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A B S T R A C T

Objectives: This study aims to evaluate the treatment response to thoracic paravertebral block (PVB) in thoracic 
herpes zoster (HZ) pain based on the contrast spreading pattern.
Methods: Patients with HZ pain who underwent thoracic PVB under fluoroscopy were retrospectively analyzed. A 
comparative analysis of the treatment response was conducted between patients with epidural spread (ES group) 
and those without epidural spread (NES group) at the first visit after PVB. The treatment response was deter
mined by setting the minimum clinically important difference (MCID) as a reduction of more than 1 point on the 
pain numerical rating scale (NRS). In addition, the treatment responses were compared according to prevertebral 
spread, intercostal spread, and segmented medial spread (base, foraminal, and subarticular-central spread). The 
NRS score was assessed at baseline and 3 days, 2 weeks, 1 and month after PVB. Generalized estimating equation 
(GEE) analysis was performed to identify the factors associated with the treatment response over time.
Results: In total, 48 patients were enrolled (ES, n = 21; NES, n = 27). The ES group had a higher proportion of 
patients with the treatment response than the NES group (p = 0.025). However, there was no significant dif
ference in the treatment response according to prevertebral, intercostal, and segmented medial spread. In both 
groups, the mean NRS scores significantly decreased over time. Comparisons between groups at each time point 
were not significantly different. The GEE analysis showed that the duration after rash onset was the only 
significantly related factor in treatment response.
Conclusions: Patients with HZ pain who had epidural spread in PVB showed a better treatment response than 
those who did not at the first post-PVB assessment. Other spreading patterns did not have a significant effect on 
the treatment response. NRS decreased over time with no differences between groups. Only the duration after 
rash onset affected the longitudinal treatment response. Additional research is required to verify the efficacy of 
epidural spread in PVB.

1. Introduction

Herpes zoster (HZ) is a viral infection characterized by a vesicular 
rash and pain that affects one or more adjacent dermatomes [1]. HZ 
occurs due to the reactivation of the varicella zoster virus (VZV) [2]. 
VZV remains dormant in dorsal root ganglion (DRG) cells after chick
enpox resolution, which is caused by the same virus [1]. VZV reac
tivation occurs in patients with decreased cell-mediated immunity 
owing to immune-suppressive conditions [2]. Immunocompromised 
conditions include aging, autoimmune diseases, malignancies, trans
plantation, and human immunodeficiency virus (HIV) [3]. Of these, 
aging is a common risk factor for HZ [4]. Pain can persist after the rash 

has resolved, potentially developing into postherpetic neuralgia (PHN), 
with the risk increasing as age advances [5]. PHN negatively affects the 
patients’ quality of life and can cause physical, occupational, and social 
impairments [6].

Thoracic paravertebral block (PVB) is a procedure of nerve block in 
which local anesthetics are injected into the thoracic paravertebral 
space (TPVS). The TPVS is a wedge-shaped space situated on each side of 
the thoracic vertebrae (Fig. 1) [7]. The boundaries of the TPVS consist of 
the vertebrae and intervertebral foramina medially, the parietal pleura 
anterolaterally, and the superior costotransverse ligament between the 
transverse processes posteriorly (Fig. 1) [7]. PVB leads to an ipsilateral 
blockade of both the somatic and sympathetic nerves across several 
adjacent thoracic dermatomes. It is effective for treating pain 
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originating unilaterally from the chest and abdomen [7]. Therefore, PVB 
has been used to treat unilateral origin pain caused by HZ and PHN 
[8–11].

The anatomical configurations of the TPVS facilitate the injected 
drug during PVB to spread, typically in cephalad and caudal directions, 
and potentially in three directions: anterior (prevertebral), lateral 

(intercostal), and medial (epidural) (Fig. 1). Epidural spread during PVB 
has the effect of epidural block (EB). EB is a method of nerve block in 
which anesthetic agents are injected into the epidural space [12,13]. 
Since EB is known to be effective in treating HZ [14,15], a positive effect 
of epidural spread in PVB can be expected.

At our institution, PVB was performed for HZ patients with moderate 
and severe pain, lack of response to standard medications, or high-risk 
factors for PHN. In this study, we analyzed the efficacy of PVB in HZ- 
related pain. There has been no study on the efficacy according to the 
pattern of drug spread during PVB in thoracic HZ pain. This observa
tional, retrospective study was conducted with the assumption that 
epidural spread in PVB would be associated with a good treatment 
response. To confirm this, we assessed treatment efficacy based on the 
spreading pattern of contrast agent during PVB under fluoroscopy in HZ 
patients.

