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Background: Zoster-associated pain (ZAP) is notoriously difficult to treat.
Pulsed radiofrequency (PRF) and short-term nerve electrical stimulation (st-
NES) have been proven effective treatments for ZAP. However, it is still unclear
which technique provides improved analgesia in ZAP. This study is based on a
large-scale, long-term follow-up to evaluate the efficacy and safety between
st-NES and PRF.

Materials and methods: All eligible ZAP patients treated with st-NES or PRF
in our department were enrolled. Cohorts were divided into the st-NES group
and the PRF group. A 1:1 ratio propensity score matching (PSM) was used to
balance the baseline characteristics. The PS-matched cohort was adopted
to investigate the efficacy and safety of the two treatments. The ordinal
regression analysis was performed to determine the variables affecting the
treatment effect of ZAP.

Results: A total of 226 patients were included after PSM. The numerical rating
scale (NRS) scores in st-NES and PRF groups considerably reduced compared
to baseline levels after treatment. The NRS scores in the st-NES group were
obviously lower than those in the PRF group at discharge, 1, 3, 6, 12, and
24 months. During the follow-up period, the NRS reduction rate remained
higher in the st-NES group than in the PRF group (P < 0.01). The dosage
of medication, Pittsburgh Sleep Quality Index (PSQI) score, and the number
of patients with aggravated pain after discharge in the st-NES group were
significantly less than in the PRF group after treatment.
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Conclusion: Short-term nerve electrical stimulation has been shown to be
more advantageous than PRF for pain relief and quality of life improvement

for ZAP patients.

acute herpetic neuralgia, postherpetic neuralgia, pulsed radiofrequency, subacute
herpetic neuralgia, zoster-associated pain, short-term nerve electrical stimulation

Introduction

Zoster-associated pain (ZAP) is common and difficult to
treat (Forbes et al., 2016). Evidence suggested that 15% to —-45%
of patients with shingles subsequently progress to postherpetic
neuralgia (PHN), especially in those over 60 years of age
(Gershon et al., 2015; Moshayedi et al., 2018; Salvetti et al., 2019;
Zhou . etal, 2021). The generally accepted classification of ZAP
is as follows: (i) acute herpetic neuralgia (AHN) within 30 days
of onset, (ii) subacute herpetic neuralgia (SHN), pain recorded
between 30 and 90 days, (iii) postherpetic neuralgia (PHN),
defined as pain lasting more than 90 days after the presentation
(Whitley et al., 2010).

Currently, the treatment for ZAP is primarily based on
symptom control (van Wijck et al, 2006; Johnson and Rice,
2014). Medications are the most fundamental and principal
management for ZAP, with pregabalin and gabapentin being
the most commonly used first-line therapeutic agents (Finnerup
et al., 2021). However, complete pain relief cannot be achieved
by taking medications, and 20-40% of patients do not respond
to the drugs (Binder and Baron, 2016). Conservative treatments
such as acupuncture and physical therapy combined with
pharmacy have been reported to provide greater pain relief
for ZAP (Fleckenstein et al., 2009; Zhou Q. et al., 2021).
However, these therapeutic effects are still limited and lack
quality supporting evidence. Invasive treatments, including
nerve blocks and neuromodulation, provide alternatives for
ZAP patients who are not satisfied with the results of drugs
and conservative treatments (Makharita and Amr, 2020). It has
been reported that local anesthetics and steroids injections could
alleviate AHN (van Wijck et al., 2006), while the therapeutic
effects of PHN were usually unsatisfactory and disappointing.
Neuromodulations, including PRF and NES, have been rapidly
developed in the management of chronic pain over the past
20 years (Liu et al,, 2020; Knotkova et al.,, 2021). NES includes
st-NES and permanent NES. Although permanent NES can
achieve prolonged analgesia, its application is limited by the
high costs and high incidence of complications (Kumar et al.,
2006; Deer et al., 2014). Hence, st-NES have been increasingly
used for intractable pain including ZAP. Recent reports have
indicated that PRF and st-NES are effective treatments for
ZAP (Johnson and Burchiel, 2004; Yanamoto and Murakawa,

Frontiers in Molecular Neuroscience

02

2012; Dong et al, 2017; Kim et al, 2017; Li et al., 2018;
Makharita et al., 2018; Huang et al., 2020). However, it is still
unclear which technique provides improved analgesia in ZAP.
Previously published studies comparing the efficacy of st-NES
and PRF for ZAP are inconsistent (Liu et al., 2020; Song, 2021;
Sheng et al., 2022).

