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ABSTRACT

Introduction: Postherpetic neuralgia (PHN) is a
painful condition that persists for 1 month or
more after herpes zoster rash has healed.
Radiofrequency thermocoagulation (RF-TC)
provides analgesia by destroying the dorsal root
ganglion and blocking the pain upload path-
way; nonetheless, the concomitant neurologi-
cal-related side effects and recurrence remain a
concern.
Methods: In this study, 228 patients with PHN
in the thoracic segment treated with RF-TC of
the dorsal root ganglion of the spinal nerve
were included, and were followed up regularly
after surgery. The numerical rating scale (NRS)
scores, time to recurrence, and intraoperative
and postoperative adverse events were recorded
and analyzed. The Kaplan–Meier method was
used to plot survival curves and calculate the
cumulative effective rate and recurrence rate.
Cox regression analyses were performed to
identify factors associated with postoperative

recurrence. Predictive models were built to
assess the value of applications.
Results: The NRS scores decreased in all post-
operative periods compared with preoperative
ones. At 10-year-follow-up, recurrence was
observed in 34.6% (79/228) of patients that
underwent PHN. The main postoperative com-
plications were numbness and reduced abdom-
inal muscle strength, which gradually decreased
with time, while the abdominal muscle strength
gradually recovered. No other adverse events
occurred. Interval-censored multivariable Cox
regression analysis demonstrated that disease
course, complications, pain grade, and type of
RF electrode were associated with a significantly
higher risk of relapse. The main intraoperative
adverse effect was a transient increase in pain
during RF-TC.
Conclusion: CT-guided RF-TC of the dorsal root
ganglion of the spinal nerve for PHN is a rela-
tively safe and effective surgical option. Disease
course, type of RF electrode, complications, and
pain grade are risk factors for postoperative
recurrence and can assist in clinical decision-
making before the RF-CT procedure.
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Key Summary Points

Postherpetic neuralgia (PHN) is the most
common and severe complication of
herpes zoster. The existing treatments are
difficult to cure.

Radiofrequency thermocoagulation (RF-
TC) provides analgesia by destroying the
dorsal root ganglion and blocking the
pain upload pathway; nonetheless, the
concomitant neurological-related side
effects and recurrence remain a concern.

With long-term follow-up, we observed
that mean postprocedural NRS scores were
lower than those at the preprocedural
stage. No other complications were found
except for numbness and abdominal
bulging. Cox regression analysis
demonstrated that disease course,
complications, pain grade, and type of RF
electrode were associated with a
significantly higher risk of relapse.

In our opinion, CT-guided RF-TC of the
dorsal root ganglion for PHN is a relatively
safe and effective surgical option. If
patients are willing to accept pain relief at
the cost of numbness, RF-TC of the dorsal
root ganglion should be considered.

INTRODUCTION

Herpes zoster (HZ) is caused by reactivation of
varicella-zoster virus (VZV), which is latent and
persists in the dorsal root ganglion (DRG) and
cranial ganglia after the initial infection [1].
When the patient’s immune function decreases,
the latent VZV may start replicating again, and
the reactivation of the virus leads to inflam-
mation and necrosis in one or more affected
ganglia[2]. The global annual incidence of HZ
reportedly ranges from 3 to 5 per 1000 people,
and its incidence increases dramatically after
the age of 50 [3]. Current evidence suggests that

5–30% of patients with herpes zoster develop
postherpetic neuralgia (PHN) [4].

PHN is pain that persists for 1 month or
more after the herpes zoster rash has healed,
and is the most common complication of her-
pes zoster [5]. Similar to herpes zoster, PHN is
age-dependent. PHN occurs predominantly in
the chest and abdomen and can account for
50–70% of cases [6]. The main pain features of
PHN are persistent, spontaneous or paroxysmal
burning pain and abnormal sensory hypersen-
sitivity pain, with the majority of patients with
PHN experiencing moderate pain or above.
Persistent herpes zoster-related pain is the most
common complication of PHN, with nearly half
of patients experiencing pain lasting longer
than 1 year, while some patients have pain
lasting more than 10 years [7]. Long-term pain
leads to sleep and daily life disorders, seriously
affecting patients’ quality of life [8].

