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Objective: Postherpetic neuralgia (PHN) is the most common complication of herpes
zoster, manifesting as a persistent, spontaneous, knife-like pain or paroxysmal burning
that seriously affects a patient’s quality of life. An effective treatment of PHN is lacking.
This retrospective study examined the efficacy and safety of stellate ganglion (SG) pulsed
radiofrequency (PRF) on facial and upper limb PHN.

Methods: Eighty-four patients with PHN on the face or upper limbs were enrolled for
the study. Patients were randomly divided into two surgical groups according to the
order of enrollment; one group underwent SG block (SG-B group, n = 42) and the other
underwent SG pulsed radiofrequency (SG-P group, n = 42). After surgery, patients were
followed at 1 week, 2 weeks, 1 month, 3 months, and 6 months. Observation at each
follow-up included basic patient characteristics, visual analog scale (VAS), quality of life
(QOL) using Physical Component Summary (PCS), and Mental Component Summary
(MCS) to assess, total effective rate, complications and side effects.

Results: Compared with preoperative values, VAS decreased in both groups after
surgery (P < 0.05). In the SG-B group, VAS increased after 1 month, while in the SG-
P group, VAS gradually decreased at later follow-up time points. VAS decreased more
significantly in the SG-P group after 1 month (P < 0.05). PCS and MCS increased
in both groups after the operation, and the difference was significant compared with
preoperative values (P < 0.05). The total effective rates of the SG-B and SG-P groups
were 64.3 and 83.3%, respectively. The total effective rate of the SG-P group was higher
than that of the SG-B group (P < 0.05). The incidence of complications and side effects
in the SG-B group was higher than that in the SG-P group (P < 0.05).

Conclusion: SG pulsed radiofrequency treatment of facial and upper limb PHN is safe
and effective. It is a treatment method worth promoting.

Keywords: pulsed radiofrequency, stellate ganglion, facial and upper limb, postherpetic neuralgia, visual
analog scale
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INTRODUCTION

Postherpetic neuralgia (PHN) refers to the pain and discomfort
that persists for more than 1 month after the disappearance of
a herpes zoster (HZ) rash (Fashner and Bell, 2011). PHN is the
most common complication of herpes zoster, manifesting as a
persistent spontaneous, knife-like pain or paroxysmal burning
that seriously affects a patient’s quality of life (Johnson et al.,
2010). Herpes zoster in the area of the face and limbs is a high risk
factor for PHN due to the sensitivity of the affected area (Forbes
et al., 2016). The mechanism of PHN is complex and lacks an
effective method of treatment.

The stellate ganglion (SG) is formed by the union of the
inferior cervical ganglion with the first thoracic ganglion. The
dominant area of the stellate ganglion is the face and upper
limbs. Stellate ganglion block (SGB) is an effective, minimally
invasive treatment for neurovascular diseases in the dominant
area (Jeon, 2016). Blocking the stellate ganglion can effectively
improve the blood circulation of the facial and upper limb
areas (Kim et al., 2018) and regulate the disordered endocrine
system. At the same time, SGB may have preventive effects
on PHN by reversing or preventing profound sympathetic
stimulation and vasoconstriction, thereby restoring intraneural
blood flow, preventing nerve ischemia and damage, alleviating
neuralgia and reducing the occurrence of PHN (Boas, 1998;
Makharita et al., 2012). However, due to the short duration
of local anesthesia, the number of SGB treatments generally
need to be increased, which increases the chance of secondary
injury. Repeated treatment can lead to patient suffering, poor
compliance, and poor quality of life.

Sluijter first proposed pulsed radiofrequency (PRF) for pain
treatment (Sluijter, 1997). Since then, it has become a novel
means of pain management. PRF delivers short bursts of
radiofrequency currents (conducted through a needle) to nervous
tissue without damaging the tissue. PRF has a 480 ms pulse
intermission period that diffuses the generated temperature so
that the temperature of the electrode does not exceed 42◦C.
This temperature does not cause nerve damage, and thus avoids
complications such as hypoesthesia, paresthesia, and dyskinesia.
PRF exerts analgesia mainly through neuromodulation. PHN is
commonly treated with a combination of therapies.

Postherpetic neuralgia is one of the causes of complex
regional pain syndrome (CRPS). While there are a few reports
of SG pulsed radiofrequency being used for CRPS (Singh
Rana et al., 2015; Kim et al., 2017), there are no reports of
SG pulsed radiofrequency being used for PHN in facial and
upper limb areas.

In this study, SG pulsed radiofrequency was used to treat facial
and upper limb PHN; its clinical efficacy, safety, and long-term
quality of life compared with SGB were evaluated.

MATERIALS AND METHODS

Patients
From January 2015 to December 2016, 84 patients with PHN
on the face or upper limbs were enrolled at the Department

of Pain Management, Shengjing Hospital of China Medical
University (Figure 1). Postherpetic pigmentation or lesions were
distributed unilaterally; included were 24 cases of lesions in the
area of trigeminal innervation, 18 cases of lesions in the area
of facial nerve innervation, and 42 cases of lesions in the upper
limbs. Patients were randomly divided into two surgical groups
according to the order of enrollment: one group underwent SG
block (SG-B group, n = 42) and the other group underwent
SG pulse radiofrequency (SG-P group, n = 42). The study
was approved by the Ethics Committee of Shengjing Hospital
affiliated with China Medical University. Before surgery, all
patients were informed of surgical risks and complications.
Written informed consent according to the Declaration of
Helsinki was obtained from all patients.