Therefore, we compared st-NES with PRF in the
effectiveness of treatment for ZAP through PSM and
investigated the factors that influenced the therapeutic
effects of ZAP. We have further explored the efficacy of these
two treatments in comparison to each other in terms of disease
course and location. NRS score and the NRS reduction rate were
selected as the primary endpoints. The secondary endpoints
included medication consumption, PSQI score, the aggravation
of pain, and side effects.

Materials and methods

Study design

This retrospective study was approved by the Ethics
Committee of the Shandong Provincial Hospital. Inclusion
criteria were as follows: (1) the patients clinical data was
integrity, (2) ZAP with a precise diagnosis, (3) pre-operative
NRS > 4, (4) resistance to pharmacological treatment or
intolerable side effects of drugs, and (5) stimulation treatment
for 7-10 days. Exclusion criteria were as follows: (1) companies
with other chronic pain in the same site with ZAP, (2) invasive
treatment for ZAP within 2 weeks before this admission, (3)
stimulation treatment for less than 7 days, and (4) patients
with lost follow-up.

Study population

As shown in Figure 1, Between January 2019 and September
2021, 360 consecutive patients with ZAP were hospitalized in
our department receiving PRF or st-NES. A total of 254 patients
were ultimately enrolled in the current study (st-NES group,
n =130 and PRF group, n = 124). The following were excluded
from the study: lost to follow-up (n = 63), accepting invasive
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FIGURE 1
Study design and procedure.

treatment within 2 weeks before admission (n = 12), baseline
NRS < 4 (n = 26), and died of malignant tumors (n = 1)
or heart disease (n = 1), stimulation treatment for less than
7 days (n = 3). After PSM, 113 patients were included in each
group. The PS-matched cohort was further divided into different
subgroups according to disease duration (19 AHN patients, 50
SHN patients, and 44 PHN patients in the st-NES group and
25 AHN patients, 52 SHN patients, and 36 PHN patients in
the PRF group) and sites (st-NES group: cranial dermatome
n = 21, cervical dermatome n = 22, thoracic dermatome #n = 61,
lumbosacral dermatome # = 9. PRF group: cranial dermatome
n =22, cervical dermatome n = 23, thoracic dermatome n = 59,
lumbosacral dermatome n = 9).

Surgical procedures
The procedure of st-NES was as follows: Short-term
peripheral nerve stimulation (st-PNS) was applied in patients

with ZAP in the cranial dermatome, short-term spinal cord
stimulation (st-SCS) was applied in the cervical, thoracic

