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Objective: To evaluate the efficacy and safety of the novel ultrasound-guided cervical sympathetic chain pulsed radiofrequency
(PRF) for subacute herpes zoster neuralgia.

Materials and Methods: Sixty patients with subacute herpes zoster neuralgia (one month until the third month after the rash onset)
on the maxillofacial, head, and neck regions were enrolled in our study. Patients were randomized into two groups: sham-operated
(sham) group (n = 30) and radiofrequency (RF) group (n = 30). In the RF group, the affected side cervical sympathetic chain was
treated with bipolar high voltage long-duration PRF. In the sham group, the RF cannula was placed at the same position as in the RF
group, but without RF energy application. The visual analog scale (VAS), Pittsburgh Sleep Quality Index (PSQI), 36-item Short Form
Health Survey (SF-36), analgesic drug usage, incidence of postherpetic neuralgia, and adverse effects were recorded in both groups.
Results: In both groups, compared with preoperative, VAS and PSQI scores decreased, while SF-36 scores improved after the
treatment (p < 0.05). The VAS and PSQI scores were significantly lower, whereas the SF-36 scores were significantly higher in the RF
group than in the sham group at 1, 30, 90, and 180 days after the treatment (all p < 0.05), and the amount of analgesic drugs
consumption was also lower in the RF group than in the sham group (p < 0.05). The incidence of postherpetic neuralgia was lower in
the RF group than in the sham group (p < 0.05). No noticeable complications and side effects were observed in either group.
Conclusion: The novel ultrasound-guided cervical sympathetic chain pulsed radiofrequency could effectively relieved subacute
herpes zoster neuralgia (one month until the third month after the rash onset) on the maxillofacial, head, and neck regions, and reduced
the incidence of postherpetic neuralgia.
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Introduction

Herpes zoster (HZ), commonly known as shingles, is a painful, blistering skin eruption caused by the reactivation of
varicella-zoster virus.'*? Depending on the disease course, HZ was divided into three stages: acute herpes zoster (AHZ),
subacute herpes zoster (SHZ), and postherpetic neuralgia (PHN). The AHZ was defined as the disease within one month
after the rash onset, and the SHZ was defined as one month until the third month after the rash onset, while the PHN was
defined as pain persists for more than three months after the rash onset.**

Postherpetic neuralgia (PHN) is a classic form of neuropathic pain that significantly affects patients’ quality of life.
Many patients develop severe occupational, physical, and psychosocial disabilities, placing a substantial economic
burden on both families and society.” > But due to the complexity of mechanism and the exact pathophysiology is still
unknown, PHN is refractory to pharmacological therapies and various interventional therapies.®®

Therefore, relieving pain intensity and preventing the occurrence of PHN in AHZ/SHZ is of great clinical signifi-
cance. Many studies have shown that sympathetic nerves are closely associated with the pathology of herpetic
neuralgia. Cervical sympathetic chain (CSC) is an important sympathetic nerve, which has always gained great clinical
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interest. It typically located posteromedial to the carotid sheath and passes over the longus colli muscle, contains two to
four ganglia, including the superior, middle, inferior cervical sympathetic ganglia, and vertebral ganglia.'” Pulsed
radiofrequency (PRF) is an advanced neuromodulation technique for neuralgic pain.''"'* Previous study has demon-
strated that PRF on the CSC could alleviate herpetic neuralgia intensity and reduce the incidence of PHN in AHZ
patients.'® But, to the best of our knowledge, to date, no study has been carried out to assess the therapeutic effect of PRF
on the CSC for SHZ neuralgia.

Based on this, we performed PRF on the CSC of patients with SHZ neuralgia on the maxillofacial, head, and neck
regions in this study. The goal was to assess whether this novel procedure could alleviate SHZ neuralgia and reduce the
incidence of PHN.

Materials and Methods
Study Patients

This study adhered to the Declaration of Helsinki, written informed consent was obtained from each patient. And it was
approved by the ethics committee of the First Hospital of Putian City (Approval number: 2020-089). Sixty patients with
SHZ on the maxillofacial, head, and neck regions admitted to the Pain Department of the First Hospital of Putian City
between January 2020 and June 2022 were included (Figure 1). Among them, 34 were male and 26 were female,
postherpetic pigmentation or lesions were distributed unilaterally; included were 38 cases of lesions in the area of
cervical nerve innervation and 22 cases of lesions in the area of trigeminal nerve innervation.