Currently, the main treatments for PHN
include pharmacological (NSAIDs, gabapentin,
pregabalin, opioids, etc.) and interventional
(subcutaneous botulinum injections, nerve
blocks, nerve radiofrequency, and nerve stimu-
lation) methods [9–11]. These treatment strate-
gies are often not always effective, and with side
effects and risks, with up to 50% of patients
with PHN exhibiting recurrent episodes that are
difficult to manage [12]. Spinal nerve DRG
radiofrequency is considered an effective inter-
vention for the treatment of PHN, given its low
invasiveness, good accuracy, reproducible
operation, low recurrence rate, high effective-
ness, and safety and reliability [13, 14].
Although pulsed radiofrequency (PRF) has been
shown to yield definite analgesic efficacy in
treating herpes zoster-associated pain, some
patients have insignificant pain relief and a
high short-term recurrence rate after treatment,
and often require additional pain relief treat-
ment [15–17]. Radiofrequency thermocoagula-
tion (RF-TC) enables the destruction of the DRG
with significant pain relief and high efficiency
[18, 19]. Therefore, for patients with PHN, RF-
TC may become a effective percutaneous mini-
mally invasive surgical modality to relieve the
pain, reduce the recurrence rate, improve sleep,
and enhance the quality of life.
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In this study, we retrospectively analyzed a
large cohort of patients with thoracic PHN who
underwent RF-TC and were followed up for a
long period. The main objective of this study
was to investigate the treatment effects of RF-
TC, including preoperative and postoperative
pain scores, cumulative efficiency, recurrence
rates, and adverse events. In addition, we
explored factors influencing postoperative
recurrence following RF-TC using the Cox pro-
portional risk model, predicted the probability
of recurrence using nomogram plots in R lan-
guage, and plotted calibration curves to evalu-
ate the consistency of the Cox analytical model.

METHODS

Subjects and Ethics

This study was performed in accordance with
the Good Clinical Practice guidelines and the
principles of the Declaration of Helsinki of 1964
and its subsequent revisions. The study was
approved by the Ethics Committee of Jiaxing
University Hospital (LS2021-KY-375). A retro-
spective analysis of 228 patients with PHN in
the thoracic segment who underwent RF-TC of
the DRG in the Affiliated Hospital of Jiaxing
University from January 2012 to August 2021
was performed. All data are derived from the
clinical database of our hospital, and the speci-
fic researchers conduct regular follow-up of
patients and improved the database, with the
last follow-up date being October 31, 2021. In
addition, the follow-up was conducted as part of
the original collection of data, and not part of
this current study.

Inclusion Criteria and Exclusion Criteria

The inclusion criteria were as follows: (1) pre-
operative numerical rating scale score (NRSs)
C 5; (2) lesions located in the T2-T12 innerva-
tion area; (3) diagnostic criteria for PHN were
met[5]; and (4) patients who failed conven-
tional conservative pharmacological treatment
or neuromodulation. The exclusion criteria
consisted of: (1) previous treatment related to

nerve destruction; (2) patients with psychiatric
or psychological disorders who were unable or
found it difficult to continue clinical assess-
ment; (3) a combination of other types of acute
and chronic pain; and (4) incomplete or missing
patient information. The detailed process of
patient inclusion is shown in Fig. 1.

Surgical Operation

Patients were placed in the prone position with
soft pillows under the chest (or abdomen). Each
patient received oxygen through a nasal cannula,
and vital signs, such as blood pressure, heart rate,
and oxygen saturation, were continuously
monitored. The target nerve and the body surface
location of the puncture site were positioned
according to the site of their lesion and the nerve
segment involved. The skin was then disinfected
with iodophor, and local infiltration anesthesia
was performed with 1% lidocaine. A 22G punc-
ture needle was inserted into the upper 1/3 of the
corresponding intervertebral foramen under CT
guidance (Fig. 2A), and the tip of the puncture
needle was reconfirmed to be located in the
intervertebral foramen under CT 3D reconstruc-
tion (Fig. 2B). The needle core was then with-
drawn, and a matching electrode was inserted
along the trocar. The tip position was repeatedly
adjusted until tissue resistance around the test
electrode tip ranged from 250 to 550 X.