Frontiers in Molecular Neuroscience

03

or lumbosacral dermatome. In this study, st-PNS included
supraorbital nerve and gasserian ganglion stimulation. X-ray
guided exposure of the optimal puncture site and locating the
target position of the electrode. The electrode was implanted
through a puncture needle at a proper physiologic and anatomic
position with local or general anesthesia. For supraorbital nerve
stimulation, the supraorbital notch and supraorbital rim were
located, slowly local infiltrate anesthesia with 1% lidocaine was
performed from the medial edge of the contralateral brow arch
to the superior edge of the affected brow arch to ensure that the
supraorbital nerve was not blocked, then placed the puncture
needle and reached the periosteal surface. The anterioposterior
film showed that the puncture needle was located approximately
1 cm from the superior orbital rim of the affected side (Vaisman
et al, 2012; Wan and Song, 2021). For gasserian ganglion
stimulation, the oval foramen on the affected side was exposed
as the puncture target, and the puncture needle was inserted in
the established direction under general anesthesia. The direction
and depth of the needle were adjusted under fluoroscopy. The
electrode was placed after the needle tip passed through the
oval fossa until the upper end of the electrode was shown to
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reach the junction between the sella turcica, the clivus, and the
petrous part of the temporal bone on the lateral fluoroscopy.
For spinal cord electrical stimulation, the puncture point was
usually 1-2 segments below the target vertebral segment, and
the electrode was located in the epidural space on lateral film
(Taub et al., 1997). Then, Electrical stimulation was performed,
and the electrode position and parameters (frequency, pulse
width, and voltage) were adjusted to ensure adequate paresthesia
caused by the stimulus could cover the painful area entirely.
Then the position of the electrode was considered appropriate,
and a fixation suture was applied to it (Song et al., 2014). The
specific parameters were set according to the patient’s sensation,
with frequencies mainly in the range of 60-100 Hz and without
exceeding 300, pulse width usually between 90 and 300 us and
no more than 1,000 us, and a voltage mainly varied from 0.5
to 5.5 V. In addition, the stimulus electrode and electric pulse
generator were Medtronic (1*8 compact 3878-75, Medtronic,
Minneapolis, MN, United States), and all patients were placed
with a single electrode. The stimulation was continuous and

TABLE 1 Patients’ characteristics.

10.3389/fnmol.2022.1069058

performed for 7-10 days, and then the electrode was removed
after the treatment. During the treatment, the parameters of the
electrode were constantly adjusted to ensure that pain could be
replaced entirely by pleasant paresthesia.

The targets of PRF in this study included the supraorbital
nerve, the gasserian ganglion, and the dorsal root ganglion.
The procedure of PRF is as follows: the anatomical area of
the involved nerve was found under X-ray or ultrasound
guidance and punctured with a radiofrequency needle with local
anesthesia until the tip of the needle reached a satisfactory
position. The supraorbital foramen was the puncture point
for the supraorbital nerve PRE the PRF needle was inserted
perpendicular to the skin, and after the sense of falling, the
PRF needle core was placed (Zhang et al., 2020). Similarly,
the foramen ovale was the puncture target of the gasserian
ganglion radiofrequency, and the puncture needle was inserted
until it reached the foramen ovale. Then the tip of the needle
was adjusted while inserting the needle core until the tip
of the needle reached the clivus in the lateral fluoroscopy

Before PSM After PSM
st-NES PRF X2/t P St-NES PRF X2/t P

(n=130) (n=124) (n=113) (n=113)
Age (Y, x~ £ SEM) 68.6 £0.8 65.9+0.8 —2.304 0.022* 68.5+0.9 66.19 £ 0.9 1.811 0.071
Sex (n, %) 1.033 0.309 0.283 0.595
M 67 (51.5%) 56 (45.2%) 58 (51.3%) 54 (47.8%)
F 63 (48.5%) 68 (54.8%) 55 (48.7%) 59 (52.2%)
Side (1, %) 3.916 0.048* 1.153 0.283
L 80 (61.5%) 61 (49.2%) 68 (60.2%) 60 (53.1%)
R 50 (38.5%) 63 (50.8%) 45 (39.8%) 53 (46.9%)
Location (n, %) 0.184 0.98 0.079 0.994
F 23 (17.7%) 23 (18.5%) 21 (18.6%) 22 (19.5%)
C 23 (17.7%) 24 (19.4%) 22 (19.5%) 23 (20.4%)
T 73 (56.2%) 67 (54%) 61 (54.0%) 59 (52.2%)
L 11 (8.3%) 10 (8.1%) 9 (8.0%) 9 (8.0%)
BMI (x~ 4+ SEM) 244403 243403 —0.196 0.845 245+ 0.3 242+04 0.491 0624
Period (1, %) 9.753 0.008* 1.657 0.437
AHN 19 (14.6%) 53 35(28.2%) 53 19 (16.8%) 30 (22.1%)
SHN (40.8%) 58 (42.7%) 50 (44.2%) 43 (46.0%)
PHN (44.6%) 36 (29%) 44 (38.9%) 36 (31.9%)
Base NRS (1, %) 4.234 0.040* 2.273 0.099
4-6 20 (15.4%) 110 32 (25.8%) 92 18 (15.9%) 28 (24.8%)
7-10 (84.6%) (74.2%) 95 (84.1%) 85 (75.2%)
Base PSQI 13.8£0.2 13.4£0.2 1.762 0.184 13.8£0.2 134+£0.2 1.347 0.179
(x~ =+ SEM)
Hypertension history 52 (40%) 41 (33.1%) 1315 0.251 46 (40.7%) 37 (32.7%) 1.542 0.214
(YES/NO, %) 78 (60%) 83 (66.9%) 67 (59.3%) 76 (67.3%)
Coronary heart 19 (14.6%) 16 (12.9%) 0.157 0.692 19 (16.8%) 15 (13.3%) 0.554 0.457
disease 111 (85.4%) 108 (87.1%) 94 (83.2%) 98 (86.7%)
(YES/NO, %)
Diabetes history 24 (17.7%) 28 (22.6%) 0.945 0331 22 (19.5%) 26 (23.0%) 0.423 0.515

