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Purpose: To evaluate the efficacy and pain fluctuations of methylcobalamin in combination with lidocaine local injection treatment
for subacute herpetic neuralgia (SHN).

Methods: Seventy-nine women (60.4 + 2.7 years) with thoracic SHN were enrolled and randomized to receive a combination of
methylcobalamin and lidocaine local injection (MI, N=40), or a combination of lidocaine patch 5% and oral methylcobalamin (PO,
N=39) for four weeks. Repeated-measures analyses of variance were used to evaluate the effect on pain levels. Generalized estimation
equations were used to analyze the cause-effect relationship between pain fluctuations and influencing factors.

Results: At the treatment endpoint, the group, treatment time, and group interacted with treatment time effects of the pain scores and
area were statistically significant (P<0.001), The pain scores were 2.9 £0.9 (MI) and 4.3 + 1.5 (PO). 80.00% (MI) or 28.21% (PO) of
patients had pain scores < 3, the odds ratio was 2.84 (95% CI: 1.68 to 4.79). The incidence of postherpetic neuralgia was 5.0% (2/40)
at 3 months. Pain fluctuated repeatedly during treatment. The pain fluctuation increased from 8.75 log folds in the afternoon, to 79.85
log folds at night. With the ADLs level increasing from 1 to 3, the pain fluctuated from 4.28 to 17.70 log folds. Allodynia, itching,
sleep quality, and ADLs were the significant influencing factors (P<0.05).

Conclusion: This study validated the efficacy of methylcobalamin combined with lidocaine for SHN, and confirmed that pain levels
in patients with SHN had an obvious circadian rhythm. ADLs were an important cause of pain fluctuations.
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Introduction

Subjects with herpes zoster (HZ) that are > 50 years old are more likely to have severe zoster-associated pain (ZAP) and
develop postherpetic neuralgia (PHN),! which may severely impact the quality of life (QoL), decreasing physical
functionality and activities of daily living (ADL), and creates severe difficulties in both professional and personal
life.>* Clinical studies have shown that the pain intensity caused by neuropathic pain exhibits a circadian pattern
clinically.*® Peripheral neuropathic pain is often worse at night and significantly impairs sleep.® Odrcich's data
suggested that the pain intensity of PHN progressively increased throughout the day.’ In patients with thoracic PHN
with allodynia, touch-evoked pain appears to play an important role in progressively higher pain levels towards the end
of the day.” The difference in pain intensity from 8:00 AM to 8:00 PM was more pronounced in females than in males.'’
Previous studies have reported that acute HZ interfered in all health domains, especially sleep (64% of participants),
enjoyment of life (58%), and general activities (53%)."" Coplan et al investigations demonstrated that PHN often restricts
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walking and mobility.'> This would imply that physical activity either evokes or exacerbates neuropathic pain, and
cumulative activity throughout the day may lead to progressive increases in pain.” Pain-related disability includes body
actions, activity limitations, and participation restrictions induced by pain. In patients with PHN, pain-related disability is
one of the most important outcomes and key to treatment.'® Therefore, appropriate assessments of factors for pain-related
disability are required for pain management.

Acute ZAP occurs in >95% of patients older than 50 years of age; 60—70% of patients continue to experience
persistent pain one month after disease onset.'*!> It is estimated that 5-20% of those with HZ go on to develop PHN.'®
The median age of patients with HZ and PHN is 56.3 and 65.9 years, respectively.'” Women are at higher risk of HZ and
PHN."®!” The main pathological mechanism of PHN is the reactivated varicella-zoster virus (VZV)-induced injury of
nerve fibers from the affected dorsal root ganglion.”?! The persistence of local pain after the onset of vesicles implies
that the damaged neural tissues, such as afferent fibers, epidermal nerve fibers, and endings, play an important role in the
pathogenesis of PHN.?? Subacute herpetic neuralgia (SHN), which is defined as pain beyond the acute phase that persists
for approximately 30 to 120 days after the onset of vesicles.”*** Prompt antiviral therapy may reduce the incidence and
severity of PHN. However, these therapies do not completely alleviate ZAP.*>2® Treatment for ZAP is focused on
symptom control.”” ' However, the analgesic effect is often not satisfactory.'® Given the continued high incidence of
HZ, it remains important to determine better ways to treat ZAP.'® SHN is the early stage of nerve injury, and timely
treatment at this critical stage can effectively reduce the incidence of PHN.>**? A specific mechanism-based intervention,
such as a promoting nerve repair strategy based on neurotrophic agents, methylcobalamin (MeB), has shown a more
persistent analgesic effect.**

The present study aimed to evaluate the long-term effect of local MeB;, injection in combination with lidocaine on
SHN, and the acute within-day mutual reactivity of pain fluctuations, pain intensity, phenotypes, activities of daily living
(ADLs), and sleep quality throughout the circadian cycle in patients with thoracic SHN during treatment.

Methods

Study Design

This study was a prospectively registered randomized controlled trial (ChiCTR2000034972; 26 July 2020 to
15 August 2021) conducted at the Affiliated Tenth People’s Hospital of Tongji University, following the Ethics
Review Board of Affiliated Tenth People’s Hospital of Tongji University approval (SHSY-IEC-4.0/20-32). All proce-
dures involving human participants were performed by the ethical standards of the institutional and national research
committee and the 1964 Helsinki Declaration, its later amendments, or comparable ethical standards. Eligible participants
gave written informed consent after the provision of the trial information sheet and counseling by staff not involved in
the trial. Data management was performed at the Affiliated Tenth People’s Hospital of Tongji University. To reflect the
living state characteristics of women, the age of the enrolled women was controlled at 55—65 years old. We report in
compliance with the CONSORT statement.>”

Inclusion Criteria

Eligibility criteria included: a diagnosis of thoracic SHN for at least 30 days and no more than 4 months; >55 years of age
women; cutaneous and/or subcutaneous pain and/or other discomforts at the dermatomal T4-6 levels; or adjacent
cutaneous dermatomes temporally and spatially associated with the HZ rash; and a pain score > 4 on the 11 point
numerical rating scale (NRS) in the past 24 h; and pain area greater than or equal to one palm area.

