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Purpose: Refractory postherpetic neuralgia (PHN) remains one of the most challenging forms of neuropathic pain after herpes zoster
infection, often resistant to conventional therapy. Neurosurgical interventions—particularly spinal cord stimulation (SCS) and dorsal
root entry zone (DREZ) lesioning—offer potential benefit, yet optimal selection of surgical treatment remains unclear. This study
explores the clinical evidence application of SCS and DREZ lesioning, focusing on clinical outcomes, safety, and costs.

Patients and Methods: This retrospective single-center series included ten patients with refractory PHN treated between 2011 and
2023. Eight underwent SCS trials; those achieving >30% pain reduction (Numeric Rating Scale, NRS) received permanent implants.
Patients with insufficient response proceeded to DREZ lesioning. Pain intensity and disability were evaluated using NRS and the Pain
Disability Index (PDI) after a minimum 24-month follow-up. Treatment success was defined as >30% reduction in NRS. Secondary
outcomes included complications, hospital stay, and procedural costs.

Results: Among the eight patients who underwent SCS trials, three achieved >30% pain reduction and proceed to permanent
implantation, with 24-month pain relief rates of 70%, 40%, and 0, respectively. Of the five patients with inadequate SCS response,
one subsequently underwent DREZ lesioning; while two additional patients who declined SCS underwent primary DREZ lesioning. At
24 months, pain relief among DREZ-treated patients was 90%, 80%, and 60%, respectively. One patient developed mild segmental
sensory loss at the lesioned levels without functional impairment, and no serious complications were observed.

Conclusion: In this small, single-center case series, both SCS and DREZ lesioning achieved meaningful pain reduction in carefully
selected patients with refractory postherpetic neuralgia. SCS offers a minimally invasive, reversible option for patients demonstrating
effective trial stimulation, whereas DREZ may provide durable analgesia for those with failed SCS or central dorsal horn pathology.
These findings are exploratory and hypothesis-generating, underscoring the need for prospective multicenter studies to refine patient
selection based on clinical evidence and optimize neurosurgical management.

Keywords: postherpetic neuralgia, spinal cord stimulation, neuromodulation, neurostimulation, dorsal root entry zone lesioning,
neuropathic pain

Introduction

Postherpetic neuralgia (PHN) is a chronic neuropathic pain syndrome characterized by pain persisting for months or
years after healing of the herpes zoster rash. It arises from varicella-zoster virus—induced injury to peripheral nerves and
the dorsal root ganglion, often leading to irreversible sensitization of the dorsal horn and impaired descending inhibition.'
Compared with many other chronic neuropathic pain conditions, PHN more characteristically involves the dorsal roots,
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dorsal root ganglia, and peripheral nerves, with pain typically distributed along specific dermatomes. About 15-20% of
herpes zoster patients develop PHN, a condition often difficult to treat.” The resulting pain—typically characterized by
burning, stabbing, or electric sensations—can severely impact quality of life.>> Conventional treatments, including
antivirals, anticonvulsants, antidepressants, and nerve blocks, provide only partial relief for a subset of patients, and long-
term management remains a formidable challenge.>®’

Neurosurgical interventions have gradually emerged as viable options for intractable PHN, particularly spinal cord
stimulation (SCS) and dorsal root entry zone (DREZ) lesioning.®'* SCS modulates pain transmission by activating
large-diameter afferent fibers within the dorsal columns, thereby engaging segmental and supraspinal inhibitory mechan-
isms. Numerous studies have reported that SCS can alleviate neuropathic pain of peripheral or central origin, including
PHN.'*'® However, the efficacy of SCS often depends on the integrity of the dorsal columns; extensive deafferentation
or dorsal horn scarring may compromise stimulation effects. In such circumstances, DREZ lesioning—which targets
hyperactive nociceptive neurons within the dorsal horn—may provide more direct and durable pain suppression.
Originally developed for avulsion-related pain, DREZ procedures have since been adapted for other refractory neuro-
pathic conditions, including PHN, with promising results in small series.'*'”

Despite these therapeutic advances, the selection criteria for SCS and DREZ lesioning remain incompletely defined.
In clinical practice, SCS is generally favored as the first-line neurosurgical option because it is minimally invasive and
reversible. However, when patients show inadequate response to SCS or exhibit radiological and intraoperative findings
suggestive of more severe neural injury, DREZ lesioning may be more appropriate. A few publications describe isolated
experience with either SCS or DREZ lesioning alone, leaving clinicians uncertain not only about when to transition from
neuromodulation to ablative intervention, but also about when ablative surgery may be preferred in selected patients.