(YES/NO, %) 107 (82.3%) 96 (77.4%)

91 (80.5%) 87 (77.0%)

E, cranial dermatome; C, cervical dermatome; T, thoracic dermatome; L, lumbosacral dermatome, *P < 0.05, P-values for group comparisons by chi-square test or independent samples

t-test.
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(Ding et al., 2019). For dorsal root ganglion PRE the target
vertebral segment was positioned as the puncture point and
punctured under fluoroscopy or ultrasound until the needle
tip was above or below the intervertebral foramen. After back
drawing without blood or fluid, a stimulation test was performed
under local anesthesia (Geurts et al., 2003). Sensory stimulation
at a voltage of 0.2-0.6 V and a frequency of 50 Hz was
implemented to ensure the needle tip position was closer to the
surface of the ganglion or nerve. Subsequently, the parameters
and their values were as follows: pulse width 15 or 20 ms,
temperature 42°C, frequency 2 Hz, voltage 40-70 V, duration
600 s. Patients were usually treated with PRF 2-3 times during
hospitalization, depending on the level of pain relief. If the
pain was not relieved within 3 days after the treatment or the
result was unsatisfactory, a further PRF treatment would be
performed.

Measurements

The primary outcomes include the numerical rating scale
(NRS) and NRS reduction rate. NRS reduction rate was
calculated as another indicator to assess the pain relief level of
the treatment (Excellent: NRS reduction >80%, Medium: 50%
< NRS reduction <80%, Poor: NRS reduction <50%) (Rigoard
et al.,, 2019, 2021). NRS score and NRS reduction rate were
evaluated at baseline (pre-operative), discharge (post-operative),
1, 3, 6, 12, and 24 months after discharge.

(NRS score at each time point

—baseline NRS score)
* 100

NRS reduction rate (%) = baseline NRS
aseline score

The Pittsburgh Sleep Quality Index (PSQI), analgesic
consumption, and the aggravation of pain after discharge
were used as secondary outcome indicators. The PSQI was
recorded at baseline, discharge, and final follow-up. Analgesic
consumption (pregabalin or gabapentin) was recorded at pre-
operative, 1, 3, 6, 12, and 24 months after discharge. the
aggravation of pain and adverse effects were assessed post-
operatively.