The inclusion criteria were as follows: i) disease duration one month until the third month after the rash onset; ii)
patients with SHZ located on the maxillofacial, head, and neck regions; iii) the visual analog scale (VAS) >4.

Exclusion criteria were as follows: 1) patients with psychiatric disorders who could not cooperate; ii) patients with
severe heart, brain, liver, or kidney diseases who could not tolerate minimally invasive surgery; iii) patients with skin or
tissue infection at the puncture site; iv) patients with coagulation dysfunction; v) postoperative change of analgesic drug
type; vi) lost visits and incomplete information.

[ Assessed for eligibility(n=69) ]

Excluded (n=9):

>| -Not meeting inclusion criteria(n=4)
-Refused to participate (n=2)
-No follow up date(n=3)

\
Allocation [ Randomized(n=60) ]

!

y
Sham group (n=30) RF group (n=30)
Sham-operated radiofrequency
Follow up
y
[ 30 patients completed ] [ 30 patients completed ]

Figure | Study flowchart. All 60 patients were included in the treatment.
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Equipment and Drugs
The equipment used in this study included a pain management generator (PM-230, Baylis Medical Company, Montreal,
Quebec, Canada), a 20G RF cannula needle (with a 0.9-mm diameter and a 10-mm active tip, Baylis Medical Company),
and a GE ultrasound instrument (GE Healthcare, Chicago, USA).

The following analgesic drugs were used: pregabalin (Pfizer, USA) and tramadol (Beijing Menti Pharmaceutical Co.,
Ltd., Beijing, China).

PRF Procedure

The patients were placed on the affected side in the upper lateral position. Vital signs were monitored, and a linear
ultrasound transducer with a short axial view was started from the level of the para-tracheal supraclavicular and moved
alongside the trachea. When the ultrasound showed an annular hypoechoic image, the ultrasound transducer was shifted
outward and slid up and down to find the 7™ cervical transverse process. This was marked by the absence of an anterior
tubercle in the transverse process. The ultrasound transducer was then moved in a more cranial direction to find the 6™
cervical transverse process, which was marked by a tall and sharp anterior tubercle (Figure 2). According to Kim et al,'*
the PRF targets are located at the roots of the 6™ and 7™ cervical transverse processes, anterior to the long cervical
muscle, and posterior to the prevertebral fascia and internal jugular vein (Figure 3). An ultrasound-guided, in-plane
puncture was performed, the RF cannula was delivered to the middle cervical ganglion (C6 level of the transverse
processes) and inferior cervical ganglion (C7 level of the transverse processes) of the CSC and make sure the distance
between the two electrodes tip was adjusted within 1 centimeter separation. A sensory test (50 hz, 1.0 ms) and a motor
test (2 hz, 1.0 ms) were applied, and the patients were checked for paresthesia or phonation to exclude electrode
mispositioning. In the RF group, PRF treatment was performed using the following parameters: 42°C, 2 hz, 20 ms,
80-100 V, 900s. In the sham group, the electrodes were placed as in the RF group but did not emit current.

Analgesic Rescue

A pain assessment was performed one day after treatment, and pregabalin was administered for patients with VAS >4,
starting with 75 mg every 12 hours. The pregabalin dosage was adjusted to ensure a VAS score <3, the maximum of
pregabalin was 300 mg every 12 hours. If the VAS score still >4 while taking pregabalin up to 300 mg every 12 hours,
tramadol 100 mg was administered every 12 hours for rescue.

(B)

Figure 2 Ultrasound images of the 6th cervical transverse process (A) and the 7th cervical transverse process (B) with RF cannula (white arrows indicates the RF cannula).
Abbreviations: AT, anterior tubercle of transverse process; CA, carotid artery; JV, jugular vein; LCM, longus colli muscle; MCG, middle cervical ganglion; PT, posterior
tubercle of transverse process; SCM, sternocleidomastoid muscle; SG, stellate ganglion; Thy, thyroid gland; VA, vertebral artery.
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Figure 3 Schematic diagram of the radiofrequency cannula located on the cervical sympathetic chain.

