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ABSTRACT

Zoster-associated pain (ZAP) is a painful condi-
tion that significantly impacts a patient’s qual-
ity of life, often leading to postherpetic
neuralgia (PHN). Over 30% of patients with
herpes probably experience PHN. However, the
understanding and treatment of ZAP remain
inadequate. Common interventional treat-
ments include radiofrequency therapy, nerve
blocks, epidural block, and spinal cord electrical
stimulation. Among these, radiofrequency
therapy is widely used for pain control in ZAP,
but the standard pulsed radiofrequency tech-
nique can still be improved. Researchers have

explored different radiofrequency parameters,
modes, targets, and combined treatments to
enhance the therapeutic effect. In this paper, we
review the latest research findings and incor-
porate our own departmental investigations.
We conclude that high-voltage, long-duration
pulsed radiofrequency and radiofrequency
thermocoagulation therapy have shown
improved therapeutic outcomes, despite some
remaining limitations. Emphasis is placed on
safety in intercostal nerve and extracranial
nerve radiofrequency treatments. Combination
therapy is also safe and effective; however,
many studies have a low grade of evidence.
Further high-quality research and systematic
reviews are needed.
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Key Summary Points

Why carry out this study?

Zoster-associated pain (ZAP) is a
neuropathic pain syndrome characterized
by complex mechanisms that cause severe
discomfort and a high incidence of
complications, leading to significant
physical and psychological distress for
patients.

Current treatment approaches for ZAP
involve early administration of antiviral
medications, analgesics, and various
minimally invasive interventions.

While radiofrequency therapy has gained
popularity as a treatment for ZAP, there
remains a lack of standardization
regarding its parameters and therapeutic
objectives, which necessitates further
investigation. This paper aims to review
the recent advancements in this field.

What was learned from the study?

The application of high-voltage, long-
duration pulsed radiofrequency and
radiofrequency thermocoagulation
therapy has shown improved therapeutic
outcomes, but attention should be given
to potential intraoperative and
postoperative complications.

Both intercostal nerves at the angulus
costae and extracranial targets have
demonstrated effectiveness as targets for
radiofrequency therapy while
maintaining a high level of safety.

Combined treatments utilizing multiple
mechanisms are currently gaining
recognition and popularity.

INTRODUCTION

Zoster-associated pain (ZAP) is caused by the
reactivation of the varicella-zoster virus (VZV)
that had been dormant in the ganglion [1]. It
results in severe stabbing, stinging, and burning
pain in the skin of the affected area during
herpes outbreaks and after the herpes has
healed. ZAP is the primary clinical manifesta-
tion of herpes zoster (HZ) and is the main rea-
son patients seek medical attention. The
incidence rate of HZ ranges from 3 to 5 cases per
1000 person-years. The risk of developing pos-
therpetic neuralgia (PHN) varied from 5% to
over 30%. Additionally, over 30% of patients
with PHN experienced persistent pain for more
than 1 year [2]. It significantly reduces patients’
quality of life and causes physical and mental
suffering.

Studies have shown that VZV can be reacti-
vated by various factors, including aging, stress,
low immunity, and the use of immunosup-
pressive drugs [3]. The risk of virus reactivation
increases when the body’s immunity decreases
to the ‘‘herpes zoster threshold’’ (a lower level of
VZV-specific T cell) [4]. When that happens,
some patients will experience a period of neu-
ropathic pain, which can be categorized into
the acute phase, subacute phase, and PHN
phase [5, 6]. The mechanism responsible for the
transition from the acute phase of ZAP to the
PHN phase is still unclear and requires further
study [7].