Propensity score matching analysis

Propensity score matching (PSM) analysis was utilized to
restrain confounding factors and settle possible patient selection
bias. The PSM was based on age, side, duration of ZAP, and
base NRS. Therefore, rigorous adjustment was implemented
using nearest neighbor matching without replacement and the
caliper width of 0.1 for significant differences in the underlying
characteristics of PSM patients. After PSM, a P-value above 0.05
indicated a significant imbalance between groups.
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Statistical analysis

All data were analyzed using IBM SPSS Statistics 26.0 (SPSS
IBM Corporation, Chicago, IL, USA). Continuous data are
expressed as the mean =+ standard error of the mean (x & SEM),
and the enumeration data are presented as numbers and
proportions. Comparisons between two groups were performed
using the chi-square test, independent samples ¢-test, and
Mann-Whitney U-test, and appropriate statistical methods
were selected based on the type of variables and whether they
conformed to a normal distribution. Univariate ¥ analysis was
first performed in analyzing prognostic factors. Afterward, the
factor with P < 0.1 in the results of the univariate analysis was
used as an independent variable entered the Ordinal regression
analysis. At the same time, the odds ratio (OR) and its 95%
confidence interval (CI) were calculated. P < 0.05 was deemed
statistically significant.

Results

General characteristics

The general characteristics of the patients are summarized
in Table 1. The differences in baseline information between the
two groups were statistically significant before PSM (P = 0.008-
0.048, Table 1). We matched the two groups according to a
sample size of 1:1, and all basic characteristics increased to
P > 0.05 between the groups after PSM.

Comparison of the efficacy of the two
groups

Primary endpoints
Pain relief

The baseline average NRS score for the st-NES group was
8.1 £ 0.1, and for the PRF group, it was 7.8 & 0.2, which were
significantly reduced to 2.2 + 0.3 and 3.7 & 0.2 at discharge,
respectively. Low pain scores were sustained at 1-month to 24-
month follow-ups. NRS score in the st-NES group was reported
to be significantly lower than in the PRF group at each time
point after treatment (P < 0.01, Figure 2A). During the follow-
up period, the NRS reduction rate remained higher in the
st-NES group than in the PRF group (P < 0.01, Figure 2B).
Additionally, 55-84% of patients achieved an NRS score <3
during follow-up in the st-NES group (Figure 2C), and it was
29-46% in the PRF group (Figure 2D).

The percentage of patients with different outcomes of
pain relief

A total of 91% of patients at discharge, 77, and 67%
of patients at 6 and 24 months had excellent and medium
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the st-NES group or PRF group.

outcomes in the st-NES group. In the PRF group, patients with
excellent and medium outcomes at discharge, 6 and 24 months
were 63, 50, and 42%, respectively (1-6 months P < 0.0001
Figures 3A-D, 12 and 24 months P = 0.002, P = 0.019,
Figures 3E,F).

Comparison in different disease duration

For AHN and SHN, the pain was significantly relieved
with st-NES therapy than PRF therapy within 12 months, as
seen by the lower NRS scores and higher NRS reduction rate
(P =0.0001-0.031 Figures 4A-D). No significant difference in
NRS scores and NRS reduction rate was observed between the
two groups after 12 months. For PHN, the average NRS score
in the st-NES group was significantly reduced from 7.8 & 0.2
to 2.5 £ 0.2 at discharge and remained between 3.3 & 0.6 and
3.6 £ 0.3 from 1 to 24 months, that in the PRF group reduced
from 7.9 & 0.3 to 3.8 £ 0.3 and remained between 5.6 & 0.3 and
6.1 £ 0.3 (P < 0.05, Figures 4E-F).

Comparison in different lesion sites

After treatments, NRS scores significantly declined in both
groups at each time for ZAP occurring in the cranial, cervical,
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thoracic, and lumbosacral dermatome. However, in the cranial
dermatome, NRS scores considerably decreased at discharge,
1, 3, and 6 months in the st-NES group compared with the
PRF group (P < 0.021, Figure 5A), there was no significant
difference at 12 and 24 months. In the cervical dermatome and
thoracic dermatome, compared with the NRS scores in the PRF
group, the NRS scores in the st-NES group obviously declined at
any follow-up interval (P < 0.023, P < 0.035, Figures 5B,C).
Additionally, in the lumbosacral dermatome, there was no
significant difference in NRS scores at each follow-up time in
the two groups (P > 0.05, Figure 5D).