2. Methods

2.1. Study design

This retrospective study received approval from the Institutional 
Review Board of Konyang University Hospital, Daejeon, Korea, in July 
2023 (KYUH 2023-06-035). The clinical data of HZ patients (aged 20–90 
years) treated with PVB, between June 2019 and May 2023, were 
analyzed. Patients were divided into two groups: the ES group (patients 
with epidural spread of contrast) and the NES group (patients with non- 
epidural spread of contrast). Medical records before the first PVB were 
reviewed for patient demographics, duration after rash onset, pain in
tensity based on the numeric rating scale (NRS), and PVB location 
(right/left) and level (T1–4, T5–8, and T9–12). NRS scores were evalu
ated up to 1 month after the first PVB, and complications were 

List of abbreviations

HZ herpes zoster
VZV varicella zoster virus
DRG dorsal root ganglion
HIV human immunodeficiency virus
PHN postherpetic neuralgia
PVB paravertebral block
TPVS thoracic paravertebral space
EB epidural block
NRS numeric rating scale
STROBE strengthening the reporting of observational studies in 

epidemiology
ZBPI Zoster Brief Pain Inventory
BPI Brief Pain Inventory
DH dorsal horn
SSEP somatosensory evoked potential
PN peripheral nerve
AP anteroposterior
MCID minimum clinically important difference
CI confidence interval

Fig. 1. Thoracic paravertebral space and paravertebral block. Ant.: anterior; prevertebral spread, Lat.: lateral; intercostal spread, Med.: medial; epidural spread, Fz 
(red area): foraminal zone, Sz (green area): subarticular zone, Cz (blue area): central zone, DRG: dorsal root ganglion, DH: dorsal horn, Vb: vertebral body, Tp: 
transverse process, SCTL: superior costotransverse ligament, Sp: spinous process. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.)
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investigated during that period. Complications included nausea, vom
iting, hypotension, pneumothorax, and dural puncture. A comparative 
analysis of treatment responses was conducted between the two groups. 
All patient data with personally identifiable information were excluded. 
This study was conducted following the STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) guidelines [16].

2.2. Patient eligibility

At our institution, PVB was administered to thoracic HZ patients 
presenting with moderate and severe pain with an NRS score ≥4, 
inadequate response to standard medications including appropriate 
antiviral therapy, or high-risk factors for PHN, including advanced ages 
(≥50 years), severe acute pain, or extensive and severe rash [17]. In this 
study, the efficacy of PVB for HZ-related pain was analyzed. Pain was 
assessed with the NRS based on symptom such as spontaneous pain (e.g., 
burning, throbbing, aching, stabbing, electric-shock like) and 
stimulus-evoked pain, including allodynia (pain from non-painful 
stimuli) or hyperalgesia (exaggerated pain from painful stimuli) [18]. 
While many clinicians have attempted to differentiate acute herpetic 
neuralgia from chronic herpetic neuralgia, no clear consensus exists on 
defining chronic herpetic neuralgia, or PHN [17]. Recent studies suggest 
defining three phases of pain following HZ: (1) acute herpetic neuralgia, 
pain within one months of rash onset; (2) subacute herpetic neuralgia, 
pain bridging the acute phase to chronic PHN; and (3) PHN, pain lasting 
beyond three months post-rash. PHN persisting six months after rash 
onset is likely to remain for years, qualifying as “well-established” PHN 
[17,18]. Based on this criterion, this study aimed to analyze HZ patients 
who had not developed PHN and underwent PVB within 3 months of 
rash onset, which is a generally accepted cutoff point for PHN diagnosis 
[2,14,17,18]. In addition, this study set a minimal threshold of clinically 
significant HZ pain intensity at an NRS score of 3. This threshold is based 
on a previous study that established the Zoster Brief Pain Inventory 
(ZBPI) pain scores ≥3 as a cutoff to evaluate the impact of interventions 
in patients with HZ pain [19]. The ZBPI, a tailored assessment tool for 
HZ pain evaluation, utilizes a 0–10 numeric and visual pain intensity 
scale, adapted from the Brief Pain Inventory (BPI) [19]. Ultimately, 
inclusion and exclusion criteria for this study were as follows: the in
clusion criteria were (a) a diagnosis of HZ, (b) skin lesions present on 
dermatomes innervated by the spinal nerves T1–12, and (c) one or more 
PVBs with C-arm fluoroscopic guidance and the exclusion criteria were 
(a) NRS score <3, (b) missing NRS records on the first visit after PVB, (c) 
PVB performed 3 months after rash onset, (d) PVB performed using 
other approaches, such as retrolaminar and erector spinae plane blocks 
[20], and (e) simultaneous pain resulting from diseases other than HZ, 
such as spinal cord injury, complex regional pain syndrome (CRPS), or 
pain after spine surgery.

