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Abstract

Objectives: Spinal cord stimulation (SCS) is being increasingly used in non-surgical intractable low back 

pain. This study was designed to evaluate the efficacy of High Dose (HD) SCS utilising sub-perception 

stimulation with higher frequency and pulse width in non-surgical predominant low-back pain population at 

12 months. 

Material and Methods:  20 patients were recruited (280 screened between March 2017-July 2018) to 

undergo percutaneous fluoroscopic guided SCS (Medtronic 8 contact standard leads and RestoreR IPG), 

with T8 and T9 midline anatomical parallel placement. 16 patients completed 12 months follow up (500 Hz 

frequency, 500 microseconds pulse width, 25% pulse density). Differences in patients’ clinical outcome 

(NRS back, NRS leg, ODI, PGIC and PSQ) and medication usage (MQS) at one month, three months and 

twelve months from the baseline were assessed using non-parametric Wilcoxon paired test. 

Results: The mean NRS scores for back pain (baseline 7.53) improved significantly at one, three and 12 

months; 2.78 (p<0.001), 4.45 (p=0.002) and 3.85 (p=0.002) respectively.  The mean NRS score for leg pain 

(baseline 6.09) improved significantly at one and three months; 1.86 (p<0.001) and 3.13 (p=0.010) 

respectively. Mean NRS for leg pain at 12 months was 3.85, (p=0.057). ODI and sleep demonstrated 

significant improvement as there was consistent improvement in medication particularly opioid usage 

(MQS) at 12 months. 

Conclusions: This study demonstrates that anatomical placement of leads with sub-perception HD 

stimulation could provide effective pain relief in patients who are not candidates for spinal surgery.

Key words: HD SCS, Restore, non-surgical low back pain, sub-threshold stimulation, back pain
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Since its introduction in the 1960s (1)
, Spinal Cord Stimulation (SCS) has been studied extensively and has 

become an invaluable therapeutic tool in the treatment of neuropathic pain. Robust evidence exists for its 

clinical and health economic benefits in failed back surgery syndrome (FBSS), where patients have 

undergone previous spinal surgery. FBSS itself has an estimated incidence of 10-40% of patients 

undergoing spinal surgery (2). The mechanical and neuropathic changes following spinal surgery, such as 

nerve root compression and associated scarring may lead to a more complex presentation of intractable 

chronic pain. Hence early SCS intervention is often advocated in this condition. Recently, Christelis et al. 

undertook a comprehensive re-evaluation of the term FBSS to replace it with a more appropriate and 

clinically informative term selected via a Delphi process: Persistent Spinal Pain Syndrome (3). This term 

will heretofore be used instead of FBSS throughout our paper. 

Neuropathic leg or back pain is common presentation in degenerative spine disease. In the early stages, 

patients usually experience nociceptive mechanical back pain arising from the vertebral column or its 

adnexa, evoked by noxious stimulation (4). The spinal column is essentially a mechanical structure in 

dynamic equilibrium and is maintained by a combination of structures, innervated by both mechanoceptors 

and nociceptors. Mechanoreceptors and nociceptors are reversibly stimulated in the normal spine. With the 

degenerative processes, displacement and degeneration of spinal structures results in irreversible chronic 

neural irritation and noxious stimulation. These ongoing mechanical degenerative changes develop 

neuropathic pain, almost independent of mechanical pain or stimulation. 

The proposed mechanisms for neuropathic pain (5) may include:

i. Aberrant sprouting of C-fibres within the annulus fibrosus in addition to degenerate disc material 

which in and of itself can provoke an immune mediated inflammatory response.

ii. Cytokine and inflammatory mediator driven pain as in the case of facet joint pain

iii. Mechanical irritation of nerve roots by herniated discs or hypertrophied facet joints.

All of these are accompanied by central sensitisation within the spinal cord at the level of the dorsal horn 

and the dorsal column. This may be a potential therapeutic target for SCS. 

