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Abstract
Introduction. Chronic severe neuropathic pain syndrome (NPS) refractory to conservative and surgical treatments remains a significant clinical 
challenge. Chronic electrical stimulation of a single neural structure often proves insufficiently effective, highlighting the need for innovative 
approaches such as combined neuromodulation. This article aims to present a clinical case of combined spinal cord and peripheral nerve stimulation. 
A case report. A 32-year-old female with iatrogenic injury to the sural nerve following surgical intervention presented with refractory NPS (8 points on VAS). 
Failed conservative therapy (gabapentin, duloxetine) and surgical management (neuroma excision) led to chronic spinal cord stimulation, achieving 
30% pain reduction. Subsequent ultrasound-guided peripheral nerve electrode implantation combined with chronic electrical stimulation resulted in 
complete pain area coverage and pain intensity reduction to 1–2 points on VAS.
Conclusion. Technical challenges associated with combined neuromodulation should not preclude its clinical application. Electrode proximity 
does not significantly affect system performance. Combined neuromodulation demonstrated synergistic effects in pain management by enhancing 
analgesia through simultaneous modulation of central and peripheral pain mechanisms. Large-scale studies evaluating the safety and efficacy of 
this combined approach are required for routine clinical implementation.
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Комбинированное применение 
электростимуляции спинного мозга  

и периферического нерва с целью контроля 
хронического тяжёлого нейропатического 

болевого синдрома
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Аннотация
Введение. Хронический тяжёлый нейропатический болевой синдром (НБС), резистентный к консервативным и хирургическим мето-
дам лечения, остаётся серьёзной клинической проблемой. Хроническая электростимуляция лишь одной нервной структуры не всегда 
оказывается достаточно эффективной, что подчёркивает необходимость поиска инновационных подходов, одним из которых может 
являться комбинированная нейромодуляция.
Целью данной статьи является представление клинического случая комбинированной электростимуляции спинного мозга и 
периферических нервов.
Описание клинического случая. Пациентка, 32 года, с ятрогенным повреждением икроножного нерва после хирургического вмешатель-
ства, страдающая рефрактерным НБС (8 баллов по ВАШ). Неэффективность консервативной терапии (габапентин, дулоксетин) и 
хирургической коррекции (иссечение невромы) привела к применению хронической электростимуляции спинного мозга, что снизило боль 
на 30%. Последующая имплантация электрода для периферической стимуляции нерва под УЗ-контролем в сочетании с хронической электро-
стимуляцией позволила достичь полного перекрытия зоны боли и снижения её интенсивности до 1–2 баллов по ВАШ.
Вывод. Сложности, связанные с применением комбинированной нейромодуляции, не должны препятствовать её применению. Удалён-
ность электрода не играет значимой роли в функциональности системы. Комбинированная нейромодуляция продемонстрировала 
синергизм в лечении болевого синдрома, усиливая анальгетический эффект за счёт воздействия на центральные и периферические 
механизмы боли. Для рутинного использования в клинической практике требуются масштабные исследования, оценивающие безопас-
ность и эффективность комбинированного подхода.
Ключевые слова: нейропатический болевой синдром; стимуляция спинного мозга; стимуляция периферических нервов
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Introduction

The prevalence of post-traumatic neuropathy developing as 
a result of surgical interventions ranges from 3% to 15% [1]. 
Studies indicate that 6–30% of patients with this condition 
have chronic neuropathic pain syndrome (NPS)  [2]. Seve
ral studies evaluating the efficacy of conservative thera-
py demonstrate that achieving ≥  50% pain reduction with 

monotherapy is possible in only 20–30% of patients, while 
combined pharmacological approaches show better analgesic 
effects but are not universally effective [3]. Surgical methods, 
including neurolysis and neurectomy, demonstrate effective-
ness in only 50–70% of cases [4, 5], highlighting the need for 
innovative treatment approaches. In this context, neuromod-
ulation techniques such as chronic spinal cord stimulation 
(SCS) and peripheral nerve stimulation (PNS) are gaining 
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relevance. This article presents a clinical case of combined 
SCS and PNS in a patient with chronic pharmacoresistant 
NPS due to sural nerve neuropathy, along with an analysis of 
current evidence on their efficacy.

Clinical case report

Patient S., a 32-year-old female, underwent surgical removal 
of a subcutaneous lipoma located on the dorsolateral surface 
of the left foot posterior to the lateral malleolus. In the early 
postoperative period, she developed a severe burning pain 
syndrome radiating along the lateral foot surface, accompa-
nied by paresthesias and hypesthesia of the toes. Pain inten-
sity reached 8 points on the visual analog scale (VAS). Neuro-
logical examination and instrumental diagnostics confirmed 
iatrogenic injury to the sural nerve (n. suralis) in the surgical 
access area. Sequential attempts at surgical management 
(marginal neurectomy) and conservative therapy (gabapen-
tin 900 mg/day, duloxetine 60 mg/day, venlafaxine 150 mg/
day) proved ineffective, showing only short-term analgesic 
effects with pain recurrence before subsequent dosing. In 
2022, the patient underwent implantation of a chronic spinal 
cord stimulation (SCS) system at Th10-Th12 levels (Fig. 1).  