2.3. Paravertebral block (PVB)

All PVB were performed under fluoroscopy by a pain clinic specialist 
with at least five years of clinical experience. The patient was placed in 
the prone position. After identifying the targeted level by ante
roposterior (AP) view, the skin was sterilized and draped. The entry 
point was the lower edge of the thoracic transverse process above the 
target point and 2–3 cm lateral to spinous processes. After a 3 mL of 1 % 
lidocaine infiltration, a 22-gauge Tuohy epidural needle was inserted 
using a tunnel vision into the TPVS. After contacting the lower border of 
the transverse process, the needle was walked off inferiorly and 
advanced 1–1.5 cm into the TPVS until a “pop” sensation was felt. This 
sensation is typically subtle as the needle passes through the superior 
costotransverse ligament. After confirming the needle position and 
paravertebral spread with 3 mL contrast (Omnipaque 300 mg/mL) 
under fluoroscopy, 10 mL of 0.2 % ropivacaine mixed with 5 mg dexa
methasone was injected.

This approach of PVB is a classic technique [7], and the method using 

fluoroscopy is based on previous studies [9,10]. A distinctive feature of 
this study’s approach is that the needle was initially directed to the 
transverse process above the target point. Anatomically, the two trans
verse processes are located above and below the target point, respec
tively. In previous studies [7,9,10], the needle was approached at the 
transverse process below the target point and walked off upward. The 
advantage of this study’s approach lies in avoiding needle trajectory 
interference with the rib anatomically adjacent superiorly to the trans
verse process. Additionally, this approach can avoid the transverse 
process appearing blurry due to overlapping with the rib on the fluo
roscopic image. The volume of anesthetic agents during PVB and the use 
of dexamethasone for anti-inflammatory effect were decided based on 
previous studies [9,10].

2.4. Radiologic evaluation

A single examiner performed all assessments of fluoroscopic images 
following PVB. Prior to the analysis, the research team reached a 
consensus on the interpretation of PVB images. The examiner stayed 
blinded to clinical outcomes during the entire evaluation. First, post- 
PVB fluoroscopic images were analyzed to assess the presence of 
epidural spread. Medial spread of the contrast agent during PVB may 
result in the contrast traversing the intervertebral foramen into the 
epidural space, potentially visualizing the nerve root sleeve on AP view 
[21] (Fig. 2). In this study, epidural spread was ultimately defined as a 
linear pattern of contrast that outlines the thecal sac enclosing the spinal 
cord, as assessed through AP and lateral views [21] (Fig. 2). The pres
ence of heterogeneous density with fat-induced vacuolation, a charac
teristic image of epidural contrast spread, was also evaluated [21] 
(Fig. 2). Next, the presence of prevertebral (anterior) and intercostal 
(lateral) spread was documented (Fig. 3). Prevertebral and intercostal 
spread were interpreted as drug dispersion to the sympathetic ganglion 
chain and the intercostal nerve, respectively (Figs. 1 and 3).

To localize spinal lesions, such as spinal stenosis, spinal canal regions 
are categorized in the axial plane into four zones: extraforaminal, 
foraminal, subarticular, and central zones. [22]. In this study, medial 
spread during PVB was stratified into three categories: 1) extraforaminal 
(base), 2) foraminal, and 3) subarticular-central spread (Figs. 1 and 4). 
Foraminal and subarticular-central spread were associated with drug 
delivery to the DRG and the spinal cord dorsal horn (DH), respectively 
(Figs. 1 and 4).

2.5. Evaluation of clinical outcomes

Patients with HZ typically received 2–3 consecutive PVBs at 
approximately 3–4 days intervals according to the treatment protocol at 
our institution. The primary outcome was the comparison of treatment 
response between the NES and ES groups using the NRS assessed at the 
first visit after PVB. The NRS score ranges from 0 (indicating no pain) to 
10 (representing the most intense pain imaginable). This study used the 
minimum clinically important difference (MCID) to determine the 
treatment response and defined the MCID threshold as a ≥ 1-point 
reduction on NRS scores. Although previous studies have generally 
suggested a 2-point reduction on the NRS as the optimal MICD threshold 
[23,24], the Initiative on Methods, Measurement, and Pain Assessment 
in Clinical Trials (IMMPACT) guidelines for chronic pain [23] stated that 
clinically meaningful thresholds may differ depending on the specific 
clinical condition. According to the IMMPACT recommendations, a 
1-point NRS reduction can be regarded as a clinically minimally 
important change in specific trials and practice. In addition, systematic 
review for acute pain [25] stated that no single value for the MCID could 
be meaningfully determined and presented the MCID as 0.8–4 point 
using the visual analog scale (VAS), a pain assessment tool comparable 
to the NRS. The VAS uses a 10 cm line with endpoints labeled 0 (no pain) 
and 10 (worst possible pain) to assess pain intensity. In this study, a 
short-term period of 3–4 days after the first procedure was used to 
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compare treatment response and considered challenging to anticipate 
significant changes (≥2-point NRS reduction) within this period. To 
optimize detection sensitivity, a 1-point NRS reduction was defined as 
the MCID, enabling the identification of subtle differences in early-phase 