The inclusion criteria were as follows: (1) visual analog scale
(VAS) was >5 points within 24 h of enrollment; (2) lesions of the
face and upper limbs had healed, but severe intractable pain, local
skin hyperalgesia, numbness, and abnormal sensation persisted;
(3) the natural course of the disease exceeded 1 month; (4) age
>30 years; (5) no nausea, vomiting, dizziness, constipation, or
urinary retention before randomization.

The exclusion criteria were as follows: epilepsy, trigeminal
neuralgia, intracranial space-occupying lesions, hematological
disorders, or abnormal blood coagulation, history of severe liver
and kidney dysfunction or history of severe cardiopulmonary
disease, pregnancy, and history of drug abuse.

Surgical Procedure
The patients were placed in a supine position, and the
appropriate needle, under CT guidance, was positioned at the
base of the C7-T1 parapophysis. A safe route was chosen
to avoid injury to the vessel, and the puncture point and
puncture angle were clearly defined. After disinfecting the
area, a 22G needle or radiofrequency needle was selected.
The needle was inserted at the CT positioning angle and
gradually advanced under CT guidance until the tip touched
the base of C7 and T1 parapophysis, then withdrawn 1–2 mm.
No blood or cerebrospinal fluid was drawn back. The SG-B
group was injected with 5 mL of 5% lidocaine. The SG-P
group was subjected to a radiofrequency test (Baylis Medical
Inc., Montreal, Canada): 50 Hz, 0.1–0.3 V sensory test, no
neural numbness to the upper limbs or other areas; 2 Hz,
0.4∼1.0 V exercise test, no corresponding segmental muscle
tremors and jumping sensation. The PRF was 42◦C for 300 s
(pulse width 20 ms and frequency 2 Hz). The PRF was
performed for two cycles. The needle was withdrawn and
pressure applied to the puncture point. No abnormalities
were observed. When vital signs were stable, the patient was
returned to the ward.

Since antiepileptic drugs are commonly used to treat
neuropathic pain, both groups were treated with the antiepileptic
drugs carbamazepine (Beijing Novartis Pharmaceutical Co.,
Ltd., China), gabapentin (Jiangsu Enhua Pharmaceutical Co.,
Ltd., China), and pregabalin (Pfizer Manufacturing Deutschland
GmbH, Germany). The opioid analgesia drug oxycontin
(Mundipharma Pharmaceutical Co., Ltd., China), and the
neurotrophic drug neurotropin (Nippon Zoki Pharmaceutical
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FIGURE 1 | Study flowchart. All 84 patients were included in the treatment.

Co., Ltd., Japan), were also used. The analgesic effect of all of these
drugs were unsatisfactory.

Observations and Follow Up
Preoperative information included gender, age,
pain duration, pain location, affected side of the
body, VAS, the dosage of antiepileptic and opioid
analgesia drugs.

Patients were followed at 1 week, 2 weeks, 1 month, 3 months,
and 6 months with a “blind” method by the non-surgical staff.
The following parameters were assessed:

(1) visual analog scale (VAS) to assess the pain level. (0 points –
painless, 10 points – unbearable pain).

(2) Thirty six item short-form health survey (SF-36) (Lam
et al., 2005) to assess the quality of life (QOL). The
questionnaire includes 36 questions; they were used to
generate eight scales, including physical, and mental states.
The QOL of patients before and after surgery at each
time point was assessed. Physical state includes: physical
function, physical role, bodily pain, and general health.
Mental state includes: vitality, social function, emotional
role, and mental health. All the data were summarized to
calculate Physical Component Summary (PCS), and Mental
Component Summary (MCS).

(3) Total effective rate. The assessment criteria for pain relief is
divided into four levels. Subjective symptoms and clinical
signs were assessed at 6 months: complete remission of
pain (CR, pain relief ≥75%), partial remission of pain

(PR, 50%≤ pain relief <75%), mild remission of pain
(MR, 25%≤ pain relief <50%), and no remission of
pain (NR, pain relief <25%). Significant effective rate
(%) = [(CR + PR)/n] × 100%, Total effective rate
(%) = [(CR+ PR+MR)/n]× 100%.

(4) Incidence of complications and side effects: including local
hematoma, brachial plexus block, pneumothorax, vascular
injury (common carotid artery, vertebral artery, vein, etc.),
high epidural and subarachnoid block; local anesthetic
related adverse reactions (vertigo, dizziness, tinnitus, chills,
local anesthetic poisoning, etc.); pain induration and
others such as hoarseness/aphonia, pharyngeal foreign body
sensation, infection, arrhythmia, etc.

Statistical Analysis
Data were analyzed using SPSS18.0 statistical software
(IBM Corporation, NY, United States). The measurement
data were first tested for normality using the single-sample
Kolmogorov–Smirnov test. The normal distribution variables
were compared using one-way analysis of variance (ANOVA)
followed by LSD pairwise comparison; values were expressed
as mean ± standard deviation (x̄ ± SD); the changes of
VAS, PCS, and MCS for all time points among the groups
were compared using repeated analysis of variance test. The
abnormal distribution variables were compared using the
Kruskal–Wallis rank sum test; values were expressed as the
median±interquartile range. The enumeration data were
analyzed by chi square test or Fisher’s exact test. P < 0.05 was
statistically significant.
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RESULTS

Patient Characteristics
All patients completed the surgeries, and the procedures
were successful. The basic condition of patients in the
SG-B and SG-P groups were compared before surgery.
There was no significant difference in the gender, age, pain
duration, pain location and affected side, VAS, the dosage of
antiepileptic and opioid analgesia drugs between the two groups
(P > 0.05) (Table 1).