Observation Indicators

VAS scores were evaluated before treatment and at 1, 30, 90, and 180 days after treatment. The daily dosage of
pregabalin and the number of patients taking tramadol were recorded at 1, 30, 90, and 180 days after treatment. The
Pittsburgh Sleep Quality Index (PSQI) was used to evaluate sleep quality of patients, and the 36-item Short Form Health
Survey (SF-36) was used to assess the quality of life of patients; both were calculated before and 30, 90, and 180 days
after treatment. PHN was defined as pain (VAS score > 3) persists for more than three months after the rash onset.
Complications and side effects such as hematoma, tachycardia, infection, and pneumothorax were recorded during the
treatment and 1, 30, 90, and 180 days after the treatment.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY,
USA), and GraphPad Prism 6.0. Quantitative data are expressed as the mean + standard deviation, and qualitative data
are expressed as frequencies. A t-test was used for quantitative data comparison, and an independent-sample y2 test or
Fisher’s exact test was used for qualitative data comparison. A p-value of <0.05 was considered statistically significant.

Results

Patient Characteristics
There was no statistical difference between the two groups in terms of age, sex, disease duration, pain scores, PSQI
scores, or SF-36 scores before treatment (Table 1).

Comparison of VAS Scores

There was no statistical difference in the VAS scores between the two groups before treatment. Compared with
preoperative, the VAS scores were significantly lower at each postoperative observation time point in the RF group (p
<0.05, Figure 4). Compared with the preoperative, there was no statistical difference in the sham group at 1 day after the
treatment, but there was a statistical difference at 30 days, 90 days, and 180 days after the treatment (p < 0.05, Figure 4).
However, the VAS score in the RF group decreased more significantly than in the sham group at the same follow-up time
point (p < 0.05, Figure 4).

Comparison of Analgesic Usage
As shown in Figures 5 and 6, the daily average consumption of both pregabalin and tramadol in the RF group was lower
than in the sham group at all postoperative follow-up time points (all p < 0.05 for both pregabalin and tramadol).
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Table | Comparison of General Conditions Between the Two groups (Mean + SD, n =

30 per Group)

Patients Sham Group | RF Group | P Value
Age (years) 67.6 + 10.6 66.8 + 8.4 0.466
Female/male 14/16 12/18 0.602
Weight (kg) 61.38 £7.58 | 59.56 + 7.60 0.055
Course of disease* (days) 16.0 + 8.7 152 +73 0.385
VAS scores 69+ 1.8 7.1 1.6 0.307
PSQI Scores 182 + 43 19.6 + 4.8 0.702
SF-36 Scores 213.7 £ 847 | 216.1 £80.7 0.800
Left/right sided 13/17 16/14 0.562
Rash distribution (head/face/neck/ upper limbs) 5/8/11/6 4/7/9/10 0.711

Notes: *, after | month of the onset of rash.
Abbreviations: RF, radiofrequency; VAS, visual analogue scale; PSQI, Pittsburgh Sleep Quality Index; SF-36, 36-
item Short Form Health Survey.

Comparison of PSQI Scores

There was no statistical difference in PSQI scores between the two groups before treatment. The PSQI scores at 30, 90, and
180 days after treatment were significantly lower in both groups than preoperative (p < 0.05). However, compared with the
sham group, PSQI scores in the RF group were lower at each postoperative follow-up time point (all p < 0.05, Figure 7).

Comparison of SF-36 Scores

There was no statistical difference in the SF-36 scores between the two groups before treatment. Compared with
preoperative, the SF-36 scores improved significantly in both groups after the treatment (p < 0.05). However, the SF-
36 scores improved significantly greater in the RF group than in the sham group at each postoperative follow-up time
point (all p < 0.05, Figure 8).

104

VAS

*A 2A

Pre 1d 30d 90d 180d

Time point

Figure 4 Changes of VAS scores in the two groups before and after operation. Results are presented as mean * SD. *P < 0.05 compared with preoperative. “P < 0.05
compared with the Sham group. Pre-preoperative; |d-| day after the treatment; 30d-30 days after the treatment; 90d-90 days after the treatment; 180d-180 days after the
treatment.
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Figure 5 The comparison of daily average pregabalin consumption between the two groups. 2P < 0.05 compared with the Sham group.
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Figure 6 Comparison of the number of patients take tramadol between the two groups. “P < 0.05 compared with the Sham group.