Not all patients progress to PHN, but when it
does occur, it is often challenging to treat and
typically requires a multimodal pharmacologi-
cal and interventional treatment approach to
alleviate this debilitating pain and provide
symptomatic relief to patients [8]. Early identi-
fication and treatment of ZAP remain a primary
focus [2, 9]. Pharmacological treatments are
widely used, and minimally invasive interven-
tions are thriving. Minimally invasive therapies
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such as nerve block, radiofrequency, spinal cord
electrical stimulation, and ozone injection have
been proven effective in treating ZAP [10].
Radiofrequency therapy has recently gained
popularity for its efficacy, rapid onset of action,
minimal invasiveness, and relative affordability.
The availability of CT, X-ray, ultrasound, and
sensorimotor testing has greatly improved the
accuracy and safety of puncturing the dorsal
root ganglion (DRG) and the semilunar node of
the trigeminal nerve, which are the most com-
monly targeted areas for radiofrequency
therapy.

Pulsed radiofrequency is widely used for
treating ZAP owing to its nondestructive nature.
However, researchers have observed that stan-
dard pulsed radiofrequency treatment only
provides short-term pain relief, making it prone
to recurrence. To enhance the therapeutic effect
and prolong the duration of analgesia,
researchers have been continuously exploring
potential solutions.

SELECTION OF EVIDENCE

Papers for this narrative review were collected
through a keyword search in several databases
including PubMed, Google Scholar, and Web of
Science Core Collection using terms ‘‘herpes
zoster,’’ ‘‘neuralgia,’’ ‘‘radiofrequency therapy,’’
and ‘‘intercostal nerve’’ without considering
publication date limitations; no gray literature
was included. The search was last updated in
May 2023. The authors determined inclusion
on the basis of the papers’ relevance to the
topic; 26 papers were finally included. This
article is a collection of previous studies and
does not involve any new studies with human
or animal participants conducted by the
authors.

OVERVIEW OF RADIOFREQUENCY
THERAPY

The principle of radiofrequency therapy
involves the emission of an electric current by a
device, creating a constantly changing electric
field between the working electrode’s tip and

the surrounding tissue. This generates a mag-
netic field and heat through friction and
impact, known as the field effect and thermal
effect [11]. The mechanism of radiofrequency
therapy, whether attributed to the field effect or
thermal effect, remains controversial.

Radiofrequency modes can be broadly cate-
gorized into pulsed radiofrequency and
radiofrequency thermocoagulation. In the
standard pulsed radiofrequency mode, the
electrode rests for 480 ms for every 20 ms of
work, maintaining the tissue temperature
around the working electrode at a low 42 �C.
This produces field and biological effects with-
out causing thermal damage to the tissue cells.
On the other hand, radiofrequency thermoco-
agulation mode involves continuous work by
the electrode, raising the tissue temperature
around the working tip to 65 �C or higher.

However, the use of radiofrequency ther-
mocoagulation on spinal nerves with overt
motor function involvement, such as those
innervating the upper and lower extremities, is
avoided because of the risk of motor function
damage [12].

PROGRESS IN RADIOFREQUENCY
THERAPY IN ZAP

This section examines the efficacy and safety of
radiofrequency therapy in ZAP, analyzing
recent research progress in radiofrequency
parameters (Supplementary Table 1), modes
(Supplementary Table 2), targets (Supplemen-
tary Table 3), and combined treatments. ZAP
predominantly affects spinal nerves, with
approximately 48.1% of cases occurring in the
thoracodorsal nerve region [13]. Treatment
often involves targeting the DRG of the spinal
nerve, which plays a crucial role in transmitting
and processing sensory signals related to neu-
ropathic pain. The distinct tissue and anatomi-
cal structure of the DRG make it accessible and
susceptible to external physical and chemical
influences [10, 14, 15].
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Radiofrequency Parameters

Currently, there is no standardized approach to
pulsed radiofrequency parameters. Researchers
have studied the impact of various radiofre-
quency voltages and time durations on the
efficacy of pulsed radiofrequency treatment. For
example, a randomized controlled study com-
pared three groups of patients with PHN who
received thoracic DRG pulsed radiofrequency at
different voltages (45, 55, and 65 V). The study
found that pulsed radiofrequency at 65 V pro-
vided better pain relief, improved quality of life,
and increased patient satisfaction 12 months
post surgery [16]. A similar analysis of various
pulsed radiofrequency parameters in acute-
phase ZAP showed that the high-voltage group
(76.50 ± 5.61 V) had lower pain scores,
improved sleep quality, and required less med-
ication compared to the standard-voltage group
(47.73 ± 2.45 V) [17].