Sensory and motor tests were performed after
confirming the absence of blood or gas.
Parameters for sensory testing were set at a
voltage of 0.5 V and a frequency of 100 Hz;
sensory testing was considered positive if it
caused soreness, numbness, or tingling in the
skin tissue of the corresponding segment. The
motor test was performed using a low-frequency
current, with parameters set to a voltage of
0.5 V and a frequency of 2 Hz; the motor test
was considered positive if the corresponding
segment showed trunk muscle fiber fibrillation
and pulsation. When the needle was confirmed
to be close to the target nerve, local anesthesia
was administered, using approximately 1 mL of
2% lidocaine, followed by the RF procedure.
The temperature was set to 95 �C for 120 s, and
RF-TC was conducted for 2 cycles [20].
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According to the lesion site, we usually selected
three related segments for RF-TC. After RF-TC
was completed and the needle was removed, a
sterile patch was applied. All patients were
observed in the treatment room for 20 min to
ensure stable vital signs and no significant dis-
comfort before being sent back to the ward.

Efficacy Evaluation

The numerical rating scale (NRS) was used to
evaluate the patients’ pain level by drawing a

10-cm horizontal line on the paper, with 0 at
one end of the horizontal line indicating no
pain and 10 at the other end indicating intol-
erable pain; the middle part indicated different
degrees of pain. Patients were instructed to draw
a mark on the horizontal line to indicate the
degree of pain. The numerical rating scale scores
(NRSs) criteria were as follows: 0, no pain
symptoms; 1–3, mild pain, not affecting daily
activities; 4–6, moderate pain, affecting daily
rest during episodes; 7–10, severe pain, neces-
sitating bed rest during episodes. The clinical
database manager of our hospital arranged for

Fig. 1 Flowchart depicting the detailed process of patient enrollment
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specialist researchers to follow-up the dis-
charged patients regularly (once every
3 months). The NRSs of patients before surgery
and at the last postoperative follow-up, dura-
tion of adverse events were observed and
recorded. Postoperative pain relief of C 50%
preoperatively was defined as effective. Postop-
erative recurrence of pain at the primary site
and NRSs C preoperative values were defined as
recurrence. The follow-up was ended w hen the
patient relapsed.

Patients were divided into ten time periods
according to the duration of postoperative fol-
low-up: T1, within 1 year after surgery; T2,
between 1 and 2 years after surgery; T3, between
2 and 3 years after surgery; T4, between 3 and
4 years after surgery; T5, between 4 and 5 years
after surgery, T6, between 5 and 6 years after
surgery; T7, between 6 and 7 years after surgery;
T8, between 7 and 8 years after surgery; T9,
between 8 and 9 years after surgery; and T10,
between 9 and 10 years after surgery. The
annual cumulative effictive rate, cumulative
relapse rate, and median time to relapse within
10 years after RF-TC was calculated in years.

Analysis of Recurrence Factors

Clinical characteristics were collected for ten
variables, including patient age, gender, body
mass index (BMI), lesion segment, lesion side,
disease course, type of RF electrode, complica-
tions, treatment history, and pain grade, and all
variables were adjusted as categorical variables.
The primary endpoint was defined as the time
from surgery to recurrence or death or last fol-
low-up. A positive outcome was defined as
recurrence, and the rest were considered a neg-
ative outcome. The time to recurrence was
recorded for all recurrent patients.

Statistical Analysis

SPSS 23.0 (IBM, Chicago, USA) was used to
analyze the data. The Shapiro–Wilk test was
used to determine whether the measured data
had a normal distribution. Normally distributed
data were expressed as mean ± standard devia-
tion, the counting data were expressed by the
number of cases (%), and non-parametric data
were expressed as median (interquartil). Paired
t tests were used for pre-treatment and post-
treatment comparisons, and repeated data were

Fig. 2 The radiofrequency puncture needle guided by CT is punctured to the rear of 1/3 on the intervertebral foramen (A);
the puncture needle located in the intervertebral foramen under the three-dimensional reconstruction of CT (B)
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analyzed using repeated-measures ANOVA. A
P value\ 0.05 was statistically significant.