Incidence of PHN

At 3 months after rash onset, the VAS scores of 17 patients were <3 and without taking analgesic drugs in the RF group,
the incidence of PHN was 43.3%. While, there were only eight patients VAS < 3 and without taking analgesic drugs in
the sham group, the incidence of PHN was 73.3%. The difference was statistically significant between the two groups
(p < 0.05).
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Figure 7 Changes of PSQI scores in the two groups before and after treatment. Results are presented as mean +SD. *P < 0.05 compared with preoperative. *P < 0.05
compared with the Sham group. Pre-preoperative; 30d-30 days after the treatment; 90d-90 days after the treatment; 180d-180 days after the treatment.
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Figure 8 Changes of SF-36 scores in the two groups before and after treatment. Results are presented as mean SD. *P < 0.05 compared with preoperative. “P < 0.05
compared with the Sham group. Pre-preoperative; 30d-30 days after the treatment; 90d-90 days after the treatment; 180d-180 days after the treatment.

Complications
No complications such as infection, pneumothorax, local hematoma, spinal nerve injury, or vocal cord dysfunction were

observed in either groups during the study.
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Discussion

Immune system dysfunction results in reactivation of latent HZ virus and causes severe inflammation in the primary
sensory neurons together with cutaneous inflammation, subsequently induced neuralgia.'>'® HZ neuralgia is a classic
neuropathic pain, its characterized by persistent or paroxysmal burning, stabbing, or lancinating pain, often associated
with allodynia and hyperalgesia. This greatly affects individuals, resulting in poor sleep quality and quality of life,
increased economic burden and productivity loss.>~

Sympathetic nerve blockade (SNB) was widely used for HZ neuralgia in clinic.® The stellate ganglion (SG) is formed
by the fusion of the inferior cervical ganglion and the first thoracic sympathetic ganglion, the dominant area of SG is the
maxillofacial, head, neck, and upper limbs.'”!” Numerous studies have reported the efficacy of stellate ganglion block
(SGB) for neurovascular diseases in the responsible area.'” Makharita et al® reported that SGB could dramatically
decrease neuralgia and incidence of PHN. In SGB, local anesthetics are injected at the level of the C6 transverse process.
Thereafter, the liquid could diffuse along the cervical sympathetic chain to the stellate ganglion, and even to the superior
cervical ganglion, so the SGB should be considered as a cervical sympathetic chain block.'* However, a single SGB
often provides only short-term effects, and multiple puncture may result in patient suffering, poor compliance, infection,
tissue, or nerve injury.'* To overcome the shortage of single SGB, Pain Physicians are trying to figure out a new way.
PREF is a well-received neuromodulation technique, first proposed by Sluijter in 1997 and has widely used for neuropathic
pain.'"® PRF delivers short bursts of radiofrequency currents to the nervous tissue without causing nerve damage,
selectively affects small diameter C and A8 nociceptive fiber,'® and it has a higher effect on C fibers than Ad fibers.?
The biological effects of PRF were associated with the electromagnetic field disrupting or somehow modulating neuronal
transmission.'® Research has showed that applied PRF to the SG/CSC could achieve prolonged pain relief than a single
nerve blockade for neuropathic pain.'>'*?!** Inspired by this, we presented PRF to the CSC for patients with SHZ
neuralgia.

In this study, the majority of patients received positive results in the RF group, and pain decreased overtime after the
procedure. Compared with the sham group, VAS scores decreased more significant at every follow-up time point. Ding
et al*! presented SG pulsed radiofrequency for patients with HZ neuralgia (the natural course of the disease exceeded 1
month) on facial and upper limb regions, and VAS decreased after the operation during 6 months follow-up, this is
consistent with our results. Lin et al'? reported PRF on the CSC of patients with AHZ neuralgia (the natural course of the
disease within 1 month) on the oral, maxillofacial, neck, and upper limb regions; the results showed that it could relieve
acute herpetic neuralgia and reduce PHN incidence. The incidence of PHN was 16.7%, which was superior to this study
(which was 43.3%), mainly because of the different inclusion criteria. Kim et al*® found that patients with SHZ neuralgia
received more significant pain relief than those with a disease course more than three months after PRF. Makharita et al**
reported that early sympathetic ganglion modulation could dramatically shorten disease duration, decrease pain intensity,
and reduce the incidence of PHN, which was similar to our results.