Disease duration is a known risk factor for
treatment outcome. One study retrospectively
observed 64 patients with subacute stage ZAP
and PHN who underwent high-voltage, long-
duration pulsed radiofrequency treatment. The
results showed that pain was significantly
reduced in all patients after treatment, but
those in the subacute group had better pain
relief than those in the PHN group at 1, 3, and
6 months postoperatively. The success rate of
pulsed radiofrequency in the subacute group
was significantly higher than in the PHN group
(81.3% vs. 56.3%, P = 0.031) [18]. Another ret-
rospective study with a sample size of 81 indi-
viduals indicated that application of high-
voltage, long-duration pulsed radiofrequency
therapy effectively treated acute ZAP and pro-
duces better outcomes when applied repeatedly
[19].

Additionally, Han et al. found that patients
in the 65 V group had significantly more areas
of skin numbness on postoperative day 3 com-
pared to the other two groups (both P\0.05),
but this difference was no longer statistically
significant on postoperative day 30 [16].
Increasing the voltage to a certain level may
cause pain and immediate discomfort, includ-
ing tachycardia and hypertension [20]. Fur-
thermore, patients with cardiac insufficiency

and hypertension are at a higher potential
therapeutic risk. Studies often exclude partici-
pants with severe cardiorespiratory insuffi-
ciency, which may explain the low incidence of
reported treatment-related complications. In
the clinical setting, when dealing with patients
in poor physical condition, treatment regimens
should be cautiously selected and risk factors
carefully evaluated.

In summary, increasing voltage and duration
have been found to effectively manage pain in
patients with ZAP, especially when the duration
of the disease is shorter [18, 19]. However,
higher voltages may increase discomfort and
sensory numbness. Adjusting the radiofre-
quency voltage based on patient feedback dur-
ing treatment may help balance efficacy and
treatment-related discomfort.

Radiofrequency Mode

Radiofrequency thermocoagulation has been
proposed as a viable treatment option for
patients with PHN [21]. Although spinal nerve
radiofrequency thermocoagulation has been
controversial because of its potential nerve
damage, it may offer a more effective long-term
pain management solution for patients with
refractory PHN who have not responded well to
other interventions [22, 23].

In a retrospective comparison study by Luo
et al., radiofrequency thermocoagulation
(95 �C, 45 V, 240 s) was compared to standard
pulsed radiofrequency for treating ZAP [24]. The
results showed that radiofrequency thermoco-
agulation had a significantly lower short-term
recurrence rate (14.93%) within 3 months
compared to standard pulsed radiofrequency
(37.31%). This indicates that radiofrequency
thermocoagulation has the potential to provide
superior pain relief. Another study by Zhang
et al. followed patients who received radiofre-
quency thermocoagulation therapy for PHN for
up to 10 years [25]. The study concluded that
this therapy was safe and effective, with a 1-year
recurrence rate of 22.2% and an overall recur-
rence rate of 47.9% at 10 years. The main
complications reported were intraoperative
pain sensation (71.9%) and postoperative
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numbness (89%). Additionally, abdominal dis-
tension was observed in 18.4% of cases. How-
ever, these postoperative complications
decreased over time. The duration of the dis-
ease, type of radiofrequency electrode, pain
level, and complication status were found to be
associated with the recurrence rate.