VAS Pain Scores
After surgery, VAS decreased in both groups, and the
difference was significant compared with preoperative values
(P < 0.05). At the early follow-up time points (1 and
2 weeks), VAS decreased in both groups, but there was no
significant difference between groups. In the SG-B group,
VAS increased after 1 month, while in the SG-P group VAS
gradually decreased at the later follow-up time points. VAS
decreased significantly in the SG-P group after 1 month,
and there was a significant difference between the two
groups. This difference persisted to the 6 month time point
(P < 0.05) (Figure 2).

Quality of Life Evaluation
Both groups of patients achieved varying degrees of improvement
in quality of life after pain relief, including physical function,
physical role, bodily pain, general health, vitality, social function,
emotional role, and mental health. The PCS and MCS increased
in the two groups after the operation at each observation
time point, and the difference was significant compared with
preoperative levels (P < 0.05). At the early time points post

FIGURE 2 | Comparison of VAS pain scores pre-surgery and post-surgery in
the two groups. At 1 and 2 weeks, VAS decreased in both groups (P > 0.05);
VAS decreased significantly in the SG-P group after 1 month (P < 0.05).
Results are presented as means ± SEMs. ∗Compared to pre-surgery,
P < 0.05; #Compared with SG-B group, P < 0.05.

treatment (1 and 2 weeks), both PCS and MCS gradually
increased, but there was no significant difference between the
two groups. In the SG-B group, PCS and MCS decreased after
1 month, while in the SG-P group, PCS and MCS continued to
gradually increase, indicating a prolonged improvement in the
quality of life. PCS and MCS increased significantly after 1 month
in SG-P group, and there was a significant difference between the

TABLE 1 | Pre-surgery patient characteristics in SG-B and SG-P groups.

Parameters Group P-value

SG-B SG-P

Patients (n) 42 42 –

Gender (F/M, %) 20 (47.6%)/22 (52.4%) 19 (45.2%)/23 (54.8%) 0.827

Age (years, range) 55.28 ± 8.35 (34–72) 56.13 ± 8.56 (35–70) 0.569

Pre-surgery pain duration (M, range) 8.32 ± 5.27 (3–17) 8.54 ± 5.42 (3–20) 0.675

Pain location (n, %)

Trigeminal nerve 20 (47.6%) 21 (50.0%) –

Facial nerve 6 (14.3%) 7 (16.7%) –

Brachial plexus 16 (38.1%) 14 (33.3%) –

Affected side (n, %)

Right 28 (66.7%) 30 (71.4%) –

Left 14 (33.3%) 12 (28.6%) –

Pre-surgery VAS 7.52 ± 1.38 7.61 ± 1.51 0.416

Pre-surgery drug dosage

Carbamazepine (mg/d, n) 558.65 ± 79.53 (23) 562.02 ± 80.19 (24) 0.493

Gabapentin (g/d, n) 2.78 ± 0.45 (10) 2.81 ± 0.52 (9) 0.715

Pregabalin (mg/d, n) 426.86 ± 73.71 (9) 428.28 ± 74.64 (9) 0.532

Oxycontin (mg/day, n) 43.62 ± 12.78 (42) 44.06 ± 11.95 (42) 0.584

SG-B, stellate ganglion blockade; SG-P, stellate ganglion pulsed radiofrequency; VAS, visual analog scale. Data are presented as numbers (%) of patients or mean ± SD.
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FIGURE 3 | Comparison of quality of life scores (SF-36) pre-surgery and post-surgery in the two groups. At 1 and 2 weeks, PCS and MCS increased in both groups
(P > 0.05); PCS and MCS increased significantly in the SG-P group after 1 month (P < 0.05). PCS, Physical Component Summary; MCS, Mental Component
Summary; Results are presented as means ± SEMs. ∗Compared to pre-surgery, P < 0.05; #Compared with SG-B group, P < 0.05.

two groups. This difference persisted to the 6 month follow-up
time point (P < 0.05) (Figure 3).

Total Effective Rate
At 6 months post-surgery, the total effective rate of the SG-B and
SG-P groups was 64.3 and 83.3%, respectively. The total effective
rate of SG-P group was higher than that of SG-B group, and the
difference was statistically significant (P = 0.047) (Table 2).

Incidence of Complications and Side
Effects
The procedures were completed within 30 min for both groups.
Postoperatively, there were no pneumothoraces, no epidural and
subarachnoid blockades, no infection, no arrhythmia and no
serious complications in either group.

Both groups had local hematoma, nausea and vomiting,
hoarseness/aphonia, and pharyngeal foreign body sensation.
After local cold compresses, the symptoms gradually resolved
within 6 months without subsequent serious adverse reactions.
The SG-B group experienced headache, vertigo, and dizziness;
complications of brachial plexus block and pain induration also
occurred; the total incidence of complications and side effect was
52.4% (22/42). There was no headache, vertigo, or dizziness, and
no complication of brachial plexus block or pain induration in
the SG-P group; the total incidence of complications and side
effect was 16.7% (7/42). The incidence of complications and side

TABLE 2 | Total effective rate in SG-B and SG-P groups (%).