The present study sought to address this gap by retrospectively analyzing a consecutive series of patients with
refractory PHN treated with SCS or DREZ lesioning. We aimed to evaluate the long-term efficacy, safety, and cost
profiles of these two approaches and to provide practical insights into patient selection. Through direct comparison of
outcomes across treatment modalities in a single-center cohort, together with clinical experience and observed radi-
ological and intraoperative findings, this exploratory analysis sought to support clinical interpretation and patient
selection rather than establish a fixed treatment algorithm, while also providing exploratory observations that may
help interpret differential treatment responses in PHN.

Materials and Methods

Study Design

This study was designed as a retrospective, single-center case series. Aiming to explore the efficacy of DREZ lesioning
and SCS in the treatment of postherpetic neuralgia, as well as to investigate the optimal mechanism-based sequencing of
these surgical interventions. We retrospectively cted clinical data on patients diagnosed with PHN who underwent either
DREZ lesioning or SCS at our institution between 2011 and 2023 (Figure 1). All patients were followed up for at least 2
years via outpatient visits or telephone interviews. This study was conducted in accordance with the principles of the
Declaration of Helsinki and was approved by the Institutional Review Board of Xuanwu Hospital, Capital Medical
University (Approval No. Clinical Research Ethics Approval [2025]021-001). Owing to its retrospective nature, the IRB
waived the requirement for informed consent. All patient data were anonymized prior to analysis, and confidentiality of
patient information was strictly maintained in accordance with institutional and ethical guidelines.

Subjects

Patients were included if they had a clinically confirmed diagnosis of herpes zoster with persistent neuropathic pain
lasting more than six months and no response to optimized medical management, including antivirals, anticonvulsants,
antidepressants, and nerve blocks. Exclusion criteria included patients with severe immunosuppression, active systemic
infection, or psychiatric or psychological disorders that could interfere with accurate pain assessment or postoperative

evaluation.
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Figure | The study flow-chart: Ten patients with refractory postherpetic neuralgia (PHN) were included. Eight underwent a spinal cord stimulation (SCS) trial; three
achieved satisfactory pain relief (230% NRS reduction) and proceeded to implantable pulse generator (IPG) implantation. Four patients without sufficient relief had their trial
electrodes removed and continued conservative management, while one underwent subsequent dorsal root entry zone (DREZ) lesioning. Of the three IPG recipients, one
later had the device explanted due to loss of efficacy. Two patients underwent DREZ lesioning as the initial intervention.

Surgical Technique
Spinal Cord Stimulation (SCS)

The SCS procedure was performed in two stages: a trial stimulation phase followed by permanent implantation for

patients who demonstrated a favorable response.
(1) Trial Screening

All patients first underwent a screening trial using either a surgical paddle lead or a percutaneous cylindrical electrode
(Medtronic, Minneapolis, MN; Rishena, China, JS). The target spinal level was selected based on the patient’s
dermatomal pain distribution. Under local anesthesia and fluoroscopic guidance, the electrode was placed in the dorsal
epidural space. Intraoperative testing ensured that stimulation-induced paresthesia adequately covered the painful region.
The electrode was anchored to the fascia and connected to an external pulse generator through a subcutaneous extension.
SCS was delivered using a conventional Medtronic system with a tonic stimulation program. Commonly used parameters
included a frequency of 40-60 Hz, a pulse width of 200-500 ps, and an amplitude between the sensory threshold and the
uncomfortable threshold. The trial period lasted 5-14 days, during which pain intensity and function were closely
monitored. A positive response was defined as >30% reduction in NRS score sustained for at least 48 hours,
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accompanied by improved daily activity. Patients meeting these criteria proceeded to permanent implantation, while no
responders had their trial leads removed.

(2) Permanent System Implantation

Permanent implantation was performed under general anesthesia. A subcutaneous tunnel was created from the lead exit
site to a pocket in the abdominal or pectoral region, where the implantable pulse generator (IPG) was placed and
connected to the electrode (Figure 2). Proper system function was verified intraoperatively before closure.