Exclusion Criteria

Subjects who met the following criteria were excluded from this study: presentation or history of a serious or unstable
medical or psychological condition, and insomnia that would compromise participation in the study, or confound the
assessment of SHN.
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Rationale Behind Sample Size Determination
The use of topical lidocaine is supported by clinical practice guidelines, including first-line treatment by the European
Federation of Neurological Societies*® and second-line by the Canadian Pain Society.’” Lidocaine patch 5% (LP) is one
of the currently available treatment options for PHN patients.*®°

We propose a strategy based on neurotrophic drugs to promote nerve repair to treat pain. The expected proportion of
pain intensity NRS of 3 or lower for the 28-day treatment was 85% compared with a 46.2% response rate of LP at the
endpoint,*® with a one-sided 5% significance level. With an assumption of error of 0.05 and an anticipated dropout rate of
15%, a minimum of 34 patients per group was required for 80% statistical power. Considering the subsequent analysis of
the impact factors of pain fluctuations, the number of patients in each group increased by another 15%. Thus, a total of 78
patients were needed for this study.

Patient Recruitment

Subjects with SHN were recruited at the department of rehabilitation, Affiliated tenth people’s hospital of Tongji
university from August 2020 to August 2021. The participant belonged to the Asian/Chinese race women and ranged
between 55 and 65 years old.

Randomization

An independent research physician evaluated the eligible subjects who agreed to enroll for the trial and provided written
informed consent. All the enrolled subjects’ demographic and baseline characteristics were recorded at the baseline visit.
Another independent physician performed the randomization procedure. Assignment to local injection or oral medication
was in a 1:1 ratio with each assignment secured inside a sealed opaque envelope holding a unique identifier. The
randomization list was created by a random number generator. On treatment Day 1, the eligible patient was assigned their
unique identifier corresponding with the sealed envelope sequence.

Intervention
The randomized subjects were categorized into two groups: MeB combined with lidocaine local injection (MI) group,
and LP 5% combined with oral MeB (PO) group.

The subjects in the MI group received MeB (1000-1500 pg, Eisai Co. Ltd, Tokyo, Japan) plus 2.0% lidocaine (20—
30 mg, Fuda Co. Ltd, Shanghai, China) local injection. All drugs were mixed to get a 4.0-6.0 mL injection, which was
administered with a 25-gauge needle and a sterile hypodermic syringe. The drugs were injected into the most painful area
reported by the patients, with 0.3—0.5 mL of liquid injected per region. The patients were observed for 1 hour after the
first administration and were subsequently discharged without any symptoms of discomfort. The treatment programs
were performed once daily every morning, between 8 and 11 a.m, five times a week for 4 wks.

Because patients were prone to external use of LP, we used LP in combination with oral MeB as a control group.
Subjects in the PO group received topical LP, 5% (10 X14 cm, lidocaine 700 mg, 5% w/w, Tide Pharmaceutical Co., Ltd,
Beijing, China) once daily by a therapist, in addition, to oral a 500-pug MeB tablet (Eisai Co. Ltd, Tokyo, Japan) three
times daily. Up to three LP, 5% were simultaneously applied as needed pain area for 12 hours daily. To ensure the
compliance of patients, the dosage and method of LP were controlled by doctors.

Single Blind
Given the nature of the injection, it was impossible to blind the physician and subjects. The independent physicians who
did not participate in clinical treatment conducted the pain assessment.

Adverse Events
Adverse events were monitored and recorded during the treatment period by a treating physician who immediately
reported to a researcher. The researcher then recorded the data on standardized clinical notes for each participant.
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Participant Compliance
The number of treatment sessions attended and the number of missed or canceled appointments were recorded by the
treating physician.

Primary Outcome
All patients underwent a structured interview to assess the clinical and phenomenological characteristics of their pain
sensations, such as the location, descriptive scope characteristics, intensity, data on pain duration, and QoL were obtained
by Zoster Brief Pain Inventory (ZBPI) and health-related QoL,'"? and Euro-Qol VAS.*!

Pain intensity was measured using the ZBPI, to assess the worst pain level and period of the previous day. ZAP is

4344 and numbness.

generally described as continuous spontaneous pain, paroxysmal pain,** tactile allodynia,** itchings,
Further measures consisted of five phenotypes of pain.

Because the pain associated with HZ was located in the partial regions innervated by distal nerve branches instead of
the entire nerve distribution,*> one unit of the pain scope in this study was defined as the whole palm area of the patient-
self's right hand. Subjects’ perceived pain regions were mapped in a sagittal fashion from the lateral to the midline, and
the unit proportions were then calculated.

At the endpoint, patients were asked whether they felt a reduction of 4 points (approximately 50%) in pain score in
the preceding 28 days compared with how they felt before receiving treatment in this study, the proportion of patients

who had a pain score < 3, and the numbers of patients using analgesics after treatment.

Health-Related QoL

The secondary measures were to assess interference with health-related QoL using the ZBPI during the four-week
treatment period. The ZBPI QoL scores were used to measure selected ADL and health,'> which included the
interference of HZ-related pain with seven QoL components: general activity, mood, walking ability, normal work,
relationship with others, sleep, and enjoyment of life. The EuroQoL VAS is a validated measure of health-related QoL
that can assist with subjective measurements of the current health state using a scale of 0 to 100.*'

Pain Fluctuations and Influencing Factors
Given the aim of the current study, while the efficacy was evaluated, and acute within-day mutual reactivity of circadian
rhythm of pain fluctuations, ADLs, and sleep quality were particularly concerning.