Group n Excellent Effective Ineffective The total effective
rate(%)

SG-B 42 16 11 15 64.3

SG-P 42 23 12 7 83.3∗

SG-B, stellate ganglion blockade; SG-P, stellate ganglion pulsed radiofrequency;
∗Compared with SG-B group, P < 0.05.

effects in the SG-B group was higher than that in the SG-P group
(P = 0.001) (Table 3).

DISCUSSION

Postherpetic neuralgia is a chronic neuropathic pain.
It mainly manifests as spontaneous, allodynia, and
hyperalgesia. PHN is associated with the location of herpes
and severity of the pain. Patients with herpes zoster in
the facial and upper limb areas experience severe pain
(Nagasako et al., 2002), and the damaged nerves are more
prone to develop PHN. The etiology and mechanism of
PHN are unclear, and there are no effective treatments.
Because of the special anatomical positions of the facial
and upper limb areas, the choice of treatment options
is limited. Thus, it is urgent that an effective method of
treatment be found.

Postherpetic neuralgia is commonly treated with a variety
of drugs, including analgesics, anticonvulsants, antidepressants,

TABLE 3 | Complications and side effects in SG-B and SG-P groups (%).

Complications Group

SG-B SG-P

Hematoma, n (%) 3 (7.1) 2 (4.8)

Headache/vertigo/dizziness, n (%) 2 (4.8) 0 (0.0)

Nausea/vomiting, n (%) 4 (9.5) 2 (4.8)

Brachial plexus block, n (%) 5 (11.9) 0 (0.0)

Pain induration, n (%) 3 (7.1) 0 (0.0)

Hoarseness/aphonia, n (%) 3 (7.1) 1 (2.4)

Throat foreign body sensation, n (%) 2 (4.8) 2 (4.8)

Incidence of complications and side effect (%) 22 (52.4) 7 (16.7)∗

SG-B, stellate ganglion blockade; SG-P, stellate ganglion pulsed radiofrequency;
∗Compared with SG-B group, P < 0.05.
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and neurotrophic drugs. However, such treatment is generally
inadequate for cases involving moderate to severe pain (Sacks,
2013). When herpes invades the area of the face and upper
limbs, conventional drug therapy generally needs a longer course
of treatment, which can result in a greater chance of adverse
reactions. SGB can effectively relieve the acute pain of herpes
and reduce the incidence of PHN (Boas, 1998; Wu et al.,
2000; Makharita et al., 2012). It is an effective method to treat
neurovascular diseases of the face and upper limbs and can
effectively relieve the complex regional pain syndromes (CRPS)
of the upper body (Datta et al., 2017).

The analgesic mechanism of SGB is still not clear, but most
likely involves central and peripheral mechanisms. The central
site is mainly located in the hypothalamus (Ranson et al., 1998;
Westerhaus and Loewy, 2001), regulating the autonomic nervous
system, endocrine system and immune system to maintain the
stability of the body’s internal environment (Yokoyama et al.,
2000). The peripheral effect of SGB is to block the voltage-
gated sodium channels on the nerve cell membrane through
local anesthetics, making it difficult for the neural membrane
potential to reach the action potential threshold, completely
and reversibly blocking the generation and conduction of
nerve impulses, blocking the spinal reflex pathway (Lynch
and Elgeneidy, 1996; Lipov et al., 2009), and reducing the
sympathetic nerve excitability. The functions of the vasculature,
glandular secretion, muscle movement, bronchial smooth muscle
contraction, and pain transmission controlled by sympathetic
nerves are inhibited, thereby dilating blood vessels, increasing
the blood flow in the facial and upper limbs, and reducing
vascular resistance (Kang et al., 2010; Kim et al., 2018). SGB can
improve the neurotrophic status, blocking the vicious cycle of
pain (Reinauer et al., 1994). At the same time, it can enhance
the defense function and prevent nerve damage (Boas, 1998).
SGB can reduce norepinephrine (Mulvaney et al., 2010) and
prostaglandins in the brain and plasma, improve ischemic,
anoxic and metabolic abnormalities in local tissues, and remove
inflammatory mediators by increasing local blood circulation
(Park et al., 2010; Gopal et al., 2013; Kim et al., 2013). SGB can
also significantly reduce the cortisol, aldosterone, angiotensin-
2, 5-hydroxytryptamine and substance P in the blood of
patients with pain (Wang et al., 2005; Jeon, 2016), change the
lymphocyte subsets and NK cell activity (Yokoyama et al., 2000),
inhibit the proinflammatory cytokines IL-1β, IL-6 and TNF-α,
regulate the early inflammation responses (Liu et al., 2013),
and promote nerve repair. SGB can effectively alleviate facial
and upper limb PHN. However, the SG has a special anatomic
location and the adjacent structures are complex. Severe
complications such as hoarseness, pneumothorax, epidural block,
subarachnoid space block, esophageal injury, vascular injury
and hematoma formation (Hirota et al., 2017) may occur as a
result of the surgery. Anesthetic drugs have a short duration
of action. In order to reduce pain and improve efficacy,
it is often necessary to increase the number of treatments,
which may increase the occurrence of side effects and patient
suffering. Therefore, it is desirable to find a therapeutic method
that is effective and that can maintain analgesia for an
extended period of time.