It has been postulated that early use of SCS in surgery-naive patients might lead to better outcomes (6) and 

there is emerging data to support this (7,8). National guidelines in the UK (NG TAG 159) do not recommend 

disc replacements or spinal fusions in patients with lower back pain unless the latter is part of a trial, 

rendering a large part of the patient population ineligible for surgery (9). In these instances, SCS could prove 

to be an effective solution. However, achieving adequate stimulation of axial low back fibers is challenging 

by using conventional parameters. Traditionally, SCS employs frequencies of 30-60 Hertz (Hz) and A
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relatively long pulse widths of 300–500 μsec along with a high amplitude which elicits a tingling sensation 

termed 'paresthesia' (10,11). This sensory percept is thought to be vital for pain relief but can cause discomfort 

and uneasiness, especially when the patient changes position, which can lead to a decrease in compliance 
(12,13). Sensory fibers of the dorsal column associated with axial back are smaller and lie deeper than fibers 

for lower limbs. Their anatomic location and organization makes it difficult to achieve paresthesia coverage 

of that area (14). 

Recently, a number of alternative modalities that involve paresthesia-free stimulation have emerged (15,16). A 

majority of the participants over a number of studies indicate a clear preference for these paresthesia-free 

waveforms (17). One of these algorithms is termed high density (HD) SCS which utilizes subthreshold 

stimulation with higher frequency and pulse width. An increase in these parameters leads to a higher duty 

cycle, with the device delivering more electrical charge or energy to the neural tissue per unit time. In 

comparison to conventional parameters, HD SCS was found to provide greater pain relief at the 12-month 

mark, indicating a correlation between the energy dosage and the clinical effects (18). Although this 

paradigm has been tested in patients with PSPS (19), it has been suggested that the efficacy differs within 

different patient populations with the suggestion that the patients with neuropathic pain and CRPS may 

preferentially respond to HD stimulation (18, 20). Unlike high frequency (10 kHz) stimulation, which has 

been tested in the surgery naïve subset of the patient population (7,8) including as a treatment for axial back 

pain (21) with promising results, there is no evidence for the use of HD SCS in either scenario.

The inverse relation observed between duration of pain and quality of outcome in SCS (11) begets further 

exploration of the surgery-naive population, early in the care continuum, which could shift the current view 

of SCS from a last resort treatment option to an early intervention. SCS if effective, could allow these 

patients to attain improvement in pain, activities of daily living, effect on sleep and subsequent quality of 

life. Therefore, the main objective of our study was to investigate the clinical efficacy of HD-SCS treatment 

in surgery naïve, non-surgical refractory back pain patients with lumbar radiculopathy.

METHODS

This was an open label clinical trial performed at Barts’ Neuromodulation Centre at St Bartholomew’s 

Hospital and the Royal London Hospital, London, UK between March 2018-Sept 2020. The study was 

approved by the national research ethics committee; 17/LO/0044 and was registered with a trial registry 

Clinical Trial Gov.; NCT03716973. 20 patients who suffered from intractable lumbar neuropathic pain and 
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who were deemed suitable to undergo a spinal cord stimulation procedure as part of their standard clinical 

care were recruited in the study.

Patients

All patients underwent a joint multidisciplinary team assessment (Pain, Neurosurgery and Psychology) 

prior to the procedure. All patients were offered medial branch and radiofrequency ablations (RFA) as part 

of work up and NICE Guidance NG 59 in the UK, with RFA responders being excluded from 

consideration. All patients had a lumbar MRI, which was reported by a consultant neuro-radiologist to 

preclude any surgical targets. Patients who met the inclusion criteria (Box 1) and who did not fulfil any of 

the exclusion criteria (Box 2) were recruited in the study. Written informed consent was obtained from each 

participant prior to participation in this study. Flow of patient selections and study visits is illustrated in 

Figure 1. 

Box 1 Inclusion Criteria 

1. Patients who suffer from CLBP despite >90 days of regular analgesia use and who are deemed 

suitable to undergo a spinal cord stimulation procedure as per NICE guidance 159

2. Patients who were assessed by an MDT (a pain physician, a neurosurgeon and a psychologist)

3. Patients who had an MRI scan that excluded any obvious surgical target

4. Patients who fulfilled the following criteria - 7-day Recall of Average LBP NRS ≥6 and ≤9

5. Patients whose ODI was ≥21% and ≤80% 

6. Patients whose back pain was worse than leg pain

Box 2 Exclusion Criteria 

1. Previous low back spinal surgery 

2. Opioid use of >120mg per day (conversion tables used)

3. Secondary gain e.g. Ongoing litigation

4. Patients with diabetes or any underlying neurological condition.

5. Patients known to have a condition that in the investigators’ judgement precludes participation in 

the study.