To assess the circadian rhythm of pain fluctuations, one day and night were divided into 4 periods following living
habits, starting from the morning (5:00 to 12:00); the noon and afternoon (12:00 to 17:00); the evening (17:00 to 22:00);
and the night (22:00 to 5:00).

As no standard definition for pain fluctuation exists,*® it is difficult to accurately recall the pain intensity.*” *’ Pain
fluctuation was defined as a change of greater than 2 scores on NPS in comparison to the pain rating at every treatment
visit in this study.

The pain fluctuation extent was divided into 4 levels. The patients were inquired about the worst pain level and the

EEINNTS

period of the previous day, and the answer options were “much worse pain (greater than 4 scores on NPS)”, “worse pain
(greater than 2 scores on NPS)”, “as usual”, and “pain relief (greater than 2 scores on NPS)” to compare with current pain
levels at the time of visit (coded as 3, 2, 1, and 0, respectively). During each treatment, the treating doctor asked the
patient about the changes in pain intensity and treatment response. As long as the patient reported a significant
deterioration in pain, they were required to recollect their ADL over the past 24 hours. We analyzed the within-day
factors for significant fluctuations in pain and the average change in pain intensity per week.

To be more in line with the limb movement characteristics of women in this age group, the walking ability and normal
work of ZBPI-QoL were replaced with a variety of unconstrained body activities associated with daily living and
housework (higher ADLs). Referring to the 8 items of instrumental activities of daily living (IADL),>® we divide usually
10 weight-bearing movements into three levels, namely, light level (including self-bath; defecation difficulty; taking
a bus for more than 30 minutes; intentional chest-expanding or upper extremity stretch exercises), medium level (such as
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cutting and cooking; washing coats; hanging and sunning coats or quilts) and high-intensity level (walking more than 500
meters with heavy objects [>2.5 kg]; cleaning the house and mopping the floor; driving a car or riding a battery
motorcycle for more than 30 minutes). The patients were inquired if they did any of these ADLs, then these ADLs were
coded as 3 (high-intensity level), 2, 1, and 0, respectively.

We also recorded the patient’s sleep time and quality by self-reported to replace the sleep component of ZBPI-QoL
scores. The participants were asked how many hours per night and day they slept. Total diurnal sleeping time was
categorized into <lh, 1-2h, 2-3h, and >4h of sleep, respectively. “How does pain interfere with your sleep in the

G

past day?” The answer options are “difficulty falling asleep due to pain”, “unable to fall asleep after waking up due to
pain”, “continue to fall asleep after waking up due to pain”, and “able to sleep without being woken up” (Combine with
sleep time and quality, coded as 3, 2, 1, and 0, respectively). Participants answered the question to address the perceived

acute effect of pain on sleep.

Statistical Analysis
Data are expressed as the mean = SD for continuous variables, or number (%) for categorical variables.

ANOVA of repeated measures was performed to assess pain intensity and area changes. Mauchly’s tests the
hypothesis of sphericity and when if this violated the hypotheses, the analyses will be based on the Greenhouse-
Geisser test. For comparisons of the proportions of patients who achieved 30% (equal to two units of pain reduction
from their baseline pain scores) and 50% (equal to four units of pain reduction from their baseline pain scores) perceived
overall change, Chi-square tests were performed. Student’s #-test was used to analyze the ZBPI-QoL and EQ-VAS scores
variance for group comparisons.

Second, the generalized estimating equation (GEE) models with log links having robust variances were used to analyze the
influencing factors of pain fluctuations by ordinal logistics regression, and a working correlation matrix with independence
was selected for the minimum quasi-likelihood under the independence model criterion (QIC) value. In the Repeated module,
select the Patient ID and Periods in the Subject variables box, and the Treatment time points in the Within subject variables
box. Selecting the Independent structure of the same patient’s contribution data from the Working Correlation Matrix. Others
remain default. Set the ordinal response model type in the Type of Model module, and select ordinal logistics to fit the logistics
regression model that corrects data correlation. Specify the outcome variable in the Response module. Select the Pain
fluctuations variable into the Dependent Variable, and select the minimum value as the reference value in the Reference
Category. In the Predictors module, select the Periods, Groups, Treatment time points, Pain subtypes, Pain intensity, Pain area,
Whether doing ADLs, and Sleep quality variables to be included in the model into Covariables. In the Model module, select
Periods, Groups, Treatment time points, Pain subtypes, Pain intensity, Pain area, Whether doing ADLs, and Sleep quality
variables into the Model box. In the Statistics module, in addition to the default, check to Include empirical parameter
estimates to obtain the OR value. The GEE parameter estimates were expressed as the partial regression coefficients (5), odds
ratio (OR), and 95% confidence intervals (95% Cls). A p-value <0.05 was considered to indicate statistical significance. All
statistical analyses were performed using SPSS version 22.0 (IBM, Armonk, NY, USA).