In addition, the operation method of peripheral nerve
stimulation and pulsed radiofrequency therapy for herpetic
neuralgia in the cranial dermatome will affect the curative
effect. We divided the target nerves of peripheral nerve
modulation into the supraorbital nerve region and the gasserian
ganglion region and compared the efficacy of peripheral nerve
electrical stimulation and radiofrequency in the same regions.
As shown in Supplementary Figure 1, the NRS scores for
supraorbital nerve electrical stimulation were significantly lower
than supraorbital nerve radiofrequency within 6 months after
discharge (Supplementary Figure 1A), while the efficacy of both
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FIGURE 3

(A—F) The proportion of people with excellent, medium, and
poor outcomes of numerical rating scale (NRS) reduction rate in
short-term nerve electrical stimulation (st-NES) and pulsed
radiofrequency (PRF) group at discharge, 1, 3, 6, 12, and 24
months follow-up (n = 226, *P < 0.05, **P < 0.01, ***P < 0.00,
indicate PRF group vs. st-NES group, P-values for group
comparison by chi-square test).

was comparable after 6 months. The effects of gasserian ganglion
stimulation and gasserian ganglion radiofrequency are always
comparable (Supplementary Figure 1B).

Secondary endpoints
Medication consumption

Compared to pre-operative dosages, the average dosages
of pregabalin and gabapentin significantly decreased after
treatment in the two groups post-operatively (P < 0.05,
Figures 6A,B). There was no significant difference in the
dosages of pregabalin at any time interval in the two groups, and
the dosages of gabapentin obviously declined at 1- and 3-month
in the st-NES group compared with the PRF group follow-up
(P < 0.033, Figure 6B). During the follow-up period, 54.0%
of patients had stopped taking any analgesic within 12 months
in the st-NES group and 69.0% in the PRF group (P = 0.067,
Figures 6C,D).

Pittsburgh Sleep Quality Index and the aggravation of
pain after discharge

As shown in Figure 7A, the average PSQI scores in the two
groups declined at discharge, which further declined at the end
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(A—F) Comparison of two treatment modalities for changes of
numerical rating scale (NRS) score and NRS reduction rate at
each time point during follow-up in acute herpetic neuralgia
(AHN), subacute herpetic neuralgia (SHN), and postherpetic
neuralgia (PHN), respectively [n = 226, *P < 0.05, **P < 0.01,
***P < 0.001, indicate pulsed radiofrequency (PRF) group vs.
short-term nerve electrical stimulation (st-NES) group, P-values
for group comparisons by Mann—-Whitney U-test].

of follow-up. Compared to baseline, the average scores in the st-
NES group decreased by 5.5 points at discharge and 7.0 points
at the end of follow-up, which decreased more than those in the
PREF group (P < 0.001, Figure 7A). The number of people with
pain worse after discharge than at discharge was significantly
higher in the PRF group than in the st-NES group (P < 0.0001,
Figure 7B). A total of 45.1% of patients in the PRF group and
17.7% in the st-NES group experienced an aggravation of pain
within 6 months after discharge (P < 0.0001, Figure 7B).

Side effects

One patient developed leakage of cerebrospinal fluid, and
two patients developed a local infection of the puncture
sites in the st-NES group. These complications resulted
in electrodes being removed prematurely for less than
10 days and disappearing after rehydration and administration
of antibiotics. No other serious adverse events (including
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prolonged bleeding, hematoma formation, spinal cord injury,
etc.) were found in the two groups.

Influential factors

The cohort before PSM was used for risk factors analysis.
Coronary heart disease, therapies, and disease duration may
affect the effectiveness of ZAP treatment according to the results
of the univariate analysis (P = 0.012, P < 0.0001, P < 0.0001,
Table 2). Multivariable analysis showed that the therapeutic
effect in the st-NES group was more significant than those in
the PRF group (OR:5.417, 95% CI: 3.187-9.207, P < 0.0001,
Table 2), and patients with shorter duration of disease were
prone to achieve more excellent therapeutic results (AHN vs.
PHN OR:8.784, 95% CI: 4.256-18.133, P < 0.0001, SHN vs.
PHN OR:3.767, 95% CI: 4.256-18.133, P < 0.0001, Table 2).