Survival curves were plotted using the
Kaplan–Meier method, log-rank tests were per-
formed to compare the non-recurrence rate
between patient subgroups, and cumulative
efficiency and cumulative recurrence rates were
calculated. After adjusting for related con-
founders, the interval-censored multivariable
Cox regression analyses were performed to
identify independent factors associated with
postoperative recurrence. To minimize the
inclusion of significant independent variables
in the regression model, the adjusted signifi-
cance level was set to 0.20. The screened inde-
pendent variables with significant differences
were included in the interval-truncated multi-
variate Cox regression to remove covariance
between independent variables, then we adjus-
ted for all confounders in the model. Risk ratios
(HR) and 95% confidence intervals (CI) were
calculated for each variable, and differences
were considered statistically significant at
P\ 0.05. Time-independent receiver operating
characteristic (ROC) curves were used to assess
the overall variance of the models, and AUC was
calculated to predict the value of the models.
An AUC greater than 0.7 suggested good pre-
diction ability of the model. Based on the
results of the multivariate analysis, nomogram
plots were plotted using R software packages
(v.3.6) to predict the probability of recurrence,
and calibration curves were plotted to evaluate
the consistency of the models. The R packages
used included survival, survminer, rms, foreign,
rmda, survROC, and riskRegression.

RESULTS

Baseline Information

According to the inclusion and exclusion crite-
ria, 228 patients diagnosed with PHN from 2012
to 2021 were included in the analysis. The mean
follow-up time was 29.77 ± 26.55 months. The
recurrence rate was 34.6% (79/228). The basic
statistics of the numerical and categorical vari-
ables are shown in Table 1. It is worth men-
tioning that the baseline data do not include

the recurrence rate and cumulative response
rate.

Efficacy Analysis

Immediate postoperative pain was significantly
relieved in all patients. As shown in Table 2, we

Table 1 Baseline characteristics (preoperative) of the
numerical variables [mean ± SD or n (%) or median
(IQR)]

Variable Negative
(n = 149)

Positive
(n = 79)

Age, years 70.88 ± 9.17 71.92 ± 8.64

BMI, kg/m2 23.16 ± 2.87 22.84 ± 2.52

Course of disease,

months

3 (2–8) 8 (3–36)

NRSs 6 (5–6) 6 (6–7)

Gender

Female 63 (42.3) 39 (49.4)

Male 86 (57.7) 40 (50.6)

Lesion side

Left 69 (46.3) 34 (43.0)

Right 80 (53.7) 45 (57.0)

Type of RF electrode

Monopole 125 (83.9) 78 (98.7)

Bipolar 24 (16.1) 1 (1.3)

Lesion segment

Chest and back 104 (69.8) 59 (74.7)

Waist and abdomen 45 (30.2) 20 (25.3)

Complications

Yes 88 (59.1) 60 (75.9)

No 61 (40.9) 19 (24.1)

Treatment history

Medication 115 (77.2) 69 (87.3)

Neuromodulation 34 (22.8) 10 (12.7)

BMI Body mass index, NRSs numerical rating scale scores
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compared the NRSs of patients with PHN before
and after RF-TC treatment from T1 to T10.
Excepting T10, the NRSs in other periods sig-
nificantly decreased after surgery (P\0.05).
After surgery, patients with the cumulative
effective rates, the cumulative relapse rates, and
the median relapse time are shown in Table 3.
The main intraoperative adverse effect was
increased pain during RF-TC, significantly
relieved after low-dose sedation or analgesia.
The main postoperative complications were
skin numbness and abdominal muscle weakness
in the area of radiofrequency innervation. Skin
numbness was mild and gradually decreased or
even disappeared. All patients recovered
abdominal muscle strength within 1 year. No
other adverse events occurred (Table 4).