DREZ Lesioning

DREZ lesioning was conducted under general anesthesia with the patient in the prone position. The target spinal segment
corresponded to the dermatome of maximal pain. After a laminectomy, the dorsal root entry zone was exposed
microscopically. Characteristic intraoperative findings included atrophy and yellowish discoloration of the affected
dorsal roots, consistent with chronic zoster-related pathology. Lesions were created using microbipolar coagulation at
a depth of approximately 3 mm, and an angle of about 35° from the midline along the root entry zone (Figure 3).
Coagulations were applied sequentially along the identified segments until the pathological area was covered. Hemostasis
was secured, and the wound was closed in standard fashion.

To ensure optimal efficacy while preserving adjacent neural structures, intraoperative neurophysiological monitoring,
including somatosensory evoked potentials (SSEPs) and motor evoked potentials (MEPs), was continuously employed
throughout the procedure. This approach enabled precise localization of functional boundaries and controlled lesioning
within the dorsal root entry zone, thereby reducing the risk of neurological deficits while effectively interrupting aberrant
pain pathways.

Figure 2 Fluoroscopic imaging of SCS system placement. Anteroposterior and lateral X-rays demonstrate proper positioning of the epidural electrode and subcutaneous
implantable pulse generator (IPG) in a representative patient with PHN.
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Figure 3 Schematic illustration of the mechanisms of SCS and DREZ lesioning in postherpetic neuralgia. SCS modulates abnormal afferent transmission through dorsal
column activation, whereas DREZ lesioning interrupts hyperactive nociceptive neurons within the dorsal horn, providing complementary yet mechanism-specific analgesia.

Outcome Assessment and Follow-up

All patients were followed for at least 24 months after surgery. Postoperative evaluations were performed at 1, 3, 6, 12,
and 24 months, and subsequently on an annual basis when possible. Clinical follow-up included both outpatient visits and
telephone interviews conducted by the treating neurosurgeon or trained research staff not directly involved in the surgical
procedures. Pain intensity was measured using the Numeric Rating Scale (NRS, 0-10), where 0 represented no pain and
10 the worst imaginable pain.'® Functional disability was evaluated using the Pain Disability Index (PDI), which
quantifies the impact of pain on seven domains of daily life (range 0—70). Both NRS and PDI were documented at
baseline, immediately postoperatively, and at each scheduled follow-up. Treatment success was defined as a >30%
reduction in NRS score at the final follow-up, representing a clinically meaningful improvement according to established
criteria for chronic pain intensity change described by Farrar et al and endorsed by subsequent Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials consensus statements.'”® All adverse events were systematically
recorded and categorized as surgical, hardware-related, or neurological. Economic data, including total hospitalization
duration and direct treatment costs, were cted from institutional billing records for exploratory cost comparison between
SCS and DREZ lesioning. All costs are reported in Chinese Yuan (CNY) and referenced to 2023 price levels.

Statistical Analysis

Given the small sample size and exploratory design, only descriptive statistical methods were applied. Continuous
variables (eg, NRS, PDI, hospitalization duration, and treatment cost) were summarized as mean + standard deviation
(SD) or median with interquartile range (IQR), depending on data distribution. Categorical variables were reported as
counts and percentages. Between-group differences for SCS and DREZ lesioning were described qualitatively to
illustrate clinical trends rather than to test statistical significance. Post hoc power analysis was performed based on
paired comparisons of baseline and final follow-up pain scores in the overall cohort. All analyses and data visualizations
were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and G*power (Version: 3.1.9.7). No formal
hypothesis testing or power calculation was conducted, and all numerical comparisons should be interpreted as
exploratory.