Radiofrequency is an effective treatment for chronic pain,
including conventional radiofrequency (CRF) and PRF. Kastler
et al. (2013) reported that CT-guided stellate ganglion CRF
treatment of upper limb chronic refractory CRPS-I was more
effective than SGB, with an effective rate of 67.6%. CRF produces
a high-temperature effect through high-frequency currents,
which causes coagulation and degeneration of pain-reducing
nerve fibers (Aδ and C-type fibers) and blocks action potentials
to achieve analgesia. The mechanism of PRF is different from
CRF. The analgesic mechanism of pulsed radiofrequency is
unclear (Lin et al., 2014), and it is currently believed that
the analgesia is produced by neuromodulation (Cahana et al.,
2006; Rehman et al., 2012). The radiofrequency current of PRF
is intermittent. This energy transfer does not cause protein
coagulation, does not destroy the anatomical basis of pain
impulse transmission, and does not cause nerve damage. PRF
analgesia is not achieved through temperature effects (Podhajsky
et al., 2005; Hamann et al., 2006).

In this study, the decrease in reported pain resulted from
a combination of treatments, including analgesic drugs, and
neurotrophic drugs. VAS decreased after the operation in
both groups, and the difference was significant compared with
preoperative values. VAS decreased early in both groups, but VAS
in the SG-B group increased after 1 month, while SG-P group
still maintained VAS reduction at the later time points. This may
be due to the gradual metabolism of local anesthetic drugs over
time. As a result, the long-term analgesic substances metabolize
and the effect gradually reduces, making it difficult to maintain
long-term analgesia. The effect of PRF may be at the microscopic
or even subcellular level (Cosman and Cosman, 2005). The effect
of neuromodulation is slow, but it can be maintained for an
extended period of time.

Inflammation and neurotrophic factors are involved in PHN
(Zhao et al., 2017). PRF can regulate the expression of multiple
genes in the conduction pathway, enhancing the expression
of anti-inflammatory factor genes (GABAB-R1, Na/KATPase,
and 5-HT3r) in the dorsal root ganglion, while decreasing the
expression of proinflammatory factor genes (TNF-α and IL-
6) (Vallejo et al., 2013). PRF has an immunoregulation effect,
which has been shown to significantly reduce the level of
CD56+, CD3−, IFN-γ, and NK cell frequency, and increase
CD8+ T cell frequency and IL-6 in cerebrospinal fluid (Das
et al., 2018). PRF has been shown to upregulate the transcription
and translation of glial cell line-derived neurotrophic factor
(GDNF) in the sciatic nerve and spinal cord (Jia et al.,
2016; Hailong et al., 2018) and reduce calcitonin gene-related
peptide (CGRP) expression in dorsal root ganglion (Ren et al.,
2018). PRF inhibited the excitatory neurotransmitter (glutamate)
induced by nociception and then induced an analgesic effect
on neuropathic pain (Huang et al., 2016). PRF increased
histone acetylation and potassium-chloride cotransporter 2
(KCC2) expression, partially restored GABA synaptic function,
alleviated inflammatory pain sensitization (Liu et al., 2017),
and attenuated JNK activation in the spinal dorsal horn (Chen
et al., 2014). Therefore, PRF effectively relieves pain, and can
be maintained over an extended period of time. This long-term
analgesic effect avoids repeated treatment of the stellate ganglion.
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In addition, sensory and exercise nerve tests can be performed
before PRF treatment, which will more accurately locate nerves
and avoid complications. Therefore, SGB could be used to test
the effect first. If the treatment was effective, then SG PRF
was used to obtain the positive result. The stellate ganglion is
composed of C3–C7 cervical inferior sympathetic ganglia and
T1 sympathetic ganglia. The gray traffic branch is connected
with the spinal nerves and contains the sympathetic nerve fibers
of the brachial plexus. In this study, the SG-B patient group
experienced headache, vertigo and dizziness, and there were
complications of brachial plexus block and pain induration.
No such complications occurred in the SG-P group. The SG-
B group had more complications and side effects than SG-
P group. The main complications were brachial plexus block
and pain induration, which may be related to the diffusion
and local injury of local anesthetic drugs. These complications
and side effects could affect patient compliance and affected
further treatment.

In summary, SG pulsed radiofrequency treatment of facial
and upper limb PHN proved superior to SG blockage. The SG

pulsed radiofrequency method is safe and effective as it alleviates
PHN, improves the quality of life of the patients, and avoids the
adverse reaction of local anesthetics. It is a method of treatment
worth promoting.

AUTHOR CONTRIBUTIONS

TH and PY designed and conducted the study, including patient
recruitment, data collection, and data analysis. HL, ZH, and
SW collected the data. YD prepared the manuscript draft. GZ
analyzed the data. All authors approved the final manuscript.

FUNDING

This study was supported by the Natural Science Foundation of
Liaoning Province (No. 20170541032) and Shenyang Young and
Middle-aged Science and Technology Innovation Talent Support
Plan (No. RC170045).