Kaplan–Meier Survival Analysis

Kaplan–Meier survival analysis was performed
according to patients’ 10 relational variables.
The results showed that the disease course was

significantly associated with recurrence
(Fig. 3A). Recurrence was significantly lower in
patients treated with bipolar radiofrequency
needles than monopolar (Fig. 3B). Patients with
complications exhibited a higher postoperative
recurrence rate than patients without underly-
ing preoperative complications (Fig. 3C). There
was also a significant difference in the time to
recurrence between different pain grades, while
patients with severe preoperative pain experi-
enced a higher recurrence rate than those with
moderate pain (Fig. 3D).

Table 2 The NRS score of the patient at the preoperative
and postoperative in each time period (mean ± SD)

Time n Preoperative Postoperative p value

T1 42 5.90 ± 0.69 2.86 ± 2.08 \ 0.001

T2 41 6.15 ± 0.79 3.49 ± 2.55 \ 0.001

T3 39 5.85 ± 0.67 3.36 ± 2.42 \ 0.001

T4 29 5.69 ± 0.71 3.28 ± 1.93 \ 0.001

T5 21 5.95 ± 0.67 3.67 ± 2.31 \ 0.001

T6 23 5.91 ± 0.67 3.30 ± 2.06 \ 0.001

T7 10 6.00 ± 0.94 3.50 ± 2.95 0.008

T8 11 6.00 ± 0.89 4.18 ± 2.44 0.008

T9 8 5.88 ± 0.64 3.75 ± 2.96 0.049

T10 4 6.00 ± 0.82 4.25 ± 2.63 0.188

T1 within 1 year after surgery, T2 between 1 and 2 years
after surgery, T3 between 2 and 3 years after surgery, T4
between 3 and 4 years after surgery, T5 between 4 and
5 years after surgery, T6 between 5 and 6 years after sur-
gery, T7 between 6 and 7 years after surgery, T8 between 7
and 8 years after surgery, T9 between 8 and 9 years after
surgery, T10 between 9 and 10 years after surgery

Table 3 Cumulative effictive rate, cumulative relapse rate,
and median time to relapse after radiofrequency
thermocoagulation

Time Cumulative
effective rate
(%)

Cumulative
relapse rate
(%)

Median time
to relapse
(months)

Within

1 year

75.6 22.2 5

Within

2 years

63.3 32.6 13

Within

3 years

55.8 36.6 19

Within

4 years

44.6 42.0 28

Within

5 years

42.1 44.6 29

Within

6 years

37.6 47.9 33

Within

7 years

37.6 47.9 36

Within

8 years

37.6 47.9 37

Within

9 years

37.6 47.9 38

Within

10 years

37.6 47.9 38
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Cox Proportional Risk Regression Analysis
of Recurrence Factors

We performed univariate and multifactorial
Cox proportional risk regression analyses for
PHN patients treated with RF-TC to identify
independent risk factors for postoperative
recurrence rates (Table 5). Interval-censored
Cox analysis showed a significant correlation
between disease course, type of RF electrode,
complications, pain grade, and the primary
outcome. Disease course (unadjusted HR, 2.389;
95% CI 1.484–3.845 and adjusted HR, 2.086;
95% CI 1.277–3.409), complications (unad-
justed HR, 2.010; 95% CI 1.198–3.372 and
adjusted HR, 1.740; 95% CI 1.015–2.983), and
pain grade (unadjusted HR, 3.188; 95% CI
2.013–5.050 and adjusted HR, 2.724; 95% CI
1.654–4.485) were positively correlated with
recurrence. In addition, the unadjusted and
adjusted HR (95% CI) with type of RF electrode
were 0.200 (0.063–0.633) and 0.258
(0.080–0.831), respectively. During multivariate
COX regression analysis, four variables (disease
course, type of RF electrode, complications, and
pain grade) were identified as independent
prognostic factors for recurrence.