In a retrospective study by Zhu et al., the
effectiveness of bipolar radiofrequency ther-
mocoagulation (95 �C, 45 V, 300 s) of the pos-
terior spinal nerve root in treating PHN was
observed [26]. The study found that after 2 years
of treatment, 94.7% of patients in the bipolar
radiofrequency group achieved pain relief of up
to 75%, compared to 53.3% of patients in the
monopolar radiofrequency group. The study
suggests that bipolar radiofrequency thermoco-
agulation with 5-mm spacing should be used to
achieve a higher success rate and longer-lasting
effectiveness. It should be noted that two com-
plications, numbness of skin segments and
abdominal distension, were more common in
the first 3 months post treatment and decreased
to approximately 30% at 2 years in the unipolar
radiofrequency thermocoagulation group.
However, 68.4% of patients in the bipolar
radiofrequency thermocoagulation group still
experienced sensory numbness after 2 years,
likely due to the higher degree of spinal nerve
destruction caused by bipolar radiofrequency
thermocoagulation.

In conclusion, spinal nerve radiofrequency
thermocoagulation is an effective alternative
intervention for patients with prolonged PHN
who are willing to accept the potential com-
plications associated with the treatment. Lower
temperature radiofrequency thermocoagulation
of the semilunar nodes has been shown to
provide satisfactory pain relief with fewer and
milder postprocedural complications compared
to higher temperature radiofrequency thermo-
coagulation [27]. However, further research is
needed to evaluate the relationship between
temperature, efficacy, and complications in
spinal nerve radiofrequency thermocoagulation
for PHN.

Radiofrequency Targets

Intercostal Nerve Radiofrequency
For patients with thoracic ZAP, researchers have
studied the effectiveness and safety of using
radiofrequency therapy on the intercostal
nerves at the angulus costae guided by ultra-
sound, CT, and X-ray as an additional treatment
option alongside DRG. This treatment modu-
lates the entire intercostal nerve axis, covering
the affected dermatomes in the paravertebral
and anterior thoracic regions. The nerves at the
angulus costae extend to the lower edge of the
rib cage, while the vascular system is found in
the intercostal groove. During radiofrequency
treatment, the vasculature in the angulus costae
is not compromised unless there are anatomical
variations. Compared to the DRG, the nerve at
the angulus costae is more superficial, making
the puncture path shorter and enabling identi-
fication through ultrasound guidance, resulting
in a safer and simpler procedure.

In randomized controlled trials with follow-
up periods ranging from 6 to 12 months, Ma
et al. [28] and Makharita et al. [29] investigated
the effectiveness and safety of using the inter-
costal nerve at the angulus costae as a puncture
site for treating thoracic PHN. Their studies
demonstrated that pulsed radiofrequency treat-
ment of the intercostal nerves at the angulus
costae significantly relieved pain and improved
the quality of life in patients with PHN com-
pared to the sham-operated group. There were
no apparent signs of pneumothorax, bleeding,
infection, or other serious side effects.

A retrospective study by Huang et al. com-
pared the effectiveness of thoracic DRG with
intercostal nerve pulsed radiofrequency for PHN
in elderly patients [30]. The results showed sig-
nificantly lower pain scores and improved
quality of life in both groups during a 12-week
follow-up period. However, patients receiving
thoracic DRG pulsed radiofrequency treatment
had lower pain scores compared to those
receiving intercostal nerve pulsed radiofre-
quency treatment from 2 weeks post treatment
until week 12. The SF-36 scores, which assess
emotional, psychological, and social aspects,
were also higher in the DRG pulsed
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radiofrequency group compared to the inter-
costal nerve pulsed radiofrequency group.

In summary, existing studies show that the
intercostal nerve at the thoracic level is an
effective target for radiofrequency therapy in
patients with thoracic PHN. It offers a high
puncture success rate and safety when per-
formed under ultrasound guidance. However, in
terms of efficacy for pain relief, the short-term
and long-term efficacy of pulsed radiofrequency
in the intercostal nerve at the angulus costae is
not as good as that in the DRG. The choice
between the two therapeutic targets should
consider the patient’s general condition, pain
location, treatment conditions, and the practi-
tioner’s familiarity with the procedure.