REFERENCES
Boas, R. A. (1998). Sympathetic nerve blocks: in search of a role. Reg. Anesth. Pain

Med. 23, 292–305. doi: 10.1097/00115550-199823030-00012
Cahana, A., Zundert, J., Macrea, L., van Kleef, M., and Sluijter, M. (2006). Pulsed

radiofrequency: current clinical and biological literature available. Pain Med. 7,
411–423. doi: 10.1111/j.1526-4637.2006.00148.x

Chen, K. H., Yang, C. H., Juang, S. E., Huang, H. W., Cheng, J. K., Sheen-
Chen, S. M., et al. (2014). Pulsed radiofrequency reduced complete Freund’s
adjuvant-induced mechanical hyperalgesia via the spinal c-Jun N-terminal
kinase pathway. Cell Mol. Neurobiol. 34, 195–203. doi: 10.1007/s10571-013-
0003-z

Das, B., Conroy, M., Moore, D., Lysaght, J., and McCrory, C. (2018). Human dorsal
root ganglion pulsed radiofrequency treatment modulates cerebrospinal fluid
lymphocytes and neuroinflammatory markers in chronic radicular pain. Brain
Behav. Immun. 70, 157–165. doi: 10.1016/j.bbi.2018.02.010

Datta, R., Agrawal, J., Sharma, A., Rathore, V. S., and Datta, S. (2017). A study
of the efficacy of stellate ganglion blocks in complex regional pain syndromes
of the upper body. J. Anaesthesiol. Clin. Pharmacol. 33, 534–540. doi: 10.4103/
joacp.JOACP_326_16

Fashner, J., and Bell, A. L. (2011). Herpes zoster and postherpetic neuralgia:
prevention and management. Am. Fam. Phys. 83, 1432–1437.

Forbes, H. J., Thomas, S. L., Smeeth, L., Clayton, T., Farmer, R., Bhaskaran, K., et al.
(2016). A systematic review and meta-analysis of risk factors for postherpetic
neuralgia. Pain 157, 30–54. doi: 10.1097/j.pain.0000000000000307

Gopal, D., Singh, N. G., Jagadeesh, A. M., Ture, A., and Thimmarayappa, A. (2013).
Comparison of left internal mammary artery diameter before and after left
stellate ganglion block. Ann. Card Anaesth. 16, 238–242. doi: 10.4103/0971-
9784.119161

Hailong, J., Hao, R., Zipu, J., Nan, J., and Fang, L. (2018). Pulsed radiofrequency
improves neuropathic pain in chronic constriction injury rats through the
upregulation of the transcription and translation levels of glial cell line-derived
neurotrophic factor. Pain Phys. 21, 33–40.

Hamann, W., Abou-Sherif, S., Thompson, S., and Hall, S. (2006). Pulsed
radiofrequency applied to dorsal root ganglia causes a selective increase in ATF3
in smallneurons. Eur. J. Pain 10, 171–176. doi: 10.1016/j.ejpain.2005.03.001

Hirota, K., Hirata, K., Shibata, S., Shigematsu, K., Higa, K., and Yamaura, K. (2017).
Risk vessels of retropharyngeal hematoma during stellate ganglion block. Reg.
Anesth. Pain Med. 42, 778–781. doi: 10.1097/AAP.0000000000000644

Huang, Y. H., Hou, S. Y., Cheng, J. K., Wu, C. H., and Lin, C. R. (2016).
Pulsed radiofrequency attenuates diabetic neuropathic pain and suppresses

formalin-evoked spinal glutamate release in rats. Int. J. Med. Sci. 13, 984–991.
doi: 10.7150/ijms.16072

Jeon, Y. (2016). Therapeutic potential of stellate ganglion block in orofacial pain: a
mini review. J. Dent. Anesth. Pain Med. 16, 159–163. doi: 10.17245/jdapm.2016.
16.3.159

Jia, Z., Ren, H., Li, Q., Ji, N., and Luo, F. (2016). Pulsed radiofrequency reduced
neuropathic pain behavior in rats associated with upregulation of GDNF
expression. Pain Phys. 19, 49–58.

Johnson, R. W., Bouhassira, D., Kassianos, G., Leplège, A., Schmader, K. E., and
Weinke, T. (2010). The impact of herpes zoster and post-herpetic neuralgia on
quality-of-life. BMCMed. 8:37. doi: 10.1186/1741-7015-8-37

Cosman, E. R. Jr., and Cosman, E. R. Sr. (2005). Electricand thermal field effects in
tissue around radiofrequency electrodes. Pain Med. 6, 405–424. doi: 10.1111/j.
1526-4637.2005.00076.x

Kang, C. K., Oh, S. T., Chung, R. K., Lee, H., Park, C. A., Kim, Y. B., et al.
(2010). Effect of stellate ganglion block on the cerebrovascular system: magnetic
resonance angiography study. Anesthesiology 113, 936–944. doi: 10.1097/ALN.
0b013e3181ec63f5

Kastler, A., Aubry, S., Sailley, N., Michalakis, D., Siliman, G., Gory, G., et al.
(2013). CT-guided stellate ganglion blockade vs. radiofrequency neurolysis
in the management of refractory type I complex regional pain syndrome
of the upper limb. Eur. Radiol. 23, 1316–1322. doi: 10.1007/s00330-012-
2704-y

Kim, E. D., Yoo, W. J., Kim, Y. N., and Park, H. J. (2017). Ultrasound-guided
pulsed radiofrequency treatment of the cervical sympathetic chain for complex
regional pain syndrome: a retrospective observational study.Medicine 96:e5856.
doi: 10.1097/MD.0000000000005856

Kim, E. M., Yoon, K. B., Lee, J. H., Yoon, D. M., and Kim, D. H. (2013). The effect
of oxygen administration on regional cerebral oxygen saturation after stellate
ganglion block on the non-blocked side. Pain Phys. 16, 117–124.