Results

Participants and Comeplications

A total number of 85 women with T4-6 SHN met the inclusion criteria and were thus eligible for the 4-week treatment.
Six subjects were excluded for various reasons, leaving 79 women who met the inclusion criteria and thus eligible for the
4-week treatment. Most women (94.94%) had completed primary or further education. The subjects in the MI group
(N=40) received a MeB and lidocaine local injection combination. One was discontinued due to changing to another
analgesic drug after receiving 5 days of treatment. Subjects in the PO group (N=39) received LP combined with an oral
MeB tablet. Two subjects did not complete the study due to a lack of improvement after 1 week of treatment in the PO
group, whereas another one was discontinued due to increasing the dose of an analgesic drug after receiving 7 days of
treatment. The therapeutic responses of 79 participants were analyzed on an intention-to-treat basis. Figure 1 and Table 1
presented the baseline treatment allocation, sociodemographic, and clinical characteristics.
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Assessed for eligibility
(N=85)

Enroliment

Excluded (n = 6)

Not meeting inclusion criteria (N =
2)

Declined to participate (N = 2)

Other reasons (N = 2)

‘ Randomized (n=79) ‘
| |

Intervention Local injections (n=40) Oral administration (n=39)
Discontinuations (N = 1) Discontinuations (N = 3)
Discontinued by the investigator for Discontinued by the investigator for
Endpoint noncompliance: 1 noncompliance: 1
Withdrew without effect: 2

Analysis Intention-to-treat analyzed Intention-to-treat analyzed
(N=40) (N=39)
|
| Ato0d | Lost 4 |
|
| At180d | Lost 2 |

Figure | Consort flow chart.
Notes: Adapted from Schulz KF, Altman DG, Moher D for the CONSORT Group. CONSORT 2010 statement: updated guidelines for reporting parallel group randomised
trials. BMJ. 2010;340:c332. Copyright: © 2010 Schulz et al. Creative Commons Attribution License®.

Pain Intensity and Area

The differences groups in mean pain intensity, area, and QoL after treatment are shown in Table 1, Figures 2, and
3. The Greenhouse-Geisser’s estimate of deviation from sphericity ©=0.58 (pain scores) or 0.51 (pain area). The
significant TIME differences showed that treatment time had an impact on the reduction of pain intensity
(F=105.47, p<0.001) and area (F=489.88, p<0.001). The significant GROUP differences showed that the pain
intensity (F=8.32, p=0.005) and area (F=15.93, p<0.001) reduction in the MI group were more significant than
that in the PO group. As the treatment time elapse, the pain intensity and area were gradually decreasing and
reached the minimum at the end of the treatment on the 28th day. Significant interactions between GROUP and
TIME demonstrated that the extent of reduction of pain intensity (F=9.46, p<0.001) and area (F=65.71, p<0.001)
between the two groups was different with the prolongation of the treatment time. A significant reduction in the
pain scores and area following local injection treatment compared with those before treatment (p<0.001), or
compared with those following oral treatment (p<0.001). The extent of pain intensity and area reduction in the MI

group was greater (Figures 2 and 3).
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Table | Demographic, Clinical Characteristics, and Therapeutic Response of Patients with Subacute

Herpetic Neuralgia

Measures MI Group (n = 40) PO Group (n =39)
Age at rash onset (years, Mean, SD) 60.4 (2.8) 60.3 (2.6)
Primary or higher education (n, %) 38 (95.0) 37 (94.9)
Duration of rash onset (months, Mean, SD) 2.6 +1.1 2.7 1.1

Pain scores (Mean+SD, pre /post)

6.0 £1.2/ 2.9£0.9*

5.9 +£1.2/ 43+1.5+%

Pain regions (unit, MeanSD, pre /post)

2.8+0.5/1.5+0.4*

3.140.6/2.4+0.6*"

Pain subtypes (pre / post)

Subjects with continuous pain (n, mean)

18 (6.2) / 2 (2.3)*

I1(59)/ 11 (46)

Subjects with paroxysmal pain (n, mean)

10 (6.2) / 2 (2.0)*

11 (62)/9 (45)

Subjects with allodynia (n, mean)

12 (5.6) / 17 3.2)*

15 (5.8) / 16 (4.0)

Subjects with itching (n, mean)

0/5 (3.0

2 (5.5)/ 6 (3.6)

Subjects with numbness (n, mean)

0/4 @33

0/2(32)

Euro Qol (Mean+SD, pre/post)

30.9 £10.9 / 72.9+8.4*

29.2 +12.5/ 57.4+14.4%"

Subjects using analgesics (n, pre/post) 40/ 6 39 /27
Number of pain scores <3 (n, %) 32 (80.0) Il (28.2)*
Odds ratio (95% Cl) 2.84 (95% Cl: 1.68 to 4.79)
Number of pain reductions 2 30% (n, %) 19 (47.5) 21 (53.9)
Number of pain reductions 2 50% (n, %) 17 (42.5) 0 (0)
Number of pain scores23 at 3 months (n, mean) 2 (2.3)

Number of pain scores 23 at 6 months (n, mean) 2 (2.1)

Notes: Ml group: the combination of methylcobalamin and lidocaine local injection. PO group: the combination of lidocaine patch
and oral methylcobalamin. Data were expressed as mean * SD and number. One unit of the pain region was defined as the whole
palm area of the right hand. *Compared with the same group before treatment, P<0.05. *Compare with the control group,
P<0.05.

Abbreviation: SD, standard deviation.

Consistent with the overall results, significant differences in other efficacy measures were noted in the 2 groups, such
as the proportion of patients who achieved >30% and > 50% pain reduction, the proportion of patients who had a pain
score of < 3, and the numbers of patients using analgesics after treatment (Table 1).

Other Different Categorized Pain Intensities

Some participants complained of continuous, paroxysmal, allodynia, numbness, and itching. These scores as assessed at
the treatment endpoint revealed that subjects who received local MeB therapy had statistically significant effects on most
subtypes of pain (Table 1, p<0.05) compared with those who received oral treatment except tightness (tight feeling),
allodynia and itching. The proportion of patients with tightness, allodynia, or paresthesia increased slightly at the end of
treatment.

Health-Related QoL
The differences among the groups in the mean scores for ADLs and QoL based on the ZBPI and the EQ-VAS at the 28-
day assessment were shown in Figure 4 and Table 1. After 28 days of treatment, the patients in the two groups had
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Figure 2 Mean pain score of subjects at each time point and ANOVA for repeated measures. M| group: the combination of methylcobalamin and lidocaine local injection.
PO group: the combination of lidocaine patch and oral methylcobalamin. *p <0.05.