Predictive Model Evaluation

According to the area under the curve (AUC) of
a 10-year overall recurrence prediction model,

this indicated that the risk model had good
sensitivity and specificity in predicting survival
risk (Fig. 4). Based on multivariate COX regres-
sion analysis coefficients, the recurrence rate of
PHN patients after RF was predicted at 1, 3, 5,
and 8 years using a nomogram (Fig. 5). Each
variable included in the model was assigned a
score by locating it to the point scale. Then, the
total score obtained by the addition of every risk
factor in the vertical line corresponds to the
predicted recurrence rate. The calibration curves
showed good consistency between the predic-
tions and the actual observations (Fig. 6).

DISCUSSION

VZV is a human neurotropic alpha-herpesvirus.
It is well-established that viral particles enter
the terminals of sensory neurons in the
peripheral nervous system and then travel ret-
rograde along axons toward the cell body to
reach the cerebral nerve, dorsal root nerve, or
autonomic ganglion cells, where the genome is
deposited into the nucleus to establish lifelong
latency [21]. As patients age or their autoim-
mune function declines, the latent virus is
reactivated, and herpes zoster occurs.

PHN is the most common and severe com-
plication of herpes zoster, manifesting as uni-
lateral neuropathic pain in the skin after the
rash has healed [22]. In recent years, the inci-
dence and prevalence of herpes zoster and PHN

Table 4 Adverse events regarding surgery in all patients at each time point [n (%)]

Adverse events t0 t1 t2 t3 t4 t5
Total number 228 228 228 228 186 146

Intraoperative

The pain intensified 164 (71.9)

Bleeding 7 (3.1)

Nerve injury 0

Postoperative

Abdominal muscle weakness 42 (18.4) 15 (6.6) 0 0 0

Numbness 203 (89.0) 190 (83.3) 111 (54.1) 44 (23.7) 15 (10.3)

t0 intraoperative, t1 lasting 1 day after surgery, t2 lasting 1 month after surgery, t3 lasting 6 months after surgery, t4 lasting
1 year after surgery, t5 lasting 2 years after surgery
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have increased with the aging population. The
mechanism of neuropathic pain caused by PHN
remains largely unclear. Neuroplasticity is
thought to be the basis for developing PHN; the
mechanism may be peripheral, and central
sensitization and abnormal changes in the
excitability of the associated neurons cause a
decrease in the pain threshold and amplifica-
tion of pain signals [23]. PHN is complex in
etiology, long-lasting, challenging to cure, and
very harmful. Current evidence suggests that
RF-TC is a minimally invasive procedure with
huge prospects for treating PHN.

Radiofrequency (RF) [24] neurolysis is a
technique that harnesses the heat generated to
cause tissue and protein destruction, blocking
pain transmission to reduce pain. RF neurolysis
is classified as a minimally invasive

percutaneous procedure for acute pain, chronic
pain, and intractable pain. The two types of RF
techniques currently used are RF-TC and PRF.
RF-TC produces a temperature of 45 �C or
higher by outputting a constant high-frequency
current, resulting in ablative neurothermal
coagulation, where the thermal effect inacti-
vates the sensitive nerve endings caused by the
lesion. In contrast, PRF uses short pulses, but
does not induce heating to the point of tissue
coagulation to produce a transient inhibition of
evoked synaptic activity. PRF is thought to
modulate only the nerve, and therefore causes
little to no nerve damage [25]. Importantly,
both RF-TC and PRF can cause distance-depen-
dent tissue destruction under RF electrode nee-
dle action, but the effect of RF
thermocoagulation is more pronounced. This

Fig. 3 Kaplan–Meier survival plot. For patients with
disease course of 1–3 months versus with more than
3 months (A); for patients with monopolar versus with

bipolar needles (B); for patients with complications versus
with no complications (C); for patients with moderate
versus with severe pain (D)
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Table 5 Factors associated with relapse after radiofrequency thermocoagulation for patients with postherpetic neuralgia