Kim, M. K., Yi, M. S., Park, P. G., Kang, H., Lee, J. S., and Shin, H. Y. (2018).
Effect of stellate ganglion block on the regional hemodynamics of the upper
extremity: a randomized controlled trial. Anesth. Analg. 126, 1705–1711. doi:
10.1213/ANE.0000000000002528

Lam, C. L., Tse, E. Y., Gandek, B., and Fong, D. Y. (2005). The SF?36 summary
scaleswere valid, reliable, and equivalent in a Chinese population. J. Clin.
Epidemiol. 58, 815–822. doi: 10.1016/j.jclinepi.2004.12.008

Lin, M. L., Lin, W. T., Huang, R. Y., Chen, T. C., Huang, S. H., Chang, C. H., et al.
(2014). Pulsed radiofrequency inhibited activation of spinal mitogen-activated
protein kinases and ameliorated early neuropathic pain in rats. Eur. J. Pain 18,
659–670. doi: 10.1002/j.1532-2149.2013.00419.x

Frontiers in Neuroscience | www.frontiersin.org 7 March 2019 | Volume 13 | Article 170

https://doi.org/10.1097/00115550-199823030-00012
https://doi.org/10.1111/j.1526-4637.2006.00148.x
https://doi.org/10.1007/s10571-013-0003-z
https://doi.org/10.1007/s10571-013-0003-z
https://doi.org/10.1016/j.bbi.2018.02.010
https://doi.org/10.4103/joacp.JOACP_326_16
https://doi.org/10.4103/joacp.JOACP_326_16
https://doi.org/10.1097/j.pain.0000000000000307
https://doi.org/10.4103/0971-9784.119161
https://doi.org/10.4103/0971-9784.119161
https://doi.org/10.1016/j.ejpain.2005.03.001
https://doi.org/10.1097/AAP.0000000000000644
https://doi.org/10.7150/ijms.16072
https://doi.org/10.17245/jdapm.2016.16.3.159
https://doi.org/10.17245/jdapm.2016.16.3.159
https://doi.org/10.1186/1741-7015-8-37
https://doi.org/10.1111/j.1526-4637.2005.00076.x
https://doi.org/10.1111/j.1526-4637.2005.00076.x
https://doi.org/10.1097/ALN.0b013e3181ec63f5
https://doi.org/10.1097/ALN.0b013e3181ec63f5
https://doi.org/10.1007/s00330-012-2704-y
https://doi.org/10.1007/s00330-012-2704-y
https://doi.org/10.1097/MD.0000000000005856
https://doi.org/10.1213/ANE.0000000000002528
https://doi.org/10.1213/ANE.0000000000002528
https://doi.org/10.1016/j.jclinepi.2004.12.008
https://doi.org/10.1002/j.1532-2149.2013.00419.x
https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-13-00170 March 6, 2019 Time: 17:31 # 8

Ding et al. SG PRF for PHN

Lipov, E. G., Joshi, J. R., Sanders, S., and Slavin, K. V. (2009). A unifying theory
linking the prolonged efficacy of the stellate ganglion block for the treatment
of chronic regional pain syndrome (CRPS), hot flashes, and posttraumatic
stress disorder (PTSD).Med. Hypotheses 72, 657–661. doi: 10.1016/j.mehy.2009.
01.009

Liu, C. K., Liao, W. T., Chu, Y. C., Yang, C. H., Chen, K. H., Wu, C. H., et al.
(2017). Pulsed radiofrequency attenuates complete freund’s adjuvant-induced
epigenetic suppression of potassium chloride cotransporter 2 expression. Pain
Med. 18, 807–813. doi: 10.1093/pm/pnw243

Liu, M. H., Tian, J., Su, Y. P., Wang, T., Xiang, Q., and Wen, L. (2013). Cervical
sympathetic block regulates early systemic inflammatory response in severe
trauma patients. Med. Sci. Monit. 19, 194–201. doi: 10.12659/MSM.883833

Lynch, M. E., and Elgeneidy, A. K. (1996). The role of sympathetic activity in
neuropathic orofacial pain. J. Orofac. Pain 10, 297–305.

Makharita, M. Y., Amr, Y. M., and El-Bayoumy, Y. (2012). Effect of early stellate
ganglion blockade for facial pain from acute herpes zoster and incidence of
postherpetic neuralgia. Pain Phys. 15, 467–474.

Mulvaney, S. W., McLean, B., and de Leeuw, J. (2010). The use of stellate
ganglion block in the treatment of panic/anxiety symptoms with combat-
related post-traumatic stress disorder; preliminary results of long-term follow-
up: a case series. Pain Pract. 10, 359–365. doi: 10.1111/j.1533-2500.2010.
00373.x

Nagasako, E. M., Johnson, R. W., Griffin, D. R., and Dworkin, R. H. (2002). Rash
severity in herpes zoster: correlates and relationship to postherpetic neuralgia.
J. Am. Acad. Dermatol. 46, 834–839. doi: 10.1067/mjd.2002.120924

Park, H. M., Kim, T. W., Choi, H. G., Yoon, K. B., and Yoon, D. M. (2010).
The change in regional cerebral oxygen saturation after stellate ganglion block.
Korean J. Pain 23, 142–146. doi: 10.3344/kjp.2010.23.2.142

Podhajsky, R. J., Sekiguchi, Y., Kikuchi, S., and Myers, R. R. (2005). The histologic
effects of pulsed and continuous radiofrequency lesions at 42 degrees C to rat
dorsal root ganglion and sciatic nerve. Spine 30, 1008–1013. doi: 10.1097/01.brs.
0000161005.31398.58

Ranson, R. N., Motawei, K., Pyner, S., and Coote, J. H. (1998). The paraventricular
nucleus of the hypothalamus sends efferents to the spinal cord of the rat that
closely appose sympathetic preganglionic neurones projecting to the stellate
ganglion. Exp. Brain Res. 120, 164–172. doi: 10.1007/s002210050390