-~ MI group (n=40)
4- -&- PO group (n=39)

Pain area (Mean,SD)

Time point (day)

Figure 3 Mean pain area of subjects at each time point and ANOVA for repeated measures. Ml group: the combination of methylcobalamin and lidocaine local injection. PO
group: the combination of lidocaine patch and oral methylcobalamin. *p <0.05.

significantly lower ADL and QoL scores in the ZBPI and higher EQ-VAS scores, but these items were significantly
different among the 2 groups.

Pain Fluctuation

To establish a cause-effect relationship between pain fluctuations and the influencing factors, GEE was used to examine
the significance of the factors with the inclusion of other variables. From the analysis of the GEE in Table 2, it could be
seen that the critical value of the difference in pain fluctuation was statistically significant (P<=0.001), so it was
necessary to deduct the central effects. After controlling the central effects, the S of circadian rhythm and doing DALs
exceeded 2.0. Taking the pain fluctuation in the morning as the basic point, the log value of the cumulative probability
OR (log OR) of pain level did show a progressive fluctuation, which increased additionally from 8.75 (95% CI [6.73,
11.38]) of the log OR folds in the afternoon, to an additional 79.85 (95% CI [47.69, 133.67]) folds at night, with
morning-evening differences. Taking the pain fluctuation of the inactive patients as the basic point, with ADL level
increased from 1 to 3, the pain fluctuation was also raised from 4.28 (95% CI [2.37, 7.72]) to 17.70 (95% CI [7.60,
41.23]) folds. This result suggested that doing ADLs was an important cause of pain fluctuations.
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Figure 4 Comparisons of activities of daily living and quality of life scores in Zoster Brief Pain Inventory (ZBPI) before and after treatment. Ml group: the combination of
methylcobalamin and lidocaine local injection. PO group: the combination of lidocaine patch and oral methylcobalamin. *Compared with before treatment, P < 0.05.

#Compared with control group, P < 0.05.

Safety

Thirty-nine subjects completed injection treatment. The injections were well tolerated by these patients. In MI

groups, mild adverse events were reported for subjects who had a subcutaneous hemorrhage, but the bleeding

stopped after 1 minute. No serious side effects were reported in any of the groups, such as acute lidocaine

intoxication, excessive sensory loss, dysesthesias, or other serious adverse events.

Table 2 Parametric Estimated Value Based on the Collected Data for Generalized Estimating Equation

Parameter p OR (95% Cl: Lower, Upper) | WALD »* P
Ciritical value

“pain relief” 2.65 14.16 (4.12, 48.62) 17.74 <0.001

“as usual” 6.28 535.53 (146.30, 1960.27) 90.07 <0.001

“worse pain” 7.94 2797.54 (736.74, 10,623.44) 135.91 <0.001
Afternoon (Morning=Ref) 2.16 8.75 (6.73, 11.38) 261.98 <0.001
Evening 2.26 9.66 (6.45, 14.47) 121.33 <0.001
Night 437 79.85 (47.69, 133.67) 277.55 <0.001
MI group (PO group = Ref) —0.01 1.00 (0.80, 1.24) 0.002 0.961
Treatment 7d (Recruitment Baseline = Ref) —0.08 0.92 (0.70, 1.20) 0.38 0.539

(Continued)
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Table 2 (Continued).

Parameter p OR (95% CI: Lower, Upper) | WALD »* P
Treatment 14 d 0.33 1.39 (1.04, 1.87) 5.00 0.025
Treatment 21 d —-0.30 0.74 (0.50, 1.09) 227 0.132
Paroxysmal pain (Continuous pain =Ref) 0.09 1.09 (0.84, 1.42) 0.44 0510
Allodynia 0.35 1.42 (1.11, 1.82) 7.6l 0.006
Itching 0.58 1.79 (1.30, 2.46) 12.74 <0.001
Numbness 0.04 1.04 (0.61, 1.79) 0.02 0.880
Pain score=8 (Pain intensity 2 = Ref) 1.44 4.22 (1.06, 16.81) 4.18 0.041
Pain score=7 1.78 5.94 (1.62, 21.79) 7.21 0.007
Pain score=6 1.35 3.86 (1.20, 12.39) 5.15 0.023
Pain score=5 1.47 4.36 (1.42, 13.45) 6.59 0.010
Pain score=4 0.96 2.61 (0.94,7.31) 335 0.067
Pain score=3 0.78 2.19 (0.78, 6.18) 2.19 0.139
Pain area 0.01 1.01 (0.86, 1.19) 0.03 0.874
ADLs at | level (No doing ADLs = Ref) 1.45 4.28 (2.37,7.72) 23.34 <0.001
ADL at 2 level 2.02 7.57 (3.83, 14.93) 34.05 <0.001
ADL at 3 level 2.87 17.70 (7.60, 41.23) 44.36 <0.001
Sleep (“Able to sleep without being woken up” =Ref)

“Difficulty falling asleep due to pain” 1.03 2.80 (1.30, 6.04) 6.88 0.009

“Unable to fall asleep after waking up” 0.88 2.43 (1.21, 4.88) 6.21 0.013

“Continue to fall asleep after waking up” 0.22 1.24 (0.70, 2.21) 0.54 0.462

Notes: MI group: the combination of methylcobalamin and lidocaine local injection. PO group: the combination of lidocaine patch and oral
methylcobalamin.
Abbreviations: f, the partial regression coefficients; OR, odds ratio; 95% Cl, 95% confidence intervals.