responses. This criterion was also informed by a prior study [26] 
investigating postoperative pain management over a comparable time 
frame (several days), which identified the 1-point VAS reduction as the 
MCID.

Fig. 2. Contrast spreading pattern in the paravertebral block. A: epidural spread on anteroposterior (AP) view, B: epidural spread on lateral view.

Fig. 3. Contrast spreading pattern in the paravertebral block; A: prevertebral (anterior) spread, B: intercostal (lateral) spread.

Fig. 4. Segmentation of medial contrast spreading pattern in the paravertebral block; A: extraforaminal (base) spread, B: foraminal spread, C: subarticular- 
central spread.
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The secondary outcomes included the treatment responses stratified 
by prevertebral spread, intercostal spread, and segmented medial 
spread. NRS scores were evaluated at baseline and at 3 days, 2 weeks, 
and 1 month after PVB. Changes in NRS scores over time were compared 
between the groups and factors affecting the treatment response were 
analyzed. For missing NRS data, values between observation points were 
imputed using the means of adjacent measurements, while missing data 
after the final observation were addressed via the last observation car
ried forward (LOCF).

2.6. Statistical analysis

The sample size was determined based on a preliminary study, 
assuming an effect size of 0.5, power of 0.8, and α-value of 0.05 (two- 
tailed). A minimum of 48 patients were required considering an antic
ipated 10 % dropout rate.

Continuous variables were presented as mean ± standard deviation 
and assessed using the Student’s t-test or the Mann-Whitney U test. 

Categorical variables were expressed as frequencies (%) and compared 
via the Chi-square test or the Fisher exact test. Comparison of the 
number of patients with treatment response according to epidural 
spread in PVB was performed using the Chi-square test. Longitudinal 
NRS analysis was evaluated using repeated-measures analysis of vari
ance (ANOVA), followed by a t-test with the Bonferroni correction to 
compare between time points in groups. To evaluate longitudinal 
treatment response predictors, a generalized estimating equation (GEE) 
analysis was employed. All statistical analyses were conducted using 
SPSS Statistics (version 21.0; IBM Corp., Armonk, NY, USA), and results 
were regarded as statistically significant at a p-value <0.05.

3. Results

A total of 93 patients with HZ who underwent thoracic PVB were 
initially enrolled. Of these, 45 patients were excluded due to: NRS score 
<3 at baseline (n = 8), missing post-procedural NRS data at the first 
follow-up (n = 12), delayed PVB administration (>3 months after rash 

Fig. 5. Study flow diagram.
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onset) (n = 13), non-standard approaches (retrolaminar and erector 
spinae plane blocks) (n = 11), and concurrent non-HZ-related pain 
(CRPS) (n = 1). The final cohort comprised 48 patients, of which 21 
(43.8 %) had epidural contrast spread (ES group) and 27 (56.2 %) were 
classified as non-epidural spread (NES group) (Fig. 5).

There were no significant differences in patient demographics and 
procedure-related parameters between the two groups regarding age, 
sex, underlying disease (HTN and DM), pain intensity (NRS), duration 
after rash onset, PVB location and level, and complications (Table 1).

The ES group had a higher proportion of patients with the treatment 
response based on the MCID threshold (NRS reduction ≥1) than the NES 
group (χ 2(1) = 5.0, p = 0.025; Table 2). The patients with epidural 
spread in PVB showed a 3.86-fold increased likelihood of treatment 
response (95 % confidence interval [CI] = 1.15–12.91). However, there 
was no statistically significant difference in the treatment response with 
respect to prevertebral and intercostal spreading (Table 2). Similarly, 
the extent of medial contrast spreading (base, foraminal, and 
subarticular-central spread) did not correlate with treatment outcomes 
(Table 3).

Longitudinal NRS analysis revealed progressive pain reduction in 
both groups, with mean NRS scores at time points T1, T2, and T3 
showing sustained declines from baseline (T0). Values at T2, T3 ach
ieved statistical significance versus T0 (p < 0.05; Fig. 5). Comparisons 
between groups at individual time points showed no significant differ
ences (Fig. 6).

