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Effectiveness and safety of stellate
ganglion block with trioxygen
autologous blood retransfusion
therapy for facial postherpetic
neuralgia in elderly patients

Chan Zheng'®, Yuanyuan Xie*®, Huijuan Li*, Bingchang Zhang?, Sifang Chen?,
Wanhong Han?, Jiacheng Liu*®, Yanyan Geng?3", Yaya Zhang“** & Zhanxiang Wang?**

This study evaluated the efficacy and safety of stellate ganglion block (SGB) combined with trioxygen
autologous blood retransfusion therapy (TABRT) in treating postherpetic neuralgia (PHN) of the head
and face in elderly patients. A total of 190 patients (aged = 60 years) with PHN were randomly assigned
to receive either drug treatment alone (Group D, n=40), drug treatment with SGB (Group DS, n=52),
drug treatment with TABRT (Group DT, n=53), or drug combined SGB with TABRT (Group DST, n=45).
Key outcomes included pain visual analogue scale (VAS) scores and anxiety levels at baseline, 7 days,
and 15 days post-treatment, the need for salvage analgesics, and complication rates assessed. All
groups showed significant improvements in pain and anxiety, with greater reductions in the DS, DT,
and DST groups compared to the drug-only group, and the combined therapy (DST) showing the most
pronounced benefits. The DST group also had the highest proportion of patients not requiring rescue
analgesics and the highest complete remission rate. Overall, the combination of SGB and TABRT was
found to be effective and safe, offering superior therapeutic outcomes compared to single therapies for
elderly patients with PHN of the head and face.
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Postherpetic neuralgia (PHN) is the most common chronic complication of Herpes zoster! and manifests as severe
refractory neuropathic pain?-. Herpes zoster involving the head and face has an incidence rate of approximately
20%. PHN develops in 9-34% of cases following acute herpesvirus infection, with the rate rising significantly
to 65-73% among individuals over 60 years old. Furthermore, 30-50% of patients experience symptoms lasting
longer than one year, with some enduring pain for more than a decade. Predominantly affecting older adults,
PHN severely® impairs quality of life by causing intense pain, prolonged disease duration, emotional anxiety,
poor sleep quality, and high treatment costs with often limited efficacy”®. As the global population continues to
age, the prevalence of PHN is expected to rise, highlighting the urgent need for improved preventive measures,
effective therapies, and comprehensive management strategies.

Conventional anti-neuropathic drugs combined with early interventional treatment are considered the
best approach®®, but their effectiveness is often limited, and treatment failure is particularly high in cases
of craniofacial PHN. Patients with herpes zoster affecting the facial and upper limb regions are particularly
vulnerable to severe pain and the subsequent development of PHN due to nerve damage!®. The etiology and
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mechanisms behind PHN remain elusive, and no consistently effective treatments are available. The complex
anatomy and the specific nature of pain in these regions further complicate treatment, leading to high failure
rates and limited options'!. As a result, there is an urgent need for more effective treatment methods'2, prompting
pain specialists to explore innovative approaches, such as adjusting treatment parameters or combining various
therapies®.

Stellate ganglion block (SGB) is a method used to treat various conditions by blocking the stellate ganglia.
Its primary mechanism involves regulating autonomic nerve function, aiming to modulate and restore balance
within the autonomic nervous system. It is a well-studied modality in chronic pain management, especially
for craniofacial pain. It is indicated for complex regional pain syndrome, postherpetic neuralgia, cancer pain,
and head and face pain'®>!*. Clinical practice and literature have demonstrated that SGB is safe and effective
for PHN'>. However, some patients do not experience satisfactory pain relief with SGB alone, prompting the
consideration of combined therapies. Although there is limited literature on this, some studies have shown
that SGB combined with other treatments, like shock wave therapy, can significantly improve pain symptoms
in PHN patients'®. Additionally, trioxygen autologous blood retransfusion therapy (TABRT) combined with
radiofrequency has been effective in relieving thoracic PHN in elderly patients'”.