Extracranial Nerve Radiofrequency
Around 13.6% of patients with HZ experience
cranial nerve involvement [13]. The Gasserian
ganglion, located in Meckel’s cavity at the base
of the middle cranial fossa, gives rise to the
ophthalmic, maxillary, and mandibular bran-
ches that exit the skull through the supraorbital
fissure, foramen rotundum, and foramen ovale,
respectively. However, treating the Gasserian
ganglion with radiofrequency carries the risk of
complications such as ptosis, corneal ulcera-
tion, ocular damage, vision loss, intracranial
hemorrhage, and infection [31, 32]. To investi-
gate the effectiveness of ZAP treatment with
lower risk, researchers have explored safer
extracranial nerve radiofrequency targets gui-
ded by CT, and ultrasound.

Previous studies suggest that extracranial
pulsed radiofrequency treatment of the
supraorbital, infraorbital, and chin nerves is
slightly less effective than Gasserian ganglion
treatment for trigeminal postherpetic neuralgia
(TPHN), with overall efficacy rates of 68.9% and
86.7%, respectively, at 1 year [33]. In a study by
Li et al., high-voltage, long-duration (65 V,
900 s, T\50 �C) supraorbital nerve pulsed
radiofrequency was evaluated for ophthalmic
herpetic neuralgia (OHN) with a 6-month fol-
low-up [34]. The effective rate of high-voltage
pulsed radiofrequency for the supraorbital
nerve was 84.62%, compared to 53.84% for
standard pulsed radiofrequency (45 V, 900 s,
42 �C). No serious complications were reported.

Some researchers have also applied radiofre-
quency thermocoagulation to the supraorbital
nerve in patients with OHN, resulting in a sig-
nificant decrease in pain levels within 1 year
[31]. However, some patients experienced tem-
porary numbness in the supraorbital innerva-
tion area, which resolved over time. These
findings are consistent with the efficacy of high-
voltage, long-duration pulsed radiofrequency
and radiofrequency thermocoagulation in
spinal nerves, suggesting that extracranial high-
voltage, long-duration pulsed radiofrequency
and radiofrequency thermocoagulation may be
safe and effective treatments for TPHN. How-
ever, the occurrence and impact of post-treat-
ment numbness should be further explored.

Additionally, initial research has been con-
ducted on the use of the stellate ganglion (SG)
as a target for radiofrequency therapy in the
treatment of PHN affecting the face and upper
extremities. A study by Ding et al. evaluated the
effectiveness of pulsed radiofrequency on the
SG in patients with facial or upper extremity
PHN, showing better pain relief, improved
quality of life, and a lower incidence of com-
plications and side effects (Horner’s syndrome)
compared to SG block [35].

For patients with persistent cephalofacial
PHN involving the great auricular nerve, pulsed
radiofrequency treatment has been reported to
provide over 50% pain relief with no severe
complications [36, 37].

Combined Treatment

Combining treatments with diverse targeting
mechanisms is believed to result in a more
effective therapeutic response for ZAP. For
example, combinations such as DRG pulsed
radiofrequency with steroids, ozone, local
anesthetics or recombinant human interferon-
a2b, as well as pulsed radiofrequency combined
with continuous radiofrequency or heat
acupuncture are applied for ZAP [38–46].
Numerous clinical studies have focused on the
combination of pulsed radiofrequency and
ozone, consistently demonstrating the safety
and effectiveness of this treatment modality
[40–43]. It provides both short-term and long-
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term analgesia without significant complica-
tions. Moreover, it is effective for all stages of
ZAP, with better efficacy observed when applied
early. However, combination therapy takes
various forms, and the safety, efficacy, econ-
omy, and convenience of these combined
treatment programs still require testing in clin-
ical practice.