6. Patients who are unable to comply with the study assessments and or are unable to complete the 

questionnaires.  

Dorsal column stimulator trial and placement
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Percutaneous fluoroscopic guided SCS trial (Medtronic 8 contact standard leads) and, if successful, 

permanent IPG implant (Medtronic RestoreR IPG) was performed with midline anatomical parallel 

placement of thoracic dual leads to cover T8 and T9 in all cases. One patient failed the trial and two 

withdrew after implantation since they were unable to arrange follow ups after re-locating outside the 

region. One patient had lead migration due to an adverse event (fall) at 11 months and was excluded from 

the twelve month follow up.  All implanted patients received 500 Hz frequency, 500 μseconds pulse width 

25% pulse density parameters with varying amplitude to achieve pain relief. 

The lead tip was at top of T8, and the average bipole covered T9 and10. The most commonly activated 

contacts were in the middle of the lead. Patients attended an average of 4 reprogramming sessions in the 

12-month period post-implant, excluding the first visit for activation of the device. There was no 

randomisation as this was an open label study.

Outcomes

The outcomes were assessed using the Numerical Rating Scale (NRS) (back and leg pain intensity), the 

Oswestry Disability Index (ODI), the Pain and Sleep Questionnaire (PSQ) and the Patient Global 

Impression of Change (PGIC) at baseline (pre-implant) then at one month, three months and 12 months 

after baseline. Medication usage for opioid and neuropathic medication usage was recorded through the 

study period. 

Primary outcomes: The primary outcome of the clinical trial was to evaluate and compare the changes in 

the NRS following HD stimulation parameters at three months.

Secondary outcomes: The following questionnaires were administered to the participants and data 

collected at each visit.

1. Numerical Rating Scale (NRS): NRS score would be used to measure the pain intensity, enabling 

patients to express the severity of pain by giving it a numerical value from 0 to 10 on an 11-point 

numerical pain rating scale

2. Oswestry Disability Index (ODI): A commonly used scale for back pain patients with a 

neuropathic pain component. The test is considered to be the ‘gold standard’ in assessing the 

overall function in back pain sufferers. 

3. Patient Global Impression of Change (PGIC):  An eight point Likert scale (0-7) was used to 

evaluate patient global impression of change from baseline. 

4. The pain and sleep questionnaire three item index PSQ-3: A reliable and valid measure of pain 

intensity and quality of sleep in chronic non-malignant pain patients. A
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Patient visits for the study

Visit 1: Baseline visit performed and informed consent obtained prior to the SCS implant 

Visit 2: Patients undergo the first stage SCS as per routine practice at Barts Health with 40Hz stimulation 

parameter for the duration of the trial.

Visit 3: After a successful trial patients receive permanent IPG and HD stimulation parameters 

Visit 4: One-month post-implantation of the SCS. Questionnaires are given to the patients. 

Visit 5: Three-months post implantation of the SCS. Questionnaires are given to the patients. 

Visit 6: 12-months post implantation of the SCS. Questionnaires are given to the patients. Study visits 

completed. 

Statistical Analysis

All statistical analyses were performed using SPSS 25.0 (IBM Corp, Released 2017. IBM SPSS Statistics 

for Mac, Armonk, NY, USA: IBM Corp). 

Differences in patients’ clinical outcome (NRS back, NRS leg, ODI, PGIC and PSQ) at each time point 

(one month, three months and 12 months) post therapy from the baseline was assessed using the non-

parametric Wilcoxon paired test. Box-plot highlighted the trends in various clinical scores at one, three and 

12 months in comparison to baseline. Percentage change in NRS at each time point from baseline was also 

assessed and visualized using the box plot. Patients demonstrating an NRS score reduction of more than 

30% at each time point from baseline were considered as responders which was further visualized using bar 

charts. The bar chart also highlighted the distribution of patients as per ODI stratification. A p-value of less 

than 0.05 indicated a significant difference/correlation. 