Discussion

Treatment Response
A significant response was observed up to 28 days relative to the baseline in the PO groups. The pain scores were 4.3
+1.5. This result demonstrated a benefit to LP plus oral MeB treatment in reducing pain for SHN. But only 21 of the 39
(53.85%) subjects achieved a pain reduction of 30% at the end of the 28-day treatment. It is difficult to distinguish
between the significant benefits of our LP plus oral MeB and LP used alone.*°

Reactivated and subsequently replicated VZVs in neural cells exhibit anterograde axonal transport to skin.”' Epidermal
nerve fibers and endings, and skin were the major damaged regions by VZV.>** According to guidelines, topical treatment
should be considered in the management of localized neuropathic pain.>* Our neural repairing strategies should focus
particularly on the most painful area of the local subcutaneous neural fibers. The findings of this study indicated there was
a significant difference in the mean pain scores and the area between the two treatment methods (p <0.001, Figures 2, and 3),
representing an additional decrease per time point using local injection therapies. The pain severity in the MI group decreased
significantly, and the mean pain score at the 28-day endpoint was 2.9 £0.9. Thirty-six of the 40 (90%) subjects achieved a pain
reduction of 30% or greater. Thirty-two of the 40 (80%) subjects perceived worst pain <3, and the odds ratio was 2.84 (95%

1276 https: Journal of Pain Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Xu et al

CI: 1.68 to 4.79). As the patient’s pain intensity decreased, the number of patients using analgesics was gradually reduced.
Thirty-four subjects with received local injections had stopped using analgesics at the endpoint. The mean pain score with
local injection treatment significantly decreased relative to the oral treatment, with continued efficacy over 6 months, the
incidence of PHN was 5.0% (2/40) at 3 months. Pain relief levels from local MeB injection were superior to those from
systemic administration as demonstrated by odds ratios. HZ is a neurocutaneous viral disease, so PHN is a typical neuropathic
pain, in which the underlying mechanisms involve the affected nerve axonal damage and myelin disruption by the VZV.>>’
Our rationale is based on previous studies that proposed that approximately 83.3% of ZAP or PHN is localized neuropathic
pain.>®*° Therefore, the mechanism-based intervention strategy may be a neural repairing strategy based on local neurotrophic
technique. On the one hand, the elder is at risk for cobalamin deficiency.®™' In many patients, the causes of cobalamin
deficiency cannot be removed, and lifelong cobalamin replacement therapy is required.*® In some circumstances, it may be
warranted to correct cobalamin deficiency rapidly, as in the case of neurologic symptoms, due to the risk of irreversible
sequelae.®>®* On the other hand, MeB can attenuate neuropathic pain, which is accompanied by inhibition of intraepidermal
nerve fiber loss and mitochondria impairment.** Clinical experience has shown that high-dose MeB can relieve symptoms of
neuropathy.®>®’ The results of this study indicated that local injections can directly deliver MeB to VZV-damaged tissues,
obtain neurological responses, and relieve pain, which is consistent with results from previous studies.**® Widely used nerve
blocks or regional anesthesia suggests that local administration is superior to systemic administration for peripheral nerve

injury.®>" Local translation of axon enables spatiotemporal specificity in the neuronal response to axon injury’'-’*

or regrowth
of injured axons.” "> For the most representative disease of localized neuropathic pain, PHN,>* the local pain regions may be
the region of interest, some neurotrophic agents may be the suitable drug, and a local higher dose of MeB may be the
appropriate dose. Local injections could deliver directly MeB to the VZV-damaged regions, and reduce the pain intensity,
consistent with previous studies results.®>’® Cobalamin supplements are generally well-tolerated even when prescribed at high
doses.® Kaji's result indicated that ultra-high-dose MeB did not show major side effects on amyotrophic lateral sclerosis in
a long-term Phase II/I1I randomized controlled study.’” A meta-analysis of randomized controlled trials denied any effects of
cobalamin supplementation on cancer incidence or mortality, rather showing a lower risk of melanoma.”® Following the latest
S2k guidelines, lidocaine patches are recommended as second-line treatment for PHN.?' Some evidence has indicated that
lidocaine, a voltage-gated Na" channel blocking agent, could regulate the release of pro-inflammatory and anti-inflammatory
cytokines, and inhibit peripheral and central sensitization, ® resulting in analgesic effects.*® Lidocaine likely added relevant
effects when given in the context of a multimodal pain management approach.®' Adverse events occur no more frequently than
when using a placebo, provided that contra-indications and some caveats are considered.®' In this study, lidocaine was injected
in combination with MeB to avoid local pain stimulation during injection at the lesion.

PHN can induce heterogeneously painful symptoms and negative sensory signs because different mechanisms can act
simultaneously in the same patient, which might be responsible for different manifestations.**** In addition, both clinical
manifestations and pathophysiologic mechanisms usually change with time.*> A subset of patients complained of
continuous pain, paroxysmal pain, allodynia, itching, and numbness. With local therapies, the number of patients with
various subtypes of pain and pain intensity changed. These scores at the local treatment endpoint revealed that local
therapy had statistically significant effects on most pain subtypes (p<0.05). This finding suggested that local MeB
injection could significantly reduce different characteristics of pain and discomfort (Table 1). The conversion of pain
subtypes implied that our strategies did not focus on a particular type of pain but rather on repairing damaged-nerve
fibers. Symptoms in some subjects sustained or transformed into the tightness, allodynia, or itching, which implied that
tightness, allodynia, or itching did not respond well to MeB. Further studies are needed to confirm these findings in
a larger number of patients.

The clinical effectiveness of the 28-day treatment concerning pain relief was verified as the perceived overall change data
and the QoL based on the ZBPI and EQ-VAS data for 4 weeks, which showed significant benefits (P < 0.05, Table 1 and
Figure 4).