Results

Patient Demographics and Clinical Characteristics
A total of ten patients with refractory PHN were included between October 2011 and February 2023. The medical
characteristics of the participants are delineated in Table 1. The cohort comprised 6 males and 4 females, with an average
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Table | Patient Characteristics and Treatment Outcomes Following SCS and DREZ Lesioning for Postherpetic Neuralgia

Patient Number | Sex/Agey | Pain Location/Side Pain Duration (Months) SCs DREZ NRS PDI
Trail/lmplant | Lesioning
Baseline | Post-Operative Final Baseline | Post-Operative Final
Follow-Up Follow-Up

| M/60 TIR 24 YIY - 10 2 3 52 16 20
2 F/73 TIO/L 48 YIY - 10 4 6 56 30 42
3 F/58 T4-6/R 23 YIY - 10 6 10 49 32 49
4 M/72 T8-TI2/L 24 YIN - 8 8 8 51 51 51
5 M/61 T6-8/R 7 YIN - 10 10 10 53 53 53
6 F/73 T4-5/R 48 YIN - 10 10 10 56 56 56
7 M/84 T7-9/L 96 Y/N - 10 10 10 57 57 57
8 M/58 T7-9/R 22 Y/N Y 10 | | 65 16 16
9 M/58 T6-8/R 48 -- Y 10 58 20 22
10 F/66 T9-10/L 192 -- Y 10 55 14 14

Note: The patient 8 underwent dorsal root entry zone lesioning treatment after the spinal cord stimulation trial proved unsuccessful.
Abbreviations: SCS, Spinal cord stimulation; DREZ, Dorsal Root Entry zone; NRS, Numerical Rating Scale; PDI, Pain Disability Index.
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age of 66.3 £ 8.9 years (range: 58—84 years). The duration of PHN symptoms exhibited considerable variability, ranging
from 7 to 192 months, with a mean of 53.2 + 54.7 months. Pain was localized on the left side in 6 patients and on the
right side in 4 patients. The painful area was restricted to a single dermatome in 2 patients, while 8 patients had
involvement of 2 or more dermatomes, with a mean of 2.60 + 1.17 dermatomes. The affected dermatomes were
predominantly distributed in the thoracic segments, with T7-T8 being the most commonly involved levels.

Medical comorbidities were discerned in two patients diagnosed with malignancies, one patient with diabetes
mellitus, and one individual receiving extended immunosuppressive therapy for rheumatoid arthritis. All subjects had
previously undergone numerous conservative treatment approaches, including oral pharmacotherapy (eg, opioids, antic-
onvulsants, tricyclic antidepressants) and interventional techniques (eg, nerve blocks, transforaminal epidural injections,
radiofrequency ablation, intrathecal pump).

At the onset of the investigation, the NRS score for 9 patients was 10, while 1 patient scored 8. Baseline pain intensity
scores averaged NRS 9.8+0.6, and baseline function disability (PDI) averaged 55.2+4.5.

Spinal Cord Stimulation Outcomes
Eight patients underwent an initial SCS trial (Figure 4a). Three achieved >30% pain reduction and proceeded to
permanent implantation. Following implantation, their pain relief rates were 80%, 60%, and 40%, respectively. At the
final follow-up beyond 24 months, two of these three patients (66.7%) maintained substantial long-term pain reduction,
and the third patient showed an initially favorable response but experienced diminishing benefit within two months,
ultimately requesting device removal. In SCS-implanted patients, mean NRS scores improved from 10.0+0.0 preopera-
tively to 4.0£2.0 at 1 month and 6.3£3.5 at 24 months. Mean PDI decreased from 52.3+£3.5 to 37.0+15.1 at the last
follow-up.

Five patients who failed to achieve adequate relief during the trial period had their electrodes removed. Among these,
one later received DREZ lesioning due to persistent intractable pain. No device-related infections or hardware malfunc-
tions were observed, and no permanent neurological deficits occurred.

Outcome of DREZ Lesioning
A total of three patients underwent DREZ lesioning, including one SCS non-responder. At 24 months, three patients
achieved long-term pain relief of 90%, 80%, and 60%, respectively. Mean NRS decreased from 10 to 3.5, and mean PDI