Discussion

Renovative varicella-zoster virus (VZV) leads to extensive
necrosis of skin and nerve cells and triggers abnormal action
of neurons resulting in ZAP (Wall and Gutnick, 1974; Devor,
1991; Head et al,, 1997). Currently, a proportion of patients
still turned PHN after performing interventions in the acute
and subacute phases. PHN is the most common complication
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(A) Pittsburgh Sleep Quality Index (PSQI) scores decreased at
discharge and final follow-up period. (B) Aggravation rates of
the two groups (n = 226, *P < 0.05, **P < 0.01, ***P < 0.001,
P-values for group comparison by Mann—Whitney U-test).

of herpes zoster and has produced moderate to severe pain
for years, severely affecting the quality of life of patients and
their families (Johnson, 2010). PRF and NES offer alternatives
when conservative treatment and medication for intractable and
refractory pain are not effective (Kemler et al., 2000; Eyigor et al.,
2010; Assaf et al., 2016).

At present, PRF and st-NES, including st-SCS and st-PNS,
were reported to be safe and effective for ZAP (Yanamoto and
Murakawa, 2012; Ke et al., 2013; Dong et al.,, 2017; Wu et al,,
2020; Wan and Song, 2021). However, there are relatively few
studies on st-NES for treating ZAP compared to PRE and
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TABLE 2 Risk factors for efficacy after minimally invasive neuromodulation (n = 254).

Univariate analysis (X?) P-value Multivariate analysis OR (95% CI) P-value
Sex 4.689 0.321
Side 2.110 0.348
Base NRS 1.214 0.545
Hypertension 1.467 0.480
Diabetes disease 2.023 0.364
Coronary heart disease 8.838 0.012* 2.036 (0.986-4.206) 0.055
Age 0.757 0.685
BMI 0.491 0.782
Therapy 25.359 <0.0001*
st-NES (vs. PRF) 5.417 (3.187—9.207) <0.0001*
Disease duration 25.026 <0.0001*
AHN (vs. PHN) 8.784 (4.256-18.133) <0.0001*
SHN (vs. PHN) 3.767 (2.122-6.687) <0.0001*
Location (F/C/T/L) 6.769 0.343

Data are shown as chi-square values and odds ratio (95% confidence interval). The x? test was used for univariate analysis. The ordinal logistic regression was used for multivariate

analyses of factors having P < 0.10 during univariate analysis. *P < 0.05.