The results of this study demonstrated that local MeB in combination with lidocaine injection had a significant analgesic
effect on pain in patients with SHN (P < 0.001), which is consistent with the results from the previous studies.’* However,
throughout the treatment process, it was found that the patient’s pain scores gradually decreased, but the pain level waved from
time to time. Therefore, we pay special attention to the influencing factors of patients’ pain fluctuation.
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Pain Fluctuations and Influencing Factors

After considering different periods of a day, pain level and phenotypes, group effect, time effect, ADL, and sleep quality,
the GEE was used to analyze the influencing factors. Table 2 showed the parametric estimated value based on the
collected data by ordinal logistic regression.

The pain of PHN could fluctuate to follow a circadian rhythm.*'° During treatment in this study, the pain level also
showed a progressive fluctuation with an obvious morning-evening difference. One possible explanation for this could
involve the dysregulation of inhibitory signals in spinal pain processing circuits, whereby a switch from presynaptic
inhibition to excitation in the dorsal horn could be responsible for the development of pain sensation in response to non-
noxious stimuli, plays an important role in neuropathic pain conditions.**%

At the same time, the results of this study found that changes in the circadian rhythm of pain were related to some
factors, such as pain levels, pain types, and ADL. Taking the pain fluctuation at the time of enrollment as the basic point,
the pain fluctuation increased by 1.39 (95% CI [1.04, 1.87]) folds for an additional 14-day treatment. Three weeks of
treatment had less effect on pain fluctuations than two weeks of treatment, suggesting that the pain fluctuation ranges
decreased as the pain reduced.

As pain levels increased, the pain volatility surged considerably, suggesting that moderate and severe pain had
a significant pain oscillation. Especially pain intensity at the 5 and 7 scores, the partial regression coefficient was higher
than that at the 6 and 8 scores, indicating other factors might interfere with the pain fluctuation.

The allodynia and pruritic phenotype had a significant causal relationship with pain fluctuations, the WALD y* were
7.61 (allodynia) or 12.74 (itching), respectively. Taking the pain fluctuation of continuous pain as the basic point, the
allodynia increased by 1.42 (95% CI [1.11, 1.82]) folds of pain fluctuation. Bumgarner et al observed that male mice
exposed to dim light at night could induce cold hyperalgesia and mechanical allodynia.*® Allodynia is strongly related to
sleep quality.®” Clinically, some patients with zoster-related trunk allodynia often complained that local skin could not
touch clothes and quilts. Gently touching can often induce tenderness and affect sleep. In contrast, the itching increased
by 1.79 (95% CI [1.30, 2.46]) folds of pain fluctuation. Some patients with zoster-related pruritus often complained that
their itching worsened at night and could not help scratching. After scratching, the pain attack occurred Immediately.
Scratching is almost always worse at night when it can undermine sleep.®® The results in this study were consistent with
the descriptions of others.®¢*’

This study found that when the pain was severe, the patients could not move their limbs because of pain, and most of
the patient’s ADL intensities were only 0—1 level, so the pain fluctuation was small. The nature of housewives at this age
is always wanting to do some housework within their ability.”®’' When the pain was gradually relieved, most of the
women wanted and dare to engage in activities such as household chores. The pain intensity did not change significantly
during limb movement and even felt a little relaxed. However, when they finished their work, they would feel the pain
worsen during rest, which continues until night, affecting sleep. The effect of limb movement on pain lasted longer and
was more volatile than the circadian rhythm of pain. Maintenance of IADL is crucial to keeping independent life. Higher
level functional capacity such as IADL depends on muscle activities, limb movement, and dynamic postural adjustments.
The dynamic stretching of skeletal muscle is multi-component, which includes the neurodynamic changes, that would
result from an interaction between stretching, contraction, and movement.”® The neurodynamic effects of limb move-
ments on axon strain, stress, and tension have not been fully studied during the more terminal ranges of movement.”
ZAP is an immediate and delayed neuropathy caused by neurotropic VZV reactivation.”*°® VZV is mainly latent in the
nucleus and cytoplasm of neurons in the dorsal root ganglia.”® Reactivated and subsequently replicated VZVs in neural
cells exhibit anterograde axonal transport to the skin.’'*” Contrary to common infectious diseases, the destruction of
axons in the subcutaneous plexus by VZV occurs from the inside out.>® During physiological limb movement, complex
biomechanical changes occur in peripheral nerves, consisting of longitudinal and transverse nerve excursions and
changes in diameter rather than anatomical elongation.”® Normal strain tolerances for peripheral nerve tissue are between
6% and 8%, with damage occurring at 11% strain, due to demyelination or axonal tears.”® We had reasons to speculate, in
SHN patients with moderate to severe pain, the VZV-induced damaged axons also had a change of strain tolerances. The
results of this study implied that limb weight-bearing movement of ADLs aggravated axonal stretch, strain, and tension,
exacerbated the fluctuation of pain, and worsen pain levels.

1278 https: Journal of Pain Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Xu et al

A previous study concluded that sleep shortage was associated with an increased risk for PHN, and hyperesthesia and
acute pain intensity appeared to mediate this association.”® Evidence supports a reciprocal relationship between pain and
sleep in which pain disturbs sleep, and poor sleep enhances pain.'°*'°" A reciprocal relationship has been noted between
sleep and chronic pain, especially for those with a status of widespread pain.'®*'*> The WALD 4? of trouble sleeping had
statistically significant, suggesting that there was an interactive relationship between sleep quality and pain volatility. We
analyzed the impact of pain fluctuation on sleep from the perspective of interaction. From Wald’s test, the pain fluctuations
were the significant causes of trouble sleeping. Taking the “able to fall asleep without being woken up” as the basic point,
pain fluctuations increased by 2.43 (95% CI [1.21, 4.88]) folds of “unable to fall asleep after waking up”, and increased by
2.80 (95% CI[1.30, 6.04]) folds of “difficulty falling asleep due to pain”. The interaction between allodynia and itch pain
with trouble sleeping was more intense.®”®® The results of this study indicated that interactions between difficulty falling
asleep with pain fluctuations were pronounced, which was consistent with the descriptions of others.'%%!°!