RESULTS

Impact on Numerical Rating Scale for back pain

The baseline mean NRS for back pain was 7.53. In comparison to baseline, the mean NRS scores for back 

pain at one month, three months and 12 months were significantly lower; 2.78 (p<0.001), 4.45 (p=0.002) A
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and 3.85 (p=0.002) respectively. Figure 2 highlights an improvement of back pain at one, three and 12 

months in comparison to the baseline where the back pain was reduced to around a third at one month, less 

than two-thirds at three months and almost halved at 12 months. Waterfall plots for individual low back 

pain NRS scores for patients with data available at the 12-month follow-up are presented in Figure 3. Using 

a cut-off of >30% reduction as a significant positive response, patients who responded are highlighted in 

green whereas patients who did not respond are highlighted in red. If not all outcome measures were 

available at 12 months, the status of the patient was determined as unknown. Figure 4 highlights the 

greatest percentage reduction of back pain (rapid decrease in symptoms) occurring within the first four 

weeks in comparison to baseline. 

Impact on Numerical Rating Scale for leg pain

The baseline mean NRS for leg pain was 6.09. In comparison to the baseline, the mean NRS scores for leg 

pain at one month and three months were significantly lower; 1.86 (p<0.001) and 3.13 (p=0.010) 

respectively. The mean NRS for leg pain at 12 months was lower at 3.85 but the difference was not 

statistically insignificant from the baseline (p=0.057). Figure 5 highlights an improvement in leg pain at 

one, three and 12 months in comparison to the baseline where the average leg pain was reduced to less than 

a third at one month and almost halved at three and 12 months. Similar to low back pain, waterfall plots for 

individual leg pain NRS scores are plotted in Figure 6, with greater than 30% reduction in scores compared 

to baseline is highlighted as green and less than 30% is highlighted in red.  Figure 7 presents the greatest 

percentage reduction of leg pain (rapid decrease in symptoms) occurring within the first four weeks of 

therapy (a similar trend to back pain) in comparison to the baseline.

Majority of patients were categorised as responders (based on the NRS score reduction of more than 30% 

from the baseline for back pain) at one, three and 12 months with the highest number of responders 

observed at one month (Figure 8). 

Impact on Oswestry Disability Score

The baseline mean ODI was 53.13. In comparison to the baseline, the mean ODI scores at one month, three 

months and 12 months were significantly lower; 35.33 (p=0.003), 33.64 (p=0.004) and 37.40 (p=0.011) 

respectively. Figure 9 highlights a decrease in disability score at one, three and 12 months in comparison to 

the baseline. The waterfall plots for individual change in ODI scores is presented in Figure 10. In addition, 

patients who experienced “exaggerated” pain, no longer had this experience post therapy.  The number of A
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patients who experienced “crippling” pain, sustained at less than 50% at one, three and 12 months (Figure 

11).

Impact on Patient Global Impression of Change (PGIC)

The mean PGIC scores at one month, three months and 12 months were 5.90, 4.90 and 5.40 respectively. 

Figure 12 highlights the PGIC scores at one, three and 12 months.

Pain and Sleep Questionnaire (PSQ)

The baseline mean PSQ total was 240.5. In comparison to the baseline, the mean PSQ total at one month, 

three months and 12 months were significantly lower; 100.6 (p=0.001), 127.2 (p=0.001) and 118.7 

(p=0.004) respectively. Figure 13 highlights a reduction of PSQ total at one, three and 12 months in 

comparison to baseline. With regards to the impact on the “trouble sleeping” domain of the PSQ 

questionnaire, the mean score at baseline 73.5 reduced to 33.20 (p=0.002), 40.2 (p=0.008) and 36.30 

(p=0.008) at one month, three months and 12 months respectively. Figure 14 highlights a reduction in PSQ 

score (trouble sleeping) at one, three and 12 months in comparison to baseline. With regards to the impact 

on the “awoken during the night” domain of the PSQ questionnaire, the mean score at baseline (86.80) 

reduced to 32.80 (p<0.001), 45.6 (p=0.002) and 43.30 (p=0.001) at one month, three months and 12 months 

respectively (Figure 15).