Rehman, S. U., Khan, M. Z., Hussain, R., and Jamshed, A. (2012). Pulsed
radiofrequency modulation for lingual neuralgia. Br. J. Oral. Maxillofac. Surg.
50, e4–e5. doi: 10.1016/j.bjoms.2011.06.001

Reinauer, S., Goerz, G., Hölzle, E., Heusgen, F., Dinter, W., Tarnow, J., et al.
(1994). Distal edema and hyperhidrosis of the arm. Symptoms of reflex
sympathetic dystrophy (Sudeck’s disease). Hautarzt 45, 696–701. doi: 10.1007/
s001050050152

Ren, H., Jin, H., Jia, Z., Ji, N., and Luo, F. (2018). Pulsed radiofrequency applied to
the sciatic nerve improves neuropathic pain by down-regulating the expression
of calcitonin gene-related peptide in the dorsal root ganglion. Int. J. Med. Sci.
15, 153–160. doi: 10.7150/ijms.20501

Sacks, G. M. (2013). Unmet need in the treatment of postherpetic neuralgia. Am. J.
Manag. Care 19, S207–S213.

Singh Rana, S. P., Abraham, M., Gupta, V., Biswas, S., and Marda, M. (2015).
Stellate ganglion pulsed radiofrequency ablation for stretch induced complex
regional pain syndrome type, II. Saudi J. Anaesth. 9, 470–473. doi: 10.4103/
1658-354X.159480

Sluijter, M. E. (1997). “Non-thermal radiofrequency proce-dures in the treatment
spinal pain,” in Proceedings of the Pain in Europe; Barcelona: 2nd Annual
Congress of the European Federation of IASP Chapters, Barcelona.

Vallejo, R., Tilley, D. M., Williams, J., Labak, S., Aliaga, L., and Benyamin, R. M.
(2013). Pulsed radiofrequency modulates pain regulatory gene expression along
the nociceptive pathway. Pain Phys. 16, E601–E613.

Wang, Q. X., Wang, X. Y., Fu, N. A., Liu, J. Y., and Yao, S. L. (2005). Stellate
ganglion block inhibits formalin-induced nociceptive responses: mechanism of
action. Eur. J. Anaesthesiol. 22, 913–918. doi: 10.1017/S0265021505001559

Westerhaus, M. J., and Loewy, A. D. (2001). Central representation of the
sympathetic nervous system in the central cortex. Brain Res. 903, 117–127.
doi: 10.1016/S0006-8993(01)02453-2

Wu, C. L., Marsh, A., and Dworkin, R. H. (2000). The role of sympathetic
nerve blocks in herpes zoster and postherpetic neuralgia. Pain 87, 121–129.
doi: 10.1016/S0304-3959(00)00230-X

Yokoyama, M., Nakatsuka, H., Itano, Y., and Hirakawa, M. (2000). Stellate ganglion
block modifies the distribution of lymphocyte subsets and natural-killer cell
activity. Anesthesiology 92, 109–115. doi: 10.1097/00000542-200001000-00021

Zhao, W., Wang, Y., Fang, Q., Wu, J., Gao, X., Liu, H., et al. (2017). Changes in
neurotrophic and inflammatory factors in the cerebrospinal fluid of patients
with postherpetic neuralgia. Neurosci. Lett. 637, 108–113. doi: 10.1016/j.neulet.
2016.11.041

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Ding, Yao, Li, Han, Wang, Hong and Zhao. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org 8 March 2019 | Volume 13 | Article 170

https://doi.org/10.1016/j.mehy.2009.01.009
https://doi.org/10.1016/j.mehy.2009.01.009
https://doi.org/10.1093/pm/pnw243
https://doi.org/10.12659/MSM.883833
https://doi.org/10.1111/j.1533-2500.2010.00373.x
https://doi.org/10.1111/j.1533-2500.2010.00373.x
https://doi.org/10.1067/mjd.2002.120924
https://doi.org/10.3344/kjp.2010.23.2.142
https://doi.org/10.1097/01.brs.0000161005.31398.58
https://doi.org/10.1097/01.brs.0000161005.31398.58
https://doi.org/10.1007/s002210050390
https://doi.org/10.1016/j.bjoms.2011.06.001
https://doi.org/10.1007/s001050050152
https://doi.org/10.1007/s001050050152
https://doi.org/10.7150/ijms.20501
https://doi.org/10.4103/1658-354X.159480
https://doi.org/10.4103/1658-354X.159480
https://doi.org/10.1017/S0265021505001559
https://doi.org/10.1016/S0006-8993(01)02453-2
https://doi.org/10.1016/S0304-3959(00)00230-X
https://doi.org/10.1097/00000542-200001000-00021
https://doi.org/10.1016/j.neulet.2016.11.041
https://doi.org/10.1016/j.neulet.2016.11.041
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles

	CT-Guided Stellate Ganglion Pulsed Radiofrequency Stimulation for Facial and Upper Limb Postherpetic Neuralgia
	Introduction
	Materials and Methods
	Patients
	Surgical Procedure
	Observations and Follow Up
	Statistical Analysis

	Results
	Patient Characteristics
	VAS Pain Scores
	Quality of Life Evaluation
	Total Effective Rate
	Incidence of Complications and Side Effects

	Discussion
	Author Contributions
	Funding
	References