The pain fluctuations had no statistically significant cause-effect relationship with the groups and pain area.

Combining these results, we could conclude that local MeB in combination with lidocaine injection produced
significant pain relief from SHN. Secondly, the pain levels in patients with SHN had an obvious circadian rhythm; the
patient's pain often fluctuated repeatedly during treatment, which was consistent with the tendency of neuropathic pain to
be worst during the night.” In an analysis of the influencing factors, we found pain intensity and subtypes, treatment time,
doing ADLs, or sleep quality were complex interrelationships with pain volatility: the pain of SHN disturbed sleep, and
in turn, the sleep interference exacerbated the pain. On the other hand, limb movement by ADLs was the external
influencing factor for pain fluctuations. The circadian rhythm of pain manifested as aggravation from 8.75 folds in the
afternoon to 79.85 folds in the night, which ultimately worsen pain, interfered with their sleep and undulated the
continuation and stability of the treatment responses.

A growing body of research shows exercise has an impact on many biological systems, including the nervous system,
leading to a focus on exercise as a means of pain reduction.'® Activities associated with daily living such as walking,
housework, and gardening can be supplemented by activities typically considered to be exercise. However, exercise is
a double-edged sword,'®® not all measures of pain improve following exercise training.'® When the pain score was 6-8,
patients were not in the mood to do anything and were unable to participate in any housework, so the pain fluctuations mostly
reflected the circadian rhythm of SHN itself. On the contrary, when the mean pain was a 5 score, some women did do
something. After doing ADLs, the pain fluctuated (4.36 log OR folds) higher than that at the 6 scores of pain (3.86 log OR
folds). This result implied that ADLs were a significant influencing factor for neurodynamic changes in damaged axons.
Although only minor changes in nerve strain during ADLs or physical activities were reported in previous studies,'**'"’
increasing axonal tension by limb weight-bearing movement may further hurt the VZV-destructed axons, resulting in pain
worsening after ADLs. With the prolongation of treatment, especially in the middle and late treatment stages, the pain scores
gradually decreased, then these women wanted and dared to do something. With the relief of pain, the effect of ADLs on pain
fluctuation was decreasing, which has no statistical significance. However, ADLs were a controllable influencing factor.
Taking into account the comprehensive benefits of the treatment, patients should engage in household chores as little as

possible during treatment, especially strenuous limb movement, to avoid stretching damaged axons and hindering treatment.

Follow-Up

In the PO group, subjects who completed the 28-day treatment but had a poor intensity score (>5) were considered
inadequate responders and were assigned to another local treatment sequence, assessed alone, and did not include in the
MI group. Therefore, the patients in the PO group did not follow up. Thirty-six subjects (90.00%) and 34 subjects
(84.81%) completed 3-month and 6-month followed up, respectively. The intention-to-treat data of participants’ pain
scores showed that the therapeutic effects continued beyond the treatment endpoint to the 6-month follow-up; however,
a small number of subjects reported some HZ-related discomforts, such as allodynia, itching, and paresthesia. The
incidence of PHN was 5.0% (2/40) at 3 months (Table 1).
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Limitations

Single-blind was a limitation in this study. The patients were informed that these treatment approaches were valid
interventions that had a realistic chance of being beneficial. Two physicians performed the local injections by a standard
protocol, to ensure less variance in injection technique. The physicians were also instructed to treat subjects in the two
groups with the same degree of rigor, enthusiasm, and optimism. The subjects were advised not to inform the observer
about the treatment they received. One independent physician who did not participate in clinical management and was
blinded to the subjects’ treatment allocation, carried out the assessments of the pain intensity and area on days 7, 14, 21,
and 28 of the treatment, and conducted the visits follow-up. One independent physician recorded the fluctuations in pain
level every period of the previous day, sleep state, and ADLs during everyday treatment.

Repeated injections every day inevitably left pinholes and pain in the treated region. In practice, our therapists strictly
disinfected and avoided the pinhole sign of the previous day. Compared with the pain of SHN, the pain of these pinholes
is only transient and subsides within 1 to 2 days.

The main outcome measures in this study were patient self-evaluation, especially the evaluation of pain fluctuation in
the form of recall. Due to the lack of a precise definition of pain fluctuation, recalling the pain state at that time was
inevitable to be affected by patients’ emotions, and the accuracy might not be high. However, when the patient’s pain
became worse, she would actively report the pain and sleep situation of the last night to the doctor during treatment,
which could truly reflect the patient’s pain fluctuation.

The psychological state not included in the evaluation index in this study, such as depression, anxiety, and irritability,
also interacted with the pain fluctuation. According to research reports, high body fat percentage and using proton-pump
inhibitors were significantly positively associated with poor health-related quality of life and depression in older
adults.'%®'% These associations appeared to be stronger in women than in men.'®® The number of older adults with
multimorbidity is surging around the world, so adverse drug events and potentially severe drug-drug interactions may
increase.''® "% These are underlying risks that need to be considered in future research.

This study only evaluated aged 55—65 years women with SHN. The results in this study do not represent all types of
patients equally.

Conclusion

This study validated the efficacy of local MeB combined with lidocaine injection for SHN. A significant reduction in the
pain scores and area following local injection plus lidocaine treatment compared with those before treatment or compared
with those following lidocaine plus oral treatment.

In addition, we confirmed that pain levels in patients with SHN had an obvious circadian rhythm, and pain levels
often fluctuated repeatedly during treatment. Its influencing factors included limb movement by ADLs, treatment time,
and some pain subtypes. Trouble sleeping had a reciprocal relationship with pain fluctuations. The groups and pain areas
had no cause-effect relationships with pain fluctuations. ADLs were a stronger but controllable influencing factor.
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