Medication reduction: 

Medication reduction was calculated using Medication quantification scale (MQS III) which allows us to 

obtain a score for each patient’s medication by taking a consensus-based detriment weight for a given 

pharmacologic class and multiplying it by a score for dosage. The MQS score improved consistently and 

significantly over time from baseline 17.16 to 12.56 at one month (p<0.05), 13.01 at three months (p< 0.05) 

and 11.91 at 12 months (p<0.05) (Figure 16).

Of the 16 patients followed up at 12 months, 13 patients had an improvement in overall MQS with   eight 

patients having more than 30% improvement. In relation to opioid use 7 out of 16 patients had 

improvement in opioid specific MQS at 12 months compared to baseline, with six patients having more 

than 30% improvement and three patients having stopped opioids completely at 12 months (Figure 17). The A
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opioid MQS score improved from 10.68 at baseline to 7.11 at one month and three months (p<0.05) and 

7.75 at 12 months (p=0.07).  

 DISCUSSION:

This study evaluates the safety and efficacy of the spinal cord stimulation in patients with non-surgical 

intractable low back pain. It is the first study to specifically analyse the effects of HD wave form in this 

particular patient population. Similar studies have evaluated high-frequency stimulation in non-surgical 

spinal pain whilst others have studied high-density stimulation in failed back surgery syndrome (19,22), 

chronic regional pain syndrome (CRPS) and neuropathic pain (18). Low back pain treated with high-

frequency stimulation has also been studied (23) but the combination of high density sub perception 

stimulation and surgery naïve lumbar spinal pain has not yet been examined. This is significant as it 

provides an opportunity for possibly the largest patient group that suffers with back pain to be able to 

access spinal cord stimulation at an earlier stage in the disease process with the benefit of sub perception 

waveforms. This study may help establish SCS as a viable addition to current treatment modalities for 

treating symptomatic refractory lumbar spinal pain. 

Back pain is one of the commonest presenting complaints in general practice in the UK in addition to being 

one of the commonest causes of time off work. It is estimated that 50-80% of people will experience back 

pain in their life time (24) in addition to being the most significant cause of disability worldwide (25). 

Degenerative spine disease or spondylosis increases with age but can be accelerated in younger age groups 

if undue stress is placed on the spine. 

Radicular neuropathic pain of spinal origin is probably due to a sensory root becoming chronically irritated 

secondary to some element of foraminal stenosis as a result of disc and facet joint degeneration as detailed 

by Kirkcaldy and Willis (26) resulting in neuropathic firing patterns. Neuropathic radicular pain can also be 

caused by inflammatory degenerate disc material, namely Phospholipase A2 (27), without overt mechanical A
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compression. This can be traditionally managed with neuropathic pain agents such as Pregabalin and 

Gabapentin and may also respond to transforaminal epidural steroid injections. The clinical course of these 

patients begins with mechanical, nociceptive pain which is usually short lived and terminated with the 

termination of the stimulus. As the degenerative changes progress this becomes a mixed mechanical and 

neuropathic picture and ultimately a primarily neuropathic picture when chronic irritation results in 

established inflammation and sensitivity of the sinuvertebral and medial branch nerves. This may result in 

intractable neuropathic pain of spinal origin which may present with predominant low back pain. This 

population is quite difficult to manage and may not be candidate for any surgical route as per current UK 

NICE guidance.