GEE analysis identified that longer durations after rash onset were 
inversely associated with therapeutic efficacy over time (adjusted odds 
ratio [OR] = 0.286, 95 % CI = 0.092–0.888, p = 0.030 for 1–3 months 
vs. reference: <2 weeks; Table 4).

4. Discussion

This study suggested that the epidural drug spread was associated 
with favorable treatment outcomes at the first post-PVB evaluation. 
Patients typically experience immediate pain relief after PVB, but dif
ferences in pain reduction status become apparent at 3–4 days post- 
procedure. In this study, the proportion of patients with sustained 
pain reduction was significantly higher when epidural spread occurred. 
Anatomically, epidural spread during PVB has EB-mediated effects 
through diffusion of anesthetic agents into the epidural space. The result 
of this study indicates the important role of simultaneously applying the 
EB effects when performing PVB in patients with HZ.

In South Korea, fluoroscopy-guided PVB is prioritized as the primary 
procedure option due to Korea National Health Insurance reimburse
ment restrictions. Consequently, PVB in patients with HZ was mainly 
performed under fluoroscopy at our institution. Meanwhile, ultrasound- 
guided PVB has recently become increasingly popular in treating acute 
and chronic thoracic pain and has also been applied to HZ patients [27]. 
The advantages of this ultrasound-guided procedure are its simplicity of 
performance and absence of radiological exposure [27]. However, the 
limitation of ultrasound lies in its inability to detect the potential 
spreading patterns of the injected drug during PVB. This constraint 
makes it difficult to confirm whether EB occurred during PVB.

For decades, EB has been attempted to treat patients with HZ and 
prevent PHN, with several studies reporting its efficacy [14,15,28–30]. 
EB is presumed to be effective in HZ by reducing inflammation and 
providing analgesic effects to the spinal cord and spinal nerve roots [15,
31]. The anti-inflammatory effects of EB inhibit sympathetic over
activity and reduce swelling-induced neural ischemia [31], and the 

Table 1 
Patient demographics and procedure parameters.

Total Group NES Group ES

(n = 48) (n = 27) (n = 21) p

Age (yr.) 66.2 ± 12.5 68.9 ± 12.2 62.8 ± 12.4 0.995
Sex ​ ​ ​ 0.288

Male 21 (43.8) 10 (37.0) 11 (52.4) ​
Female 27 (56.3) 17 (63.0) 10 (47.6) ​

HTN 14 (29.2) 8 (29.6) 6 (28.6) 0.936
DM 11 (22.9) 8 (29.6) 3 (14.3) 0.210
Pain intensity, NRS 5.8 ± 1.9 6.0 ± 2.0 5.6 ± 1.8 0.539
Duration of rash onset ​ ​ ​ 0.582
<2 wks 17 (35.4) 8 (29.6) 9 (42.8) ​
2 wks–1 mo 14 (29.2) 8 (29.6) 6 (28.6) ​
1 mo–3 mo 17 (35.4) 11 (40.8) 6 (28.6) ​

Location of procedure ​ ​ ​ 0.883
Rt. 20 (41.7) 11 (40.7) 9 (42.9) ​
Lt. 28 (58.3) 16 (59.3) 12 (57.1) ​

Level of procedure ​ ​ ​ 0.211
T1–4 21 (43.8) 10 (37.0) 11 (52.4) ​
T5–8 14 (29.1) 7 (26.0) 7 (33.3) ​
T9–12 13 (27.1) 10 (37.0) 3 (14.3) ​

Complications 0 0 0 ​

Data area expressed as the mean ± SD or number (%). HTN: hypertension, DM: 
diabetes mellitus, NRS: numeric rating scale. Wks: weeks, Mo: month(s).

Table 2 
Treatment response based on the spreading pattern of contrast.

Spreading pattern of contrast No response Response p

Epidural spread (Med.) ​ ​ 0.025
NES group 19 (70.4) 8 (29.6) ​
ES group 8 (38.1) 13 (61.9) ​

Prevertebral spread (Ant.) ​ ​ 0.971
No 13 (56.5) 10 (43.5) ​
Yes 14 (56.0) 11 (44.0) ​

Intercostal spread (Lat.) ​ ​ 0.411
No 5 (45.5) 6 (54.5) ​
Yes 22 (59.5) 15 (40.5) ​

Data area expressed as the mean or number (%).

Table 3 
Treatment response based on the segmented medial spreading pattern of 
contrast.

Spreading pattern of contrast No response Response p

Three categories of medial spread ​ ​ 0.063
Base 14