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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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KINHYECKIE PA3BOPSI
Kom6uHMpPOBaHHAA 3NeKTPOCTUMYNALNA NPU HEMPONATMYECKON 60nK

KomOuHHpOBaHHOE IIPHMEHEHHE
3JIEKTPOCTUMY/ISILIMKA CIIMHHOTO MO3ra
1 neprucgepruuecKoro HepBa C 1e/Ibl0 KOHTPOJIS
XPOHHUYECKOTO TSKEIOro HelpornaTuyecKoro
00/1eBOro CHMHIpPOMA

B.II. Konppatsbes, 3./1. Ucarynsn, A.A. Tomcknii

Hayuonanshbiii meduyunckuti uccnedogamensckuti yenmp Heiipoxupypeuu umeru axademuxa H.H. Bypdenko, Mockea, Poccus

AHHOTan U

Beedenue. Xporuueckuti msxénvii Heliponamuueckuil 6onesoli cundpom (HBC), pesucmenmHbiil K KOHCEPBAMUSHBLM U XUPYPEUYECKUM Memo-
dam neuenus, ocmaémes cepbE3HoLl KUHUUecKoLi npobneMotl. XpoHuueckas 371ekmpocmuMynayus ulitb 0OHOL HepeHOLi cmpykmypbl He 8cezda
okasvieaemes docmamouHo agdexmueHol, umo noduepkugaem HeobxoduMmocmy NoUCKa UHHOBAUUOHHbIX N00X0008, OOHUM U3 KOMOPBIX MOXKem
A871AMbCA KOMOUHUPOBAHHAS HEUPOMOOYIAYUS.

Llenwto OanHoti cmampu sengemcs npedcmasieHue KIUHUUECKO2O Cy4as KOMOUHUPOBAHHOU 7eKMPOCMUMYNAYUU CNUHHO20 MO32a U
nepucgepuyeckux Hepeos.

Onucanue xaunuyeckoeo cayuas. [layuenmxa, 32 200a, ¢ SmpoeeHHbIM noBpedeHUeM UKPOHOKHOZ0 Hepaa nociie XUpypeuieckozo eMeuamens-
cmea, cmpadaiowas pepaxkmeprsim HBC (8 6annos no BAIL). HeachekmugHocmp KowcepgamusHoti mepanuu (2abanenmu, 0ynokcemun) u
XUpypeuteckoti KoppeKyuu (Licceuenue HegpoMbl) npuseNa Kk NPUMEHEHUI0 XPOHUHECKOL 37eKmpoCmuMyNayuU CNUHHOZ20 M0324, Umo CHU3U0 607
na 30%. [ocnedyiowas umnaanmayus anexmpoda 015 nepucpepuyeckoti cmumynayuu Hepsa nod Y3-koHmponem 8 couemaruu ¢ XpoHuueckoli anexmpo-
cmumyzAyueli n036ouna doCmuYb NONHOZ0 Nepexpbimus 30Hb! 60U U CHuxKeHus eé umercugHocmu do 1-2 6annos no BALLL

Buigod. Croxnocmu, ces3anHble ¢ npumMeHeHueM KOMOUHUPOBAHHOU! HetpoMoOyaAyuL, He QOTKHbL NPpensmemeosams eé npumereHuo. Yoanéu-
HOCIMb 97ekmpoda He uzpaem 3HAUUMOL ponu 8 (yHKYUoHanbHocmu cucmemyl. KoMOUHUpoanHas Hetipomodynsyus npodeMOHCMpUposaa
CuHepzusm 8 Jiedenuu 0071e8020 CUHOPOMA, YCUNUeas aHaibzemuueckui agdexm 3a cuém g03delicmeus Ha yeHmpassHble U nepuchepuueckue
MexausMbl 60/ JIsi pymuUHHOZ0 UCNOMb308aHUS 8 KIUHUYECKOL npakmuke mpeGyiomes Macumadkble ucciedosanus, oyeHusarouue besonac-
HOCMb U AGhheKmuesHOCb KOMOUHUPOBAHHO20 NOOX0OA.

Knrouegvie cnoea: Hetiponamuueckuii 6071€60Li CUHOPOM; CMUMYNAYUS CNUHHO20 MO32a; CMUMYAYUS nepucpeputieckux Hepaos

Oruueckoe yreepxaenue. MudopmuposanHoe 100pOBOIbHOE COrIacke Ha MyOIUKALMIO B MACbMEHHOU (GOpMe MOTyYeHo OT
nalyenTa.

Wcrounuk ¢uHaHcupoBaHUs. ABTODBI 3asBSIOT 00 OTCYTCTBUM BHELIHMX UCTOYHUKOB (DMHAHCHPOBAHMS IIPU MPOBELEHHH
HCCJIe0BaHUSL.

Kongaukt unTepecos. ABTOpbI 3aABJASIOT 00 OTCYTCTBMM ABHBIX M MOTEHIUANbHbIX KOH(DIMKTOB MHTEPECOB, CBA3AHHBIX
¢ nyO/MMKayeil HacTosmel cTaThy.
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Introduction monotherapy is possible in only 20-30% of patients, while

combined pharmacological approaches show better analgesic

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

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. 3. Ultrasound image of the implanted electrode.

Lett: 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
Fig. 2. Intraoperative photograph. Ultrasound-guided elec- due to their spatial relationship, but the electrode shadow and epineurium of

trode implantation on the sural nerve (n. suralis).

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

weeks.
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Fig. 5. Changes of pain intensity (VAS scores) over time depending on the treatment method.

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,
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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.
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