TABRT involves drawing a small sample of the patient’s blood, treating it with ozone, and reinfusing
it back into the patient. Studies have shown that this procedure can enhance tissue oxygenation'®, improve
microcirculation, promote nerve repair, and alleviate painlg'20 by reducing factors such as NADH?2!, interleukin,
tumor necrosis factor-a, and so on. Additionally, TABRT generates reactive oxygen species (ROS) and lipid
oxidation products (LOPs)??, which activate nuclear transcription factors and interact directly or indirectly with
transmembrane proteins, contributing to its therapeutic effects in pain management. TABRT when combined
with pharmacological therapy, has been shown to be superior to isolated pharmacological therapy in PHN
patients, providing an effective and safe method for pain relief'>?* However, literature on the use of TABRT for
PHN, particularly in combination with other therapies, is sparse. Therefore, we considered TABRT combined
with SGB therapy to treat head and facial PHN in the elderly. We aimed to evaluate the effectiveness and safety
of combining SGB and TABRT for treating PHN in elderly patients with head and face involvement, comparing
this combination therapy to the individual treatments.

Materials and methods

Patients

The research protocol was approved by the Ethics Committee of the First Affiliated Hospital of Xiamen University
and all methods were performed in accordance with the relevant guidelines and regulations. From January 2017
to December 2022, elderly (over 60 years old) patients with head and face PHN were recruited from the First
Aftiliated Hospital of Xiamen University. A total of 648 cases were initially included in the study. However, 425
cases were excluded for various reasons: 43 patients were unwilling to participate, and 382 did not meet the
inclusion criteria. The reasons for non-compliance were as follows: abnormal coagulation function (n=13),
hyperthyroidism (n=65), arrhythmia (n=23), mental abnormality or use of psychotropic drugs other than the
plan (n=28), difficulty in accurate VAS scoring due to communication issues (n=42), data incomplete data
collection (n=211), discontinuation of participation (n=13) due to failure to complete the 15-day treatment
plan, stopping treatment midway, or using other treatment methods such as local injection, acupuncture, red
light irradiation, or laser treatment. Ultimately, 190 patients completed the study (Fig. 1). Written informed
consent was obtained from each participant.

Patient composition and follow-up

Patients were randomly assigned to one of four groups using a random drawing method with four differently
colored balls, ensuring no statistically significant differences in baseline characteristics among the groups before
treatment. Group 1 (D Group) received drug treatment only; Group 2 (DS Group) received drug treatment
combined with SGB; Group 3 (DT Group) received drug treatment combined with TABRT; and Group 4 (DST
Group) received drug treatment combined with both SGB and TABRT. All treatments were conducted by the
same team of doctors and nurses, while follow-up visits were performed by a designated nurse who was not
involved in other aspects of the study (Fig. 1).

Equipment and drugs

The equipment used in this study includes GE Ultrasound Instruments (VENUE 50 GE Healthcare, Chicago,
IL), Trioxygen therapy apparatus (HYPER-MEDOZON comfort, Hermann Equipment Manufacturing GmbH,
Germany).

The drugs used here are Tramadol (Beijing Menti Pharmaceutical Co., Ltd., Beijing, China), Pregabalin
(Puyuelin, Ningbo Menova Tiankang Pharmaceutical, Ningbo, China), Lidocaine (Hunan Kelun Pharmaceutical
Co., Ltd., Hunan, China), Saline (Yangzhou Zhongbao Pharmaceutical, Jiangsu, China), Heparin sodium (Hebei
Changshan Biochemical Pharmaceutical Co., Ltd., Hebei, China).

Medication

Patients in all four groups received drug treatment, consisting of oral pregabalin administered at a dosage of
one tablet two times daily (150 mg/day). Patients reporting a pain visual analog scale (VAS) score of >4 were
administered oral tramadol and pregabalin as rescue analgesia.

