, the production of autoanti-
bodies against a variety of cellular antigens is one of 
its’ primary features. Prevalence of systemic scle-
rosis ranges from 50 to 300 cases per 1 million peo-
ple, and the incidence ranges from 2.3 to 22.8 cases 
per 1 million people per year. Microvascular insuf-
ficiency can cause painful ulcers and necrosis ;  
however, conservative or surgical treatment is often 
unsuccessful in achieving healing1,2). 

Spinal cord stimulation (SCS) is thought to be 
useful for neuropathic pain and ischemic pain. It 
has been shown to be useful for the pain control of 
peripheral arterial disease as well as microcirculato-
ry improvement. According to the SCS guidelines 

prepared by the British Pain Society in 2009, SCS 
was classified as a beneficial intervention3).

Few reports of SCS therapy for patients with 
systemic sclerosis have been published, and none of 
these followed pain transition and ulcer healing in 
detail. In this case, a patient with a history of sys-
temic sclerosis had a skin ulcer after toe necrosis 
and an amputation caused by microcirculatory insuf-
ficiency. She was treated with SCS and as a result, 
her pain was well controlled and her wound healed.

Case report

An 83-year-old woman, diagnosed a decade 
earlier with anti-centromere antibody-positive sys-
temic sclerosis, was distressed by repeated dermati-
tis and Raynaud’s phenomenon. The patient had an 
ulcer on the outside of her right fifth toe due to mi-
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crocirculatory insufficiency. The ulcer would not 
heal and caused the patient chronic pain. To im-
prove microcirculation, oral administration of salgpo-
grelate and bosentan was initiated. The patient 
also received prednisolone 3 mg/day for sclere-
ma. The right fifth toe was necrotic, and a transec-
tion of the proximal phalanx was performed. Sub-
sequently, an ointment was prescribed with basic 
fibroblast growth factor, and maintenance debride-
ment was performed. Two months after the tran-
section of the fifth toe, both surgical and conserva-
tive treatment proved to be unsuccessful. Pain 
control with oral analgesics was insufficient, and her 
right lower extremity pain score was 8/10 (total 
range 0 to 10) using a visual analogue scale (VAS).  
She presented with evidence of pallor, hyperalgesia, 
dystrophic nails, and skin sclerosis in her lower ex-
tremity, with a 1 cm ulcer without tissue granulation 
in the proximal phalanx of her right fifth toe (Fig. 
1). The pain in her foot interfered with treatment 
of the ulcer. Due to the lack of effective treatment, 
the patient underwent a SCS trial with an expecta-
tion of pain relief, microvascular circulation improve-
ment, and healing of the toe ulcer.

The VAS, Short-form McGill Pain Question-
naire-2 (SF-MPQ-2) with a total range of 0 to 220, 
and the Pain Catastrophizing Scale (PCS) with a total 
range of 0 to 52 were used as preoperative and post-
operative pain evaluation scales4,5). Skin perfusion 
pressures (SPPs), evaluation of the status of micro-
circulatory function, were performed to evaluate 
blood flow. The SPP was less than 5 mmHg on her 
right dorsal side and 15 mmHg on the right plantar 
side. This indicated severe microcirculatory insuf-
ficiency. The SPP on her left dorsal side was 31 
mmHg and on the left plantar side was 36 mmHg.  
Pain scales were VAS 8/10, SF-MPQ-2 48/220, and 
PCS 29/52 (Fig. 2).

The SCS trial was performed under local anes-
thesia. Since decreased microcirculation was ob-
served in both lower limbs, we planned to introduce 
two electrodes into the epidural space where pares-
thesia could be induced in both lower limbs. Bilat-
eral spinal cord stimulator leads (Vectoris Sure Scan 
MRI compact ; Medtronic, Minneapolis, MN, USA) 
were placed in the posterior epidural space at the 
T10/11 level where the paresthesia of both lower 
limbs could be confirmed by intraoperative stimula-
tion (Fig. 3). During the trial, the patient noticed a 
marked improvement in pain and an improvement in 
the color and temperature of both lower limbs.  
Therefore, an implantable pulse generator (IPG, 
Intellis ; Medtronic) was placed 1 week after the 

trial.
After IPG placement, the patient’s pain was 

continuously relieved. The preoperative pain scale 

Fig. 1. The right foot ulcer prior to spinal cord stimu-
lation.