In our cohort at 12 months, one patient had a failed trial (5%), one patient had lead migration (5%) and two 

patients were lost to follow up due to inability to comply with the study visits (10%). This attrition rate will 

help inform future power calculations for large multicentred trials in the area. Our study demonstrates in 

this non-surgical low back pain population, a consistent statistical improvement in pain score from 7.53 to 

2.78 (p<0.001), 4.45 (p=0.002) and 3.85 (p=0.002) respectively at one month, three months and 12 months 

following SCS. The back pain improved by almost half at 12 months. This was similar in leg pain with a 

consistent improvement from 6.09 to 1.86 (p<0.001), 3.13 (p=0.010) and 3.85 (p=0.057) at one month, 

three months and 12 months following SCS. Although the leg pain improved at 12 months almost about 

half, this was not statistically significant. Although it is difficult to distinguish clinically with lack of any 

neurophysiological investigations to confirm at 12 months, the patients did describe the residual pain as 

predominantly mechanical with a qualitative improvement in the neuropathic symptoms. The selected 

patient population had predominant back pain in comparison to leg pain, and it can be conjectured that 

delivering high dose subthreshold stimulation with higher frequency and pulse width may lead to a higher 

duty cycle, with the device administering more electrical charge or energy to the neural tissue per unit time 

and able to target the deeply seated small diameter axial nerve fibres. The average charge density being 

delivered at 12 months was 0.6, with the average amplitude being 2.4 mA. The amplitude was set at 10% of 

the perception threshold for each patient at every reprogramming visit. Our results are similar to published 

data where spinal cord stimulation has been effective in management of non-surgical low back pain. (8, 28). 

Al-Kaisy et al. (8) have recently published the sub-analysis of prospectively collected clinical outcome data 

for non-surgical refractory back pain patients (n=21) treated with 10 kHz spinal cord stimulation, from the 

independent cohorts of two previous studies (SENZA-RCT and SENZA-EU) with 10,000 Hz for 30 

microseconds pulse width. At 3 months, average back pain intensity decreased by 70% in the combined 

cohort. This was sustained at 12 months, with a 73% back pain responder rate. Leg pain relief results were 

generally comparable to those for back pain relief. Though the ODI scores were 27.00 at 12 months as A
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compared to 40.00 in our study, we demonstrate a higher proportion of patients with minimal disability 

33% in our study as compared to 25% in the high frequency group. 

Although this is the first study with the use of HD frequency parameters in non-surgical low back pain, a 

recent publication in a prospective multicentre setting, in failed back surgery syndrome model followed up 

184 patients for 12 with months with similar HD frequency parameters (500 Hz and 500 microsecond 

pulses or 450 Hz and 130 microsecond pulses) (22). The average baseline NRS scores for back and leg pain 

and improved from 7.44 and 7.76 respectively to 4.40 and 3.30 at 12 months. The ODI decreased from 

57.00 to 33.34 at 12 months. Similarly, in a Dutch study (n=13) at 12 months following high dose 

stimulation with 420 Hz, 400 μsec; VAS leg pain improved from baseline 71.2 ± 33.8 to 23.4 ± 32.0 at 12 

months and VAS back pain improved from baseline 66.7 ± 33.2 to 26.1 ± 33.2 at 12 months.  There was 

significant reduction in pain medication with five patients out of 13 patients returned to work (28).

In a retrospective, open label, single centre, consecutive case series of 30 neuropathic pain patients 

including PSPS, CRPS, and polyneuropathy by Wille at al. (18) reported an improvement in pain in the 

group resistant to conventional stimulation (30 Hz, 300 µsec, 3.0 V, NRS 7.7) following HD SCS (409 Hz, 

range 130-1000 Hz, 409 µsec, 2.4V, NRS 4.3) at 12 months (p = 0.015). Our results of HD stimulation in 

non –surgical, predominant low back pain model were comparable to the published data at 12 months with 

NRS being lower in our study; NRS 3.7 and 3.0 for back and leg pain respectively. 

As conventional paraesthesia based stimulation may draw attention to pain in this group of patients, it has 

been suggested that sub-threshold HD frequency may offer an advantage by avoiding a bias towards 

perception. In a randomized crossover design of conventional, sub-threshold HD, and sham stimulation 

Sweet et al. (19) demonstrated a significant improvement in pain scores in sub-threshold HD vs. sham 

stimulation subgroup (p < 0.05). Interestingly, subjects reported significantly greater attention to pain 

during conventional stimulation compared with sub-threshold HD stimulation

 (p < 0.05) with all subjects electing to continue to receive sub-threshold HD stimulation rather than 

conventional stimulation at the end of the trial. 