Procedure of SGB treatment
The patient’s identity is verified upon entering the room, and they are placed in an upper-lateral position on the
affected side. Vital signs are monitored, and the skin is disinfected with povidone iodide. An ultrasound scan,
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Fig. 1. Research flowchart. The D group received only standard drug treatment. The DS group received stellate
ganglion block therapy in addition to drug treatment. The DT group received trioxygen autologous blood
retransfusion therapy alongside drug treatment. The DST group received both stellate ganglion block therapy
and trioxygen autologous blood retransfusion therapy in combination with drug treatment. D drug therapy, DS
drug combined stellate ganglion block therapy, DT drug combined trioxygen autologous blood retransfusion
therapy, DST drug combined stellate ganglion block and trioxygen autologous blood retransfusion therapy.

using a linear transducer with a short-axis view, starts at the supraclavicular plane and moves along the trachea.
When the ultrasound image shows the annular hypoechoic trachea, the probe is moved outward and slid up and
down tolocate the C7 transverse process, confirmed by the disappearance of the anterior transverse nodule. Using
the intraplanar mode, the injection needle is percutaneously punctured, with the tip positioned anterior to the
long neck muscle and posterior to the internal carotid and jugular vein. Then, 10 ml of 0.8% lidocaine is injected
after confirming no blood or fluid is pulled back. The patient reports no discomfort during the procedure and
is observed for 30 min. The affected side is treated with an SGB once daily for 15 days (Supplementary Fig. S1).

TABRT treatment procedure

The patient’s identity is verified upon entering the room. Vital signs are monitored, and the skin is prepared
with iodization. A vein is accessed, and 150 ml of blood is drawn slowly under negative pressure. Then, 50 ml
trioxygen with a concentration of 30 pg/ml is added and mixed evenly with the blood for 3-5 min?. The blood
is then slowly infused back into the patient. This procedure is repeated three times consecutively. At the end
of the treatment, the intravenous needle is removed, and local compression is applied. There is no bleeding or
collection of pathological specimens during the treatment. The patient experiences no discomfort, and vital
signs remain stable. The patient is observed for 15 min post-procedure and is advised to drink more water, rest,
eat, and exercise moderately. The patient receives TABRT every other day for 15 days (supplementary Fig. S2).

Characterization of patients before treatment

Baseline characteristics of the four groups were recorded before treatment. The parameter contains age, gender,
course of disease and side of herpes onset, history of cardiovascular and cerebrovascular diseases (CCD),
diabetes mellitus (DM), and tumor and hematologic disorders (THD). Additionally, the Visual Analog Scale
(VAS) score, anxiety self-rating index, Pittsburgh Sleep Quality Index (PSQI) score, and Thirty-six Item Short
Form Health Survey (SF-36) score were assessed.
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VAS score and anxiety self-rating index
The VAS score and anxiety self-rating index were evaluated before treatment and on Day 7 and Day 15 after
operation.

Rate of complete remission
The rate of complete remission was assessed by the proportion of patients achieving a VAS score of 0 on Day 15.

Ratio of patients who do not receive analgesic
Patients with a VAS score of >4 received oral tramadol and pregabalin as rescue analgesics. The proportions of
patients who did not require analgesics were recorded.

Complications and side effects

Any side effects during treatment, including hematomaZ?*, tachycardia, infection, nausea/vomiting, local
anesthetic toxicity, oral medication-related adverse reactions, pneumothorax, puncture injury allergic were
recorded post-treatment.

Statistical analysis

Statistical analyses were conducted using GraphPad Prism 8 (GraphPad Software, Inc., La Jolla, CA, USA) and
SPSS 25 (IBM Corporation, Armonk, NY, USA) statistical software. Quantitative data are presented as median
(interquartile range, IQR) and were compared using Kruskal-Wallis tests. Qualitative data are presented as
percentages and were analyzed using Fisher’s exact tests. A P-value <0.05 was considered a statistically significant
difference.