Figure 4 lllusion Case (Patient 8): (a) Anteroposterior radiograph showing the SCS lead (white dashed line), indicated by the upper red arrow, and the intrathecal morphine
pump catheter, indicated by the lower red arrow. (b) Intraoperative microscopic view during DREZ lesioning, showing an atrophic and yellowish dorsal root (white arrow)
compared with the contralateral normal root—direct in vivo evidence of herpes zoster—induced nerve injury. The dashed double-headed arrow indicates the extent and
orientation of the DREZ lesion. (c) T2-weighted MRI showing a hyperintense signal within the dorsal horn (red arrowhead), corresponding to the dermatomes affected by
herpes zoster pain. The white arrow, present on the original radiologic image, indicates the T7 vertebral level.
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improved from 59.3 + 5.1 to 17.3 + 4.1. One patient developed segmental sensory loss in the lesioned dermatomes
without functional limitation. In the three patients who underwent DREZ lesioning, the atrophic dorsal roots observed
intraoperatively were T7-9, T6-8, and T9-10, respectively, which corresponded well to the dermatomal distribution
identified on preoperative physical examination (Figure 4b). No severe complications such as motor weakness, cere-
brospinal fluid leakage, or wound infection were recorded.

Health Economy and Complications

The mean hospital stay was 18.4 days for SCS and 13.7 days for DREZ lesioning. The mean total surgical cost (including
operation, device, and anesthesia) was approximately 2-fold higher for SCS (¥133,700) than for DREZ (¥56,100),
primarily due to the implantable pulse generator expense. Despite higher initial costs, SCS offered the advantage of
reversibility and lower surgical morbidity.

Discussion

This study presents a single-center, mechanism-informed case series evaluating SCS and DREZ lesioning in patients with
refractory PHN. Among 10 patients treated between 2011 and 2023, SCS provided meaningful pain reduction in selected
individuals, while DREZ lesioning yielded more consistent and durable analgesia, even in patients with failed SCS or
dorsal horn pathology. Both procedures were safe, with no major neurological or systemic complications. Despite higher
initial costs, SCS offered the advantages of reversibility and minimal invasiveness, whereas DREZ demonstrated superior
long-term stability of pain control. These findings support the continued exploration of a stepwise, mechanism-based
approach in which SCS serves as a reversible first-line intervention and DREZ lesioning as a definitive option when
neuromodulation fails.

The pathophysiology of PHN involves both peripheral and central mechanisms, including persistent dorsal horn
hyperexcitability and glial activation. Neuromodulation via SCS aims to modulate aberrant dorsal column transmission
by activating inhibitory interneurons and descending pathways (Figure 3).*' Several studies have reported significant
pain relief with SCS in neuropathic pain syndromes, including PHN, with success rates ranging from 40% to 70%.%°
However, patients with severe deafferentation or dorsal column scarring often experience suboptimal outcomes, as
effective paresthesia coverage becomes difficult to achieve.

In contrast, DREZ lesioning directly targets hyperactive nociceptive neurons within the dorsal horn, thereby inter-
rupting abnormal spontaneous discharges that sustain chronic pain (Figure 3). Originally introduced by Nashold and
Sindou for brachial plexus avulsion pain, the technique has since been applied to other central pain syndromes, including
PHN, with reported long-term pain relief in 60—90% of cases. Recent series have shown that careful patient selection,
precise lesion depth (approximately 2—-3 mm), and limited segmental targeting can maximize efficacy while minimizing
complications. Our results align with these findings, confirming that DREZ lesioning can provide durable relief in
carefully selected PHN patients when SCS fails or is anatomically unsuitable.

DRG stimulation has emerged as a promising neuromodulation technique for the treatment of PHN, particularly in
patients with localized, dermatomal pain. Compared with conventional SCS, DRG stimulation may allow more precise
targeting of the affected segment and may reduce off-target paresthesia.'*** In the present series, DRG stimulation was
not used primarily because the relevant devices had not yet received formal FDA approval during the study period. In
addition, many patients in our cohort presented with long-standing, refractory pain with relatively broader or more
complex distributions, which were considered less suitable for focal neuromodulation approaches. Further studies are
needed to clarify the optimal indications and timing of DRG stimulation in PHN. From a mechanistic perspective, DRG
stimulation may be particularly relevant in PHN cases with predominantly segmental and peripheral drivers. In contrast,
SCS and DREZ lesioning may address broader central modulation and dorsal horn—level mechanisms, respectively.