Factors Unadjusted analysis Adjusted analysis

HR (95% CI) p values HR (95% CI) p values

Gender

Female 0.724 (0.465–1.126) 0.151 0.741 (0.466–1.176) 0.203

Male

Age, years

\ 65 1.321 (0.753–2.318) 0.332 1.278 (0.712–2.294) 0.411

C 65

BMI, kg/m2

\ 18.5 Ref Ref

18.5–23.9 1.717 (0.517–5.702) 0.378 1.860 (0.526–6.582) 0.336

C 24 1.344 (0.378–0.226) 0.226 1.046 (0.628–1.741) 0.863

Lesion segment

Chest and back 0.826 (0.497–1.372) 0.461 1.131 (0.658–1.946) 0.655

Waist and abdomen

Lesion side

Left 1.137 (0.727–1.778) 0.574 1.139 (0.717–1.810) 0.580

Right

Course of disease, months

1–3 2.389 (1.484–3.845) \ 0.001 2.086 (1.277–3.409) 0.003

[ 3

Type of RF electrode

Monopole 0.200 (0.063–0.633) 0.006 0.258 (0.080–0.831) 0.023

Bipolar

Complications

No 2.010 (1.198–3.372) 0.008 1.740 (1.015–2.983) 0.044

Yes

Treatment history

Medication 0.710 (0.365–1.382) 0.313 0.836 (0.422–1.658) 0.609

Neuromodulation

Pain grade

Moderate 3.188 (2.013–5.050) \ 0.001 2.724 (1.654–4.485) \ 0.001

Severe

BMI Body mass index
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Fig. 4 Receiver operating characteristic (ROC) curve of a 10-year overall recurrence prediction model in patients with
postherpetic neuralgia after radiofrequency thermocoagulation

Fig. 5 An established nomogram to predict survival based on a Cox model. The total score obtained by the addition of
every risk factor in the vertical line corresponds to the predicted recurrence rate
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finding suggests that RF-TC may produce a
more durable efficacy.

In this study, 228 patients with PHN in the
thoracic segment after RF-TC were followed up
for nearly 10 years (range 2–109 months).
Patients had an immediate postoperative effi-
ciency of 100% and a 1-year efficiency of 75.6%.
The effectiveness rate declined as the postoper-
ative period progressed, but, 10 years after sur-
gery, more than one-third of the patients were
still symptom-free. By comparing the NRSs of
patients at different periods before and after
surgery, it was found that the postoperative
NRSs were lower. However, PHN patients will
use painkillers both before and after surgery. It
is undeniable that the efficacy of RF-TC could be
influenced by the concurrent use of other
analgesics and therapy. We also took this
problem into account when designing the pro-
ject, and followed up the medication and
treatment. However, because the type, dose,
and frequency of analgesic drugs taken by each
patient before and after operation are different,

it is difficult for us to achieve unified data
statistics and description. So we had to abandon
this indicator. Furthermore, we found that
intraoperative transient pain increase caused by
high-temperature stimulation during RF-TC was
the main intraoperative complication. After
administering small doses of sedative and
analgesic drugs or at the end of RF, the severe
pain subsided. This discomfort caused patient
anxiety and fear of a second surgery.

It remains subject to debate whether the
destruction of the DRG of the spinal nerve
causes motor deficits. The DRG is well-recog-
nized as a critical structure in sensory trans-
duction and modulation. The DRG’s anatomical
structure and physiological features make it an
ideal target for neuromodulation, and may
explain the excellent results observed in treat-
ing certain chronic neuropathic pain states [26].
Although RF thermal coagulation causes
diminished sensation or numbness in the skin it
innervates, it does not cause dyskinesia, since its
damaged nerves innervate non-dominant

Fig. 6 Calibration curves of the nomogram for 1-year (A),
3-year (B), 5-year (C), and 8-year (D) relapse-free.
Horizontal coordinate the predicted probability, vertical
coordinate the actual probability, red line the goodness-of-

fit, that is the actual value corresponding to the predicted
value, blue line the 95% confidence interval of the relapse-
free rate
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movements. The present study found that the
main postoperative complication was numb-
ness, which gradually decreased in the number
of people and in the degree over time.