Results

Patient characteristics

The patients were divided into four groups: 54 in the D group, 48 in the DS group, 43 in the DT group, and
52 in the DST group. There were no statistically significant differences in baseline characteristics between the
treatment groups (Table 1).

VAS score in four groups

As shown in Fig. 2 and Table S1, the VAS scores at each post-treatment time point in all four groups were lower
than the preoperative scores (p <0.05). Notably, the VAS on Day 15 (V15) was significantly lower than the initial
pre-treatment VAS score (V1) (p<0.0001). This indicated that the post-herpetic neuralgia of the four groups of
patients significantly improved after fifteen days of treatment, with some patients even achieving recovery.

D (n=40) DS (n=52) DT (n=53) DST (n=45) P

Demographic parameters

Age, median (IQR), year 75.00 (67.75-81.25) | 73.00 (67.00-83.00) | 78.50 (71.25-85.75) | 76.00 (68.50-82.00) | 0.364
Female, no (%) 22 (55.0%) 26 (50.0%) 28 (52.8%) 21 (46.7%) 0.877
Course, median (IQR), week | 36.50 (18.75,69.75) | 38.50 (19.50,65.75) | 38.00 (18.00,64.50) | 38.00 (16.00,74.50) | 0.994
Left, no (%) 20 (50.0%) 24 (46.2%) 25 (47.2%) 22 (48.9%) 0.998
History of diseases, no (%)

CCD 17 (40.5%) 21 (41.2%) 20 (38.5%) 18 (40%) 0.994
DM 14 (35.0%) 17 (32.7%) 18 (34.0%) 15 (33.3%) 0.996
THD 8 (20.0%) 10 (19.2%) 10 (18.9%) 10 (22.2%) 0.977
Rating scale, median (IQR)

VAS 4.00 (3.00,6.006) 4.00 (3.00,5.00) 4.00 (3.00,5.00) 4.00 (3.00,6.00) 0.639
Anxiety self-rating index 65.00 (60.00,68.00) | 64.50 (59.25,68.00) | 63.00 (58.50,68.00) | 63.00 (57.50,67.00) | 0.593
PSQI 18.00 (13.00,20.25) | 18.00 (13.50,21.00) | 17.00 (14.00,20.50) | 17.00 (14.00,20.00) | 0.072
SF-36 35.00 (29.00,42.00) | 34.00 (27.50,39.50) | 34.00 (27.50,40.50) | 34.00 (29.00,40.00) | 0.910

Table 1. Comparison of baseline conditions between the four groups. There were no significant differences

in the number, age, gender, course of disease, herpes onset, history of cardiovascular and cerebrovascular
diseases, history of diabetes, history of tumor and hematologic disorders, VAS score, anxiety self-rating index,
PSQI score, and SF-36 score among the groups (p>0.05). D drug therapy, DS drug combined stellate ganglion
block therapy, DT drug combined trioxygen autologous blood retransfusion therapy, DST drug combined
stellate ganglion block and trioxygen autologous blood retransfusion therapy. Left: Affected on the left side of
the head and face. VAS Visual Analogue Scale, PSQI Pittsburgh Sleep Quality Index, SF-36 36-item Short Form
Health Survey score assessment, CCD cardiovascular and cerebrovascular disease, DM diabetes mellitus, THD
tumor and hematologic disorders.
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Fig. 2. VAS scores in four groups before and after treatment. Violin-whiskers plots demonstrated the VAS
scores on Day 1, 7 and 15. Median values was showed by solid line and the interquartile range was presented
by dotted line. The VAS scores at each post-treatment time point in all four groups were lower than the
preoperative scores (p <0.01). The VAS on Day 15 was significantly lower than the initial pre-treatment VAS
score (p<0.0001). D drug therapy, DS drug combined stellate ganglion block therapy, DT drug combined
trioxygen autologous blood retransfusion therapy, DST drug combined stellate ganglion block and trioxygen
autologous blood retransfusion therapy.