DISCUSSION

ZAP is a challenging condition because of its
painful nature and the high incidence of PHN,
which significantly impacts quality of life.
Radiofrequency therapy has emerged as an
effective method for pain control in ZAP, but
further exploration is needed.

The primary objective of this review is to
enhance readers’ understanding of the
advancements in radiofrequency treatment for
ZAP and facilitate their effective and safe uti-
lization of radiofrequency technology in ZAP
treatment.

Our analysis suggests that increasing voltage
and duration can enhance pain alleviation and
prolong the efficacy of pulsed radiofrequency
treatment. Additionally, the use of radiofre-
quency therapy in combination with multiple
targeting mechanisms is gaining momentum,
supported by previous studies demonstrating
effectiveness. Since pulsed radiofrequency
treatments are nondestructive, they can be
applied regardless of the affected position or
severity of the disease.

Several risk factors have been reported to
affect the prognosis of ZAP, including older age,
immunosuppression, greater acute pain inten-
sity, affected position, greater extent of rash,
and longer duration of prodromal pain [47–49].
They can be used to assess patients and identify
those at high risk of poor prognosis.

Most patients in the acute/subacute phase
typically experience satisfactory outcomes with
standard pulsed radiofrequency therapy. How-
ever, for patients who are identified as having a
higher risk of poor prognosis and show inade-
quate response to standard treatment, alterna-
tive options such as high-voltage, long-duration
pulsed radiofrequency or combined therapy

may be considered more favorable. The aim is to
alleviate ZAP, expedite recovery, reduce the
incidence of PHN, and ultimately enhance the
patients’ quality of life.

When refractory PHN develops and is unre-
sponsive to nondestructive interventions,
radiofrequency thermocoagulation provides
better pain control. However, the occurrence of
post-treatment numbness continues to be a
challenge, and measures to decrease its fre-
quency and intensity are necessary. The safety
concerns stemming from pain and discomfort
during surgery can be mitigated through real-
time monitoring and symptomatic manage-
ment. Nevertheless, additional research is
required to establish a more suitable intraoper-
ative analgesic regimen. On the basis of current
research evidence, we believe that the advan-
tages of employing higher temperature
radiofrequency thermocoagulation in elderly
patients with refractory PHN outweigh the dis-
advantages. This approach effectively alleviates
pain symptoms and disrupts the vicious circle of
pain and debilitation. On the other hand, lower
temperature radiofrequency thermocoagulation
may offer the benefit of reduced postprocedural
complications and may be prioritized for
patients with PHN who prioritize quality of life.
Additionally, it should be noted that radiofre-
quency thermocoagulation is not suitable for
patients with PHN whose nerves have obvious
motor function involvement.

Compared to the DRG and the trigeminal
semilunar node, targeting the intercostal nerve
at the angulus costae and utilizing extracranial
nerve radiofrequency therapy offer advantages
in terms of safety and efficacy. This approach
may be particularly beneficial for patients with
ZAP who are at a higher risk of difficult punc-
ture paths, compromised systemic conditions,
or lack visual guidance through CT or X-ray.

Nevertheless, further high-quality research
and clinical practice are necessary to confirm
these findings. It is essential to explore more
efficient treatment protocols, examine the
influence of various radiofrequency parameters
on therapeutic outcomes and complications,
and devise strategies to mitigate radiofrequency
treatment-related complications.
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CONCLUSION

ZAP is a challenging neuropathic pain condi-
tion. The application of radiofrequency therapy
in ZAP has expanded treatment options thanks
to ongoing research on radiofrequency param-
eters, modes, targets, and combination thera-
pies, resulting in improved efficacy. Our focus is
on enhancing treatment effectiveness, ensuring
safety, and reducing complications. Selecting
appropriate radiofrequency modes, parameters,
and targets based on patient condition is cru-
cial. Knowledge of potential complications and
their management is important. The studies
cited here are primarily single-center studies
with limited sample sizes, highlighting the need
for more high-quality research and systematic
reviews in the future.
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