the comparative efficacy between st-NES and PRF for ZAP is
unclear. The present study was designed to determine the effect
of st-NES and PRF in treating ZAP. We found that both PRF and
st-NES could induce pain alleviation, and pain relief reported
in patients treated with st-NES is higher than in those treated
with PRF at any time interval. A previous study enrolled 91
AHN and SHN patients, followed up to 6 months, then observed
that st-SCS achieved better pain relief than PRF for ZAP at
1-and 6-month follow-ups (Song, 2021). In addition, a recent
study with a sample size of 70 PHN patients and a follow-up
period of 12 months demonstrated that the VAS scores in the
st-SCS group were reported notably lower than those in the PRF
group at 3, 6, and 12 months after treatment (Sheng et al., 2022).
Our findings are consistent with those studies. Furthermore, we
observed that at 24 months follow-up, the st-NES group still
maintained a lower NRS score and higher NRS reduction rate.
Apart from pain relief, medication consumption, PSQI
score, and the aggravation of pain relevant to the quality
of life were assessed in our study. We only counted the
dosage of pregabalin and gabapentin due to irregular use of
opioids, antidepressants, and other medications in patients.
Consequently, a significant reduction in the dosage of these
two drugs after surgery could be founded in the present
study. Moreover, more than 50% of patients had stopped
taking analgesic medication in both groups during the follow-
up period. Most patients stopped taking medication gradually
as the pain could be maintained at a lower level without
a tendency to rebound. Lack of continuous sound sleep is
widespread concern for patients with ZAP. In this study,
PSQI scores decreased in the two groups, which observed in
the st-NES group apparently declined compared to the PRF
group. Additionally, patients treated with PRF were prone to
have worse pain after discharge than at discharge compared
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to patients treated with st-NES. The results from secondary-
endpoint assessments in the two groups further supported the
NRS and NRS reduction rate analysis. Therefore, the superior
long- and short-term efficacy of st-NES over PRF was derived
from this observational study. This result may be explained by
the fact that st-NES is continuous for 7-10 days while PRF lasts
for 10 min once a time. The difference in the mechanism of
these two treatment modalities may also be the cause. Prior
studies reported that PRF could alternate the expression of
inflammatory cytokines to induce analgesia, such as IL-6, IL-
17, IFN-y, TNFaq, and IGF-2 (Das et al., 2018; Sam et al., 2021).
Expression of the neurotransmitter GABA and the inhibitory
GABAergic interneurons in the dorsal horn of the spinal cord
and ganglion have been identified in a rat model as being
involved in the mechanism of NES-mediated analgesia (Cui
et al., 1997; Daniele and MacDermott, 2009; Takeda et al., 2013;
Sun et al., 2018; Meuwissen et al., 2020). In addition, several
reports have mentioned that electrical stimulation changes the
electrical state of individual neurons, causing neurotransmitter
activity, altering neuronal circuits, and leading to changes in
pain and function (Gilmore et al., 2019; Sivanesan et al., 2019;
Knotkova et al., 2021). Hence, the altered individual neurons
and the neurotransmitters can still relieve pain by reducing the
excitability of sensory neurons after the electrodes are removed.

Moreover, we further observed the comparative effects
of the two treatments in different disease duration and
sites, respectively. For AHN and SHN, the long-term efficacy
observed in the st-NES group was comparable with the PRF
group. However, st-NES was more effective than PRF for PHN
in pain relief. A previous study reported no significant difference
between the st-SCS and PRF within 24 weeks post-operatively in
patients with SHN and PHN (Liu et al.,, 2020). The differences
observed between us and that study may be due to differences
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in sample size and follow-up time. In the cervical and thoracic
dermatome, the long and short-term efficacy of st-NES was
greater than PRF. The statistical analysis did not include the
NRS scores at 12 and 24 months in the lumbosacral dermatome
because of the small sample size.

The influential factors associated with the therapeutic
outcome of ZAP were evaluated. Ultimately, treatments and
disease duration were influential factors in the efficacy of ZAP,
which means that patients with st-NES experienced greater
effectiveness than PRE and the longer the course of the disease,
the worse the outcome of the patients. This result differed from
a previous study, which showed no effect of disease duration on
the efficacy of ZAP (Liu et al., 2020). This inconsistency may
result from the different disease duration of included patients
between the two studies.

This study is real-world-based, where patients were
admitted to the hospital for further treatment only when
medication was ineffective or the side effects were intolerable.
We have introduced PRF and st-NES to the patients in detail,
and they chose the specific method. Therefore, each patient as
their own control could indicate that st-NES and PRF were more
effective than oral medications. However, several limitations of
this study should be addressed in future research. First, this
is a retrospective analysis, lacking strict randomized control.
Thus we used propensity score matching methods to avoid
the impacts of other variables on endpoints, and the obtained
results were reviewed by various statistical methods to ensure
the reliability of the data. Second, patients enrolled in one
pain management center despite the large sample size. Future
multiple centers studies are warranted to validate our findings.

Conclusion

This study showed that st-NES and PRF are effective and
safe in treating ZAP. St-NES provides better pain relief and
sleeps improvement than PRF for ZAP patients. We further
found that st-NES is more effective than PRF within 12 months
in AHN, SHN patients, and patients with ZAP in the cranial
dermatome, but the efficacy of st-NES and PRF is comparable
after 12 months. There is no significant difference in the efficacy
of the two treatment modalities for ZAP in the lumbosacral
dermatome. In addition, the prognosis of ZAP is related to
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