Self-rating of anxiety in four groups

As shown in Fig. 3 and Table S2, after 7 days of treatment, the self-rating anxiety scores in three groups, excluding
the drug-only group (Group D), were significantly lower than the baseline scores (p <0.05). However, after 15
days of treatment, the self-rating anxiety score (J15) in all groups were significantly lower, compared to the pre-
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Fig. 3. Self-ratings of anxiety in the four groups. Violin-whiskers plots demonstrated the anxiety scores on
Day 1, 7 and 15. Median values was showed by solid line and the interquartile range was presented by dotted
line. After 7 days of treatment, the self-rating anxiety scores in three groups, except for the Group D, were
significantly lower than the baseline scores (p <0.05). However, after 15 days of treatment, the self-rating
anxiety score in all groups were significantly lower, compared to the pre-treatment scores (p <0.0001). D
drug therapy, DS drug combined stellate ganglion block therapy, DT drug combined trioxygen autologous

blood retransfusion therapy, DST drug combined stellate ganglion block and trioxygen autologous blood
retransfusion therapy.
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treatment scores (J1) (p<0.0001). This indicated that the level of anxiety was substantially reduced in all four
groups after 15 days of treatment.

Difference in VAS scores and self-rating anxiety scores on Day 1 and Day 15 of the four
groups

To compare the efficacy of different treatments, the difference in VAS scores and self-rating anxiety scores on
Day 1 and Day 15 of the four groups were calculated and designated as DV and DJ respectively. As shown in
Fig. 4A and Table S3, statistical analysis revealed that the DV value in the DS Group was significantly higher
compared to the D Group (p <0.05). The DV values in the DT Group and DST Group were even more significantly
elevated compared to the D Group (p<0.001), with the DST Group showing the largest increase (p <0.0001).
No significant difference was observed between the DV values of the DS Group and DT Group (p>0.05), but
both were significantly lower than the DV value of the DST Group when compared individually (p <0.05). These
findings indicated that the combination treatment provides the most substantial improvement in pain relief,
followed by the SGB and TABRT methods, with the Drug treatment (D Group) showing the least effect.

From the perspective of self-rating anxiety, as illustrated in Fig. 4B and Table S3, the DJ value in the DS
Group was significantly higher than in the D Group (p <0.05). The DJ values in the DT Group and DST Group
were significantly greater than in the D Group (p <0.001), with the DST Group showing the most substantial
increase (p <0.0001). No significant difference was found between the DJ values of DS and DT Groups (p > 0.05).
However, when compared to the DST Group, the DJ value in the DS Group was significantly lower (p <0.001),
and the DJ value in the DT group was slightly smaller than that in the DST Group (p<0.05). These results
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Fig. 4. DV and DJ values in the four groups. The scores were demonstrated by violin-whiskers plots, with the
median values was showed by solid line and the interquartile range was presented by dotted line. (A) DV value
in the four groups. The DV value in the DS Group was significantly higher compared to the D Group (p <0.05).
The DV values in the DT Group and DST Group were even more significantly elevated compared to the D
Group (p <0.001), with the DST Group showing the largest increase (p <0.0001). No significant difference was
observed between the DV values of the DS Group and DT Group (p > 0.05), but both were significantly lower
than the DV value of the DST Group when compared individually (p <0.05). (B) D] value in the four groups.
The DJ value in the DS Group was significantly higher than in the D Group (p <0.05). The D] values in the

DT Group and DST Group were significantly greater than in the D Group (p <0.001), with the DST Group
showing the most substantial increase (p <0.0001). No significant difference was found between the DJ values
of DS and DT Groups (p>0.05). However, when compared to the DST Group, the DJ value in the DS Group
was significantly lower (p <0.001), and the DJ value in the DT group was slightly smaller than that in the