Stimulation-induced paresthesias covered 80% of the pain 
area and reduced pain intensity by 30%.

In 2023, the patient presented to the N.N. Burdenko National 
Medical Research Center of Neurosurgery, where she under-
went a sural nerve block. Complete regression of the pain 
syndrome was observed during the local anesthetic effect, 
with complete recurrence of pain occurring on days 2–3 post-
block. Consequently, a decision was made to implant an elec-
trode for chronic electrical stimulation of the n. suralis under 
ultrasound guidance. A 3 cm linear incision was made on the 
posterolateral surface of the calf, through which the n. sura-
lis trunk was identified under ultrasound guidance. Using a 
Tuohy epidural needle (provided with the electrode kit), the 
electrode was implanted parallel to the n. suralis course and 
secured at the incision site with a thick non-absorbable silk 
suture (5 metric) (Figs. 2, 3).

The main challenge was advancing the distal end of the elec-
trode to the upper gluteal region, where a subcutaneous pulse 
generator had previously been implanted. Given the patient’s 
height of 170 cm, the distance from the lateral malleolus to 
the generator measured approximately 100 cm, necessitating 

Fig. 1. Radiographic image of the implanted electrode in the posterior epidural space at the T10–T12 vertebral levels.

Fig. 2. Intraoperative photograph. Ultrasound-guided elec-
trode implantation on the sural nerve (n. suralis).

Fig. 3. Ultrasound image of the implanted electrode. 
Left: transverse scan. The electrode runs along the trunk of the sural nerve 
(n. suralis) at a distance of less than 1 mm from it. Right: longitudinal scan. 
Aligning the electrode and n. suralis in the same plane is extremely challenging 
due to their spatial relationship, but the electrode shadow and epineurium of 
n. suralis can be visualized.
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a loop system to compensate for joint movements. Additional 
2 cm incisions were made in the upper third of the calf and 
middle third of the thigh; through a subcutaneous tunnel, 
55 cm and 35 cm extensions were placed, and two compensa-
tory loops were formed (Fig. 4). This achieved a total system 
length of 140  cm, eliminating the risk of electrode tension 
during limb flexion-extension movements. Impedance testing 
was then performed, which remained within normal limits. 
The procedure concluded with layered wound closure.

On the following day, neurostimulation programming was 
adjusted, resulting in complete coverage of the pain area. 
Combined neurostimulation (SCS + PNS) reduced neuropa
thic back pain intensity to 1–2 points on the VAS (Fig. 5). At 
24-month follow-up, depletion of the implanted pulse genera-
tor’s battery was noted, requiring its replacement. Pharmaco-
therapy was maintained at the previous dosage.

Discussion

The presented clinical case demonstrates the potential of 
combined neuromodulation in managing complex pain syn-
dromes. According to randomized controlled trials, PNS 
monotherapy achieves ≥ 50% pain reduction in 38% of pa-
tients with posttraumatic neuropathy [6], while a systematic 

review highlights variability in efficacy (38–78%) depending 
on injury etiology and location [7]. SCS provides analgesic 
effects in 50–70% of patients [6, 8]. Several clinical cases de-
scribe combined PNS and SCS use with superior analgesic 
outcomes compared to either modality alone [9–12].

The synergistic mechanism likely involves simultaneous 
modulation of both spinal and peripheral nociceptive path-
ways. SCS acts on the dorsal horns of the spinal cord, sup-
pressing central sensitization, while PNS blocks peripheral 
hyperexcitability of damaged nerves [9]. However, the lack of 
randomized controlled trials on combined stimulation limits 
the evidence base, and the increased risk of complications 
(electrode migration, intraoperative structural damage, infec-
tions) necessitates careful patient selection, surgical proce-
dures, and post-operative follow-up.

Another distinctive feature of this clinical case was the 
remote location of the electrode relative to the generator. 
When implanting electrodes on the nerves of the lower leg, 
the generator is typically placed in the lateral thigh area. 
However, in this case, a generator was already implanted, 
necessitating the use of multiple extension leads to bridge the 
distance and minimize the risk of tension on the electrode 
and extensions, which we successfully achieved. Notably, 

Fig. 4. Photograph of postoperative wounds on day 3 after surgery. 
Several hematomas were observed in the loop pocket bed, but they had no clinically significant effect and resolved spontaneously within several 
weeks.

Fig. 5. Changes of pain intensity (VAS scores) over time depending on the treatment method.
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there was no significant increase in circuit impedance, which 
remained around 800 ohms, allowing the use of low stimulation 
amplitudes and conservation of the generator’s battery charge.

Conclusion

The management of NPS refractory to conservative treatments 
requires a multimodal approach integrating pharmacotherapy, 
interventional procedures, and neuromodulation techniques. 

Combined electrical stimulation (SCS + PNS) represents a 
promising strategy to enhance analgesic effects by targeting 
multiple pathophysiological components of pain syndromes. 
The remoteness of the intended stimulation target should not 
preclude the use of combined modalities. However, the imple-
mentation of this strategy in clinical practice must be accom-
panied by large-scale randomized controlled trials to evaluate 
long-term efficacy and safety, as well as the development of 
algorithms for personalized neuromodulation approaches.
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