In addition, abdominal bulging is another
major postoperative complication and a sign of
decreased muscle strength, not visible in the
chest due to the strong support of the inter-
costal muscles and ribs, while the abdomen is
only supported by the abdominal muscles. It is
worth mentioning that these side effects are
mild and temporary, and do not cause signifi-
cant inconvenience to the patients in their daily
life. Upon follow-up, patients reported that
these adverse effects were acceptable compared
to the uncomfortable experience of pain.
Therefore, RF-TC for PHN of the thoracic seg-
ment is relatively safe and effective, and pro-
vides a new treatment option for patients with
PHN.

Recurrence is a concerning adverse event for
patients and physicians. Currently, the causes
and mechanisms of neuralgia recurrence after
radiofrequency thermal coagulation of the DRG
are poorly understood, and are widely thought
to be related to functional recovery after dam-
aged nerve repair [27]. A study confirmed that
motor (grip strength) and sensory (touch, pain,
and temperature) functions were restored in rats
after the spinal nerve was damaged and repaired
[28]. None of the existing treatments can lead to
the eradication of PHN. Accordingly, we sought
to develop a new approach for pain relief and
reduction of recurrence rate. Based on previous
studies, we included ten covariates for Cox
univariate and multifactorial analyses, and
found that disease course, type of RF electrode,
complications, and pain grade were associated
with recurrence.

Age was closely related to herpes zoster-as-
sociated pain onset factors, and it has been
reported that the risk of PHN increases every 10
years after the age of 50 [29]. Our findings
showed that age was not associated with recur-
rence, which is inconsistent with our initial
hypothesis. This finding may be related to the
fact that we used 65 years as the threshold for
stratifying patients, making the data unevenly
distributed. It has been found that patients
treated with bipolar RF-TC experience higher

treatment efficiency, more significant pain
relief, and longer maintenance than monopolar
patients after surgery. In the present study, the
recurrence rate of bipolar thermocoagulation
was lower than that of monopolar, since bipolar
RF needle thermocoagulation leads to a more
radical destructive effect reaching a greater
range of tissues, and therefore has a longer-
lasting efficacy [19]. Patients with preoperative
comorbidities such as hypertension, diabetes,
coronary artery disease, or malignancy are more
prone to recurrence than those without
comorbidities [30]. This phenomenon may be
attributed to patients with complications or
comorbidities having a poorer immune func-
tion and, therefore, more susceptible to relapse.

Furthermore, similar to our previous findings
[20], recurrence was 1.724 times more likely in
patients with severe pain (NRSs C 7) than in
those with moderate pain (NRSs 4–6). This
phenomenon may be attributed to the fact that
the corresponding nerve is more severely affec-
ted at the peak of viral replication. Even after
nerve thermal coagulation, the latent virus may
invade the nerve and cause pain again during
nerve repair. Moreover, we found that the dis-
ease course is associated with recurrence, with
recurrence being 1.086 times greater in patients
who had a long course of disease ([3 months)
than a short course of disease (1–3 months). A
study on long-term follow-up regarding the
course of disease and pain grade found that
patients with a disease duration of more than
3 months were more likely to have severe pain
than within 3 months[31].

Limitations of this study include a lack of
randomized controlled trials, and outliers were
not excluded. The stratification based on BMI
and age was relatively simple, and a more
comprehensive stratification approach may lead
to more precise results. The present study was
retrospective, and the follow-up data may be
subject to recall bias. The lack of control, such
as the use of propensity score matching, and the
relatively small sample made the value of the
regression model much weaker than in a larger
cohort study. In addition, all the cases were
from the same center, and a multicenter cohort
needs to be examined in larger trials. Finally,
this model lacked external validation.
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CONCLUSIONS

CT-guided RF-TC of the dorsal root ganglion for
PHN is a relatively safe and effective surgical
option. Disease course, type of RF electrode,
complications, and pain grade are risk factors
for postoperative recurrence, and can assist in
clinical decision-making before the RF-CT pro-
cedure. If patients are willing to accept pain
relief at the cost of numbness and the risk of
recurrence, RF-TC of the dorsal root ganglion
should be considered. Nonetheless, further
studies are warranted to determine the exact
indications and clinical extension of RF-TC in
PHN treatment.
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