Our study is the first study that investigates the response of HD frequency parameters on sleep. We 

demonstrated a significant improvement in the sleep duration and quality with a statistical significant 

improvement in the PSQ from 250 to 75, trouble sleeping went from 80 to 17 and being awake during the 

night score went from 85 to 38. Perhaps the most striking impact was of spinal cord stimulation on the 

quality of sleep across all three measured sleep quality parameters. A
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We report a significant reduction in medication usage including neuropathic pain medications and opioid 

usage that was consistent at 12 months. The MQS score is a validated score to evaluate medication usage. 

This quasi-quantitative outcome measure was developed in 1992, subsequently revised and validated in 

1998 and 2003, and is specifically used for chronic non-malignant pain (29-32). The scoring system is a 

composite one derived from combining detriment weight, daily dosage and the putative nature of the 

mechanism of action of drugs. This is useful for assessment of individual patients but also to monitor 

change over time. We demonstrated a significant reduction in medication usage from baseline 17.16 to 

12.57 at one month (p < 0.05), 13.01 at three months (p < 0.05) and continued to improve, reaching 11.91 

at 12 months (p < 0.05). The opioid MQS score improved from 10.68 at baseline to 7.11 at one month and 

three months (p<0.05) and 7.75 at 12 months (p=0.07).  

94.1% of our patients were on opioids and 100% were taking anti-neuropathic medications at baseline. 

Comparatively at 12 months, three patients (18.6%) stopped all opioids. This is quite a significant aspect in 

overall pain management given the current drive to reduce opioids in chronic non-malignant primary pain 
(33-36). Although conventional opioid analgesics are routinely used to treat chronic back pain, the evidence 

that they are effective for this indication is sparse. In our study SCS with HD frequency parameters allowed 

patients to come off opioids and neuropathic medications at 12 months. This is in line with previous similar 

results following 10 kHz SCS treatment (38).  In the SENZA‐RCT trial, the patients in 10 kHz SCS arm was 

associated with a 19% reduction in daily opioid consumption after 12 months, whereas traditional SCS was 

associated with only 1% reduction in daily opioid consumption (P = 0.014, difference between groups) (37).

Our study suggests that HD stimulation could be a non-pharmacologic alternative for the treatment of 

chronic, intractable back and leg pain and may have a potential to reduce or eliminate opioid and 

neuropathic medication usage.

All patients who failed trial of anti-neuropathic medications, physiotherapy and radiofrequency ablation, 

underwent multidisciplinary assessment comprising pain physician, neurosurgeon and a psychologist to 

assess the suitability for SCS. Such population of patients presents an enormous challenge when it comes to 

treatment and SCS could be a valid option in their management Of 573 patients referred between March 

2017 and July 2018 to the MDT with back and leg pain, having trialled spinal interventions and 

neuropathic medications, 20 patients were found suitable for the study. The diagnosis of neuropathic pain 

was made on clinical presentation and patients with a predominant back pain as compared to leg were 

chosen to take part in the clinical trial. We chose anatomical placement with two electrodes placed 

approximately parallel, at the anatomical mid-line, to cover the mid T8- mid T10 area. Owing to anatomical 

placement, no intraoperative paraesthesia testing was required and provides advantage given that A
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paraesthesia coverage may be time-consuming and requires a cooperative patient during implantation to 

adjust the lead locations according to the patient’s feedback.  Recent data from a large scale multicentre 

randomised trial reports that anatomic lead placement without paraesthesia mapping provides effective and 

predictable therapy during trial evaluation period (39).  

Different paradigms for SCS have so far shown promising results for non-surgical back pain. This study 

confirms the role of high dose waveforms may be effective and demonstrates efficacy in patients with 

intractable back and leg pain, quality of life parameters and sleep at 12 months for patients who may not be 

suitable for spinal surgery. This pilot study supports the need to undertake further adequately powered 

outcome studies for a longer time frame and generate a cost effectiveness analysis. This might help 

establishing the role of SCS as an early intervention in the management paradigm of chronic intractable 

back pain with or without radiculopathy.
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