DST Group (p<0.05). D drug therapy, DS drug combined stellate ganglion block therapy, DT drug combined
trioxygen autologous blood retransfusion therapy, DST drug combined stellate ganglion block and trioxygen
autologous blood retransfusion therapy. DV and DJ represent the difference of VAS scores and self-rating
anxiety scores between Day 1 and Day 15 respectively.
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Fig. 5. Comparison of complete pain remission, no rescue medication and complication rate in the four
groups. (A) Rate of complete remission (CR). The rate of complete pain remission was significantly higher
in the DST group compared to other three treatment modalities (p <0.01). Additionally, Group DT showed
a significantly greater remission rate than both the Group D and DS (p <0.01 for both comparisons). No
significant difference was observed between Group D and Group DS (p>0.05). (B) Rate of no rescue
medication (NRM). The rate of NRM in Group DST was significantly higher than in Groups D and DS
(p<0.001). The NRM rate in Group D was significantly lower compared to Group DT (p <0.01). No significant
differences were observed between Group D and Group DS, Group DS and Group DT, or Group DT and
Group DST (p>0.05). (C) Complication rate of four groups. The complication rates in all groups were below
3%, No significant difference was found between four groups (p >0.05). D drug therapy, DS drug combined
stellate ganglion block therapy, DT drug combined trioxygen autologous blood retransfusion therapy, DST
drug combined stellate ganglion block and trioxygen autologous blood retransfusion therapy, CR complete
remission, NRM no rescue medication.

suggested that the Combination treatment provides the most effective anxiety relief, followed by the TABRT and
SGB methods, with the Drug treatment showing minimal impact.

Rate of complete remission

Complete remission (CR), defined as a VAS score of 0, indicates that the patient no longer requires medication.
As shown is Fig. 5A and Table S4, the rate of complete pain remission was higher in the combined treatment
group compared to other three treatment modalities (p <0.01), especially compared with Group D and Group
DS (p<0.0001). Additionally, Group DT showed a significantly greater remission rate than both the Group D
and DS (p<0.01 for both comparisons). No significant difference was observed between Group D and Group
DS (p>0.05). These findings underscored the superior efficacy of the combined treatment approach in achieving
complete pain remission.

Rate of no rescue medication in the four groups

The number of patients who did not require emergency medication during the treatment was recorded in each
group, and the rate of those not needing rescue medication was calculated. As shown in Fig. 5B and Table S5,
the proportion of patients who did not use emergency medication was lowest in Group D (70.0%), followed
by Group DS (78.8%) and group DT (92.5%). Notably, no patients in the Group DST required emergency
medication, achieving a 100% rate of no rescue medication use. The rate of no rescue medication (NRM) in
Group DST was significantly higher than in Groups D and DS (p <0.001), indicating a superior outcome for the
DST group. Meanwhile, the NRM rate in Group D was significantly lower compared to Group DT (p <0.01). No
significant differences were observed between Group D and Group DS, Group DS and Group DT, or Group DS
and Group DST (p>0.05). These findings further support the conclusion that the combination treatment offered
the most effective performance in reducing the need for rescue medication.

Complication rate

The number of patients who developed any complications during treatment was recorded. The results showed
that the complication rates in all four groups were below 3% (Fig. 5C and Table S6), which reflected that the
methods we adopted were safe.
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Discussion

In this study, we explored four treatment approaches for PHN in the head and face among elderly patients:
simple drug therapy, drug therapy combined with SGB, drug therapy combined with TABRT, and a combination
of all three methods. All four treatment methods significantly reduced VAS and anxiety, with SGB?®, TABRT,
and especially their combination being more effective than drug therapy alone. While there was no significant
difference between SGB and TABRT in terms of anxiety relief, the combination therapy was superior, suggesting
that a multi-modal approach may provide the most comprehensive benefit. The proportion of patients achieving
complete remission was significantly higher in the DT group compared to the drug therapy and DS groups. This
finding underscores the superior efficacy of TABRT in pain management and suggests that TABRT, whether
used alone or in conjunction with SGB and drug therapy, may be particularly beneficial for treating PHN. The
combined treatment group demonstrated the highest rates of both rescue analgesic avoidance and complete
remission, further emphasizing the advantages of a comprehensive treatment strategy.