The analgesic mechanism of sympathetic nerve modulation is still not clear. The sympathetic nerve could regulate the
functions of vasculature, glandular secretion, and pain transmission, blocking it could dilate blood vessels, increasing
blood flow.?**® HZ viral reactivation in ganglion and spread through the affected nerve to peripheral dermatomal, which
results in severe ganglionitis and neuritis, induced a profound sympathetic stimulation, leading to vasospasm of the
endoneural arterioles, decreasing blood flow in the intraneural capillary bed, resulting in nerve ischemia and edema.?”-*®
At early stage of HZ, by intervening sympathetic nerve, it could attenuate vasospasm and prevent the irreversible nerve
damage.9 Based on previous studies, we postulated that PRF on the CSC on patients with SHZ neuralgia could reduce
repetitive inflammatory stimuli and alleviate endoneurial arterioles vasospasm. Hence, attenuating nerve ischemia and
edema prevent nerve damage and finally account for pain relief and PHN prevention.

While the exact analgesic mechanism of PRF is still unclear, it is currently believed that the analgesia was produced
by neuromodulation,” and eliciting an anti-inflammatory response.* PRF causes nerve ultrastructural change, such as
disorganization of microtubules and microfilaments, abnormal of morphology and membranes in mitochondria.?’ Several

researches found that bipolar, high-voltage, long-duration PRF was superior than standed PRF,***! The longest PRF
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therapy duration has been reported was 900 seconds.'? Based on the above, in order to achieve superior outcome we set
the PRF parameters as follows: bipolar high voltage (80-100 V) and long duration of 900 seconds.

In the present study, we used ultrasound guided during the procedure, for it allows real-time visualization of the vessels
and nerves, thus the RF cannula could be easily advanced to the target to avoid injury to these structures. Thus, it could
minimize complications and procedure time, as in this study no serious complications occurred in either of the groups. The
CSC includes superior, middle, and inferior cervical ganglions, and the ultrasound image of the cervical sympathetic chain
ganglion appears as a longitudinally elongated hypoechoic nodule with a hypoechoic linear structure attached to its upper and
lower ends.'” For the small structures of ganglion, the detection rate of the cervical sympathetic ganglion under ultrasound
was reported to be 41.35%.'% Due to the anatomical variability of the cervical sympathetic ganglion, we localized the PRF
target at the transverse processes of C6 and C7, anterior to the longus colli muscle and posterior to the prevertebral fascia and
the internal jugular vein, according to Kim et al,'* and then looked for ovoid or rhombic-shaped hypoechoic node ultrasound
images near this localization point. We found that for patients who could identify the ovoid or rhombic hypoechoic nodes
under ultrasound during the procedure, pain relief was more significant. Furthermore, patients may experience warmth and
abnormal sensations in the lesion area of herpes zoster during the PRF procedure. However, some patients were dissatisfied
with their pain relief in the RF group, we speculated it may be due to the anatomical variations, the oval or thombic
hypoechoic nodule ultrasound images could not be found during the procedure.

HZ neuralgia is usually accompanied by anxiety, depression, and insomnia, which significantly affect patient’s quality
of life. The goal of HZ neuralgia treatment is to relieve pain, improve sleep quality, and enhance the quality of life.
Therefore, we used VAS to evaluate pain intensity, PSQI to evaluate sleep quality and SF-36 to assess the quality of life.
These three indicators turned out to be better than preoperative, and the RF group was superior to the sham group.
Complications such as procedural suffering, nausea, vomiting, tachycardia, and hypertension were milder and resolved
rapidly. No serious complications occurred in either of the groups.

Our study had several limitations. First, this is a single-center study with a limited sample size. Second, the follow-up
period may not be long enough. Third, due to the COVID-19 pandemic some patients received home isolation and
centralized isolation during the follow-up period, which had a certain impact on the assessment of the pain intensity,
sleep quality and quality of life. In the study, we failed to carry out an effective intervention on this influencing factor,
which may have impacted the research results. However, a randomized prospective controlled study with larger sample
sizes is needed in future study.

In conclusion, ultrasound-guided bipolar high-voltage long-duration PRF on the CSC for patients with SHZ neuralgia
in the maxillofacial, head, and neck regions could achieve conspicuous pain relief and reduce the incidence of PHN. The
efficacy and safety of this procedure is worthy of recommendation for clinical application.
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