Intraoperative microscopic observation in this series provided direct in vivo evidence of herpes zoster—induced injury
to the dorsal root nerves within the spinal canal (Figure 4b). To our knowledge, such findings have not been previously
reported in living patients. This observation bridges a critical gap in understanding the pathophysiology of PHN, which
until now has relied primarily on postmortem histopathological reports demonstrating varicella-zoster—related damage to

232
dorsal roots and dorsal horn neurons.>>%’
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The degree of neural injury inflicted by the varicella-zoster virus likely exerts a major influence on PHN severity,
chronicity, and treatment responsiveness. In Patient 8, preoperative magnetic resonance imaging revealed focal T2-
hyperintense signals within spinal cord segments corresponding to the dermatomes of zoster pain, suggesting viral
invasion of the dorsal horn (Figure 4c). This radiological finding was later confirmed intraoperatively, where distinct
atrophy and yellowish discoloration of the affected dorsal roots were visualized. Such extensive dorsal horn and DREZ
involvement may explain the poor response to both SCS and intrathecal morphine therapy observed in this patient.

This study underscores the importance of a mechanism-informed strategy in the surgical management of refractory
postherpetic neuralgia. By integrating SCS and DREZ lesioning within a unified treatment algorithm, our findings
demonstrate that these procedures function not as competing alternatives but as complementary, sequential interventions.
SCS is most effective when neuropathic pain arises predominantly from peripheral or segmental mechanisms and the
dorsal columns remain structurally intact, allowing adequate paresthesia coverage.”®>° In contrast, DREZ lesioning
directly targets central dorsal horn hyperexcitability and should be considered when imaging or intraoperative findings
reveal irreversible dorsal horn or dorsal root injury, or when SCS fails to provide durable relief. This stepwise, pathology-
guided approach promotes individualized surgical planning, improves treatment efficiency, and informs resource
allocation.

From an economic perspective, treatment pathways differed in their overall cost burden. Although SCS offers a less
invasive and reversible initial option, failure of neuromodulation may necessitate additional surgical intervention. In such
cases, the cumulative cost appeared to be higher than that of DREZ lesioning alone, while remaining lower than the total
cost of successful permanent SCS treatment. Therefore, while a stepwise approach beginning with SCS may be clinically
attractive, its economic implications should also be considered. In addition, the long-term burden associated with
persistent pain should not be overlooked, including ongoing pharmacological therapy, outpatient visits, and reduced
quality of life. However, because the follow-up duration in the present study was limited and postoperative medication
use varied across patients, these longer-term economic factors were not fully captured and warrant further investigation.

Several limitations should be acknowledged. First, the sample size was small, and the retrospective, single-center
design limited the generalizability of the findings. The lack of randomization, together with the inherent heterogeneity of
PHN presentation, also precludes formal statistical comparison between groups. A post hoc power analysis demonstrated
a large effect size (Cohen’s d = 0.89) with an estimated statistical power of 0.71. Although this suggests a clinically
meaningful treatment effect, the statistical power remained below the conventional threshold of 0.80, and the small
sample size and heterogeneous treatment responses across patients further limit the strength of interpretation. Therefore,
these findings should be interpreted cautiously and considered hypothesis-generating. Second, neuroimaging or neuro-
physiological correlates of treatment response were not systematically analyzed, which might have further clarified the
basis for treatment selection. Third, the economic data were exploratory and based on local cost structures, with costs
reported in Chinese Yuan (CNY) at 2023 price levels. These findings may not be directly applicable to other healthcare
systems or economic settings.

Future work should focus on prospective multicenter studies integrating quantitative sensory testing, spinal imaging,
and neurophysiological monitoring to refine selection criteria and optimize procedural outcomes. Incorporating patient-
reported quality-of-life measures and long-term follow-up beyond two years will also be critical to establishing evidence-
based algorithms for neurosurgical management of refractory PHN.

Conclusion

This study suggests that both SCS and DREZ lesioning can provide meaningful pain reduction in patients with refractory
postherpetic neuralgia. SCS offers a minimally invasive, reversible option for patients with preserved dorsal column
function and successful trial stimulation, and DREZ lesioning may provide durable analgesia in selected patients,
particularly those with failed SCS or predominant dorsal horn involvement. However, given the retrospective and
descriptive design, no conclusions regarding comparative superiority can be drawn. Future prospective, multicenter
studies incorporating imaging and neurophysiological correlates are warranted to validate these exploratory observations
and refine patient selection for optimal long-term outcomes.
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