Previous research has demonstrated that combining TABRT with drug therapy effectively reduced PHN
symptoms, with the VAS score decreasing by more than 50% without an increase in adverse reactions®. This
study evaluated treatment outcomes using a 50% efficacy rate, which provides a relatively broad and generalized
view. In contrast, our research adopted a more detailed approach, assessing efficacy through complete remission
rates and the proportion of patients who avoided the need for rescue medication. Our study statistical results not
only highlight the effectiveness of treatment for mild pain but also demonstrate the timeliness of interventions
for severe pain. Additionally, ultrasound-guided SGB has been reported to achieve favorable outcomes in
treating PHN affecting the head, face, neck, and upper limbs®. Previous studies primarily focused on pregabalin
at a dosage of 150 mg twice daily (bid) or did not include oral anti-neuralgia drugs®?*. In our study, every patient
received pregabalin at 75 mg bid as background medication. This approach balances the initial analgesic effects of
oral drugs while minimizing the potential interference of high doses with the observation of treatment efficacy.
On the other hand, our study exclusively evaluates improvements in pain and anxiety to present the results more
concisely. This approach represents a novel observational perspective not explored in previous studies.

Clinical guidelines typically recommend drug therapy, nerve blocks, and radiofrequency therapy for the
treatment of postherpetic neuralgia (PHN), yet only 40-50% of patients achieve satisfactory outcomes®’. Previous
studies have shown that the efficacy of pulsed radiofrequency (PRF) in treating PHN is only 52%!!. Another
study reported that the success rate of remission in the PRF combined with ozone autohemotherapy group was
significantly higher at 68.8%, compared to 51.4% in the PRF group alone'”. Based on our data and these previous
findings, we can speculate that the TABRT therapy and the combined treatment may become recommended
options in future guidelines, providing an additional therapeutic approach for the clinical management of PHN.

Low complication rate is an essential consideration for clinical practice, particularly when treating elderly
patients who may be more susceptible to adverse effects. While complications associated with drug therapy, SGB,
and TABRT therapy have been reported in the literature®?*, our study found these events to be rare and generally
mild. With strict monitoring and timely intervention, these treatments can be administered safely.

This study is limited by its single-center design and small sample size. The observation period was only
15 days, with no long-term follow-up data available. Long-term efficacy is an important consideration, and
the positive outcomes observed within the 15-day period suggest a promising potential for sustained benefits.
However, to fully address the generalizability of our results, further research with extended follow-up periods
will be essential to evaluate the long-term impact, including any delayed effects or changes in efficacy over time.
These future studies will help to better understand how TABRT and SGB combination treatment compares to
standard therapies in terms of both immediate and long-term benefits. Additionally, combining TABRT, SGB,
and other approaches, such as radiofrequency ablation, could be explored through comparative or combination
studies. Follow-up research could take experimental or clinical forms, focusing on areas such as biochemistry,
physiology, or clinical outcomes. The current treatment frequency is based on empirical guidance, with no clear
rationale identified in the literature. Future studies could investigate the underlying principles of frequency
selection or compare different treatment frequency protocols to optimize outcomes.

In summary, our study provides compelling evidence that SGB and TABRT, either alone or in combination,
are effective and safe for treating PHN in the head and face of elderly patients with the combined application
has the best effect. This approach may represent a valuable addition to clinical practice, offering improved pain
management and better quality of life for patients suffering from PHN. Our study also introduces a new idea for
treating PHN and offers a reference point for future large-scale clinical research and exploration of underlying
mechanisms.

Data availability
The datasets generated during the current study are available from the corresponding author on reasonable
request.
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