 A : Whole view of the right foot ; a : enlarged 
view of the ulcer. There was a 1 cm ulcer at the 
base of the right fifth phalanx. Necrotic tissue 
remained at the margin with no tissue granulation.
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score halved 1 month after the operation, and the 
pain had nearly completely subsided 3 months after 
the operation. Fourteen months postoperatively, 
all three pain scale scores were 0 (Fig. 2). The pa-
tient’s pain was greatly relieved, hence, she no lon-
ger required a cane for walking, and her gait distur-

bance improved. Her programming settings were a 
frequency of 90 Hz, pulse width of 450 µs, and am-
plitude of approximately 3.0 milliamps with self-ad-
justment. Fourteen months postoperatively, the 
SPP on her right dorsal side improved to 33 mmHg, 
and her plantar side improved to 28 mmHg. The 
SPP on her left dorsal side improved to 51 mmHg, 
and her plantar side improved to 52 mmHg. Al-
though there was no tissue granulation in the wound 
prior to the operation, the necrotic tissue reduced, 
and tissue granulation increased after the opera-
tion. The ulcer began to reduce in size and closed 
12 months after the operation (Fig. 4). Raynaud’s 
phenomenon did not occur during cold weather, and 
the ulcer healed 12 months after the operation.  
The patient’s performance of daily activities greatly 
improved.

Discussion

With systemic sclerosis, damage to the endo-
thelial cells and basal layer of the blood vessels 
causes thickening of the intima, which impairs the 
small arteries and microcirculation. As the vascu-
lar damage progresses, the microvessels reduce in 
number leading to increased likelihood of delayed 
wound healing and tissue necrosis. Raynaud’s phe-
nomenon, such as that caused by cold stimuli, occurs 
in 50-90% of the patients. It can produce numb-
ness and burning sensations that are distress-
ing1,2). Skin ulcers caused by systemic sclerosis are 

Fig. 2. Transposition of the pain scales.
 The black circle represents the visual analogue scale (VAS), the white triangle represents the Short-Form McGill 

Pain Questionnaire-2 (SF-MPQ-2), and the gray square represents the pain catastrophizing scale (PCS). The 
pain nearly disappeared on all three scales at three months postoperatively, and no exacerbation was ob-
served. At 14 months postoperative, all pain scales were zero.

Fig. 3. Radiography of the spinal cord stimulator.
 Two electrodes were placed in the posterior epi-

dural space at the T10/11 level.
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often intractable. During treatment, the patient 
experiences severe pain, which often interferes with 
their daily life.

There have been reports of improvement in mi-
crocirculation and ischemic pain after SCS in refrac-
tory cases where revascularization is difficult. The 
proposed mechanism of action involves sympathetic 
inhibition and retrograde excitation of the afferent fi-
bers. Retrograde excitation of the afferent fibers 
causes the release of calcitonin gene-related peptide 
(CGRP), the most potent neuropeptide vasodila-
tor. It acts on vascular endothelial cells to produce 
and release nitric oxide, which causes vascular 
smooth muscle dilation. In addition, CGRP directly 
binds to the CGRP-1 receptor in vascular smooth 
muscles and dilates blood vessels. These effects 
improve microcirculation6,7). There have been re-
ports of improvement in ischemic pain after SCS in 
refractory cases where revascularization is diffi-
cult8-11).

To the best of our knowledge, there have been 
five reports of SCS for systemic sclerosis, all of 
which only assessed pain with the VAS and did not 
follow the transition of the pain in detail12-16). Our 

patient showed dramatic improvement in the pain 
and a trend toward wound healing with SCS treat-
ment. Pain was assessed in detail using the VAS (a 
single-dimensional self-assessment scale that is 
sensitive and reproducible), the SF-MPQ-2 (which 
separates neuropathic and non-neuropathic pain 
while providing both sensory and emotional ratings), 
and the PCS (which assesses catastrophic think-
ing). All scores showed dramatic improvement im-
mediately after the trial. The pain had nearly com-
pletely subsided 3 months postoperatively, and the 
analgesic effect has continued to the last follow-up 
(Fig. 2). 

The ulcer gradually reduced in size and healed 
12 months postoperatively. To date, there has been 
no recurrence. The reasons for this occurrence are 
as follows : First, it is thought that the SCS itself 
may have improved microcirculation, as in previous 
reports. Second, it is thought that the amount of 
daily exercise increases as the pain reduces, which 
leads to improvement in microcirculation17).

This case showed an improvement in pain, ul-
cer healing, and reduction in the occurrence of 
Raynaud’s phenomenon. The patient became less 

Fig. 4. Healing process of the right foot ulcer post-spinal cord stimulation.
 A, a : 1 month, B, b : 3 months, C, c : 6 months, D, d : 12 months. The necrotic tissue gradually decreased, 

and tissue granulation gradually increased. There was no ulcer, and the color of the foot improved 12 months 
post-operation.
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aware of the pain during daily life activities. Patient 
satisfaction was extremely high, with no ulcer recur-
rence and no need for a cane while walking. SCS is 
suggested for patients with systemic sclerosis and 
skin ulcers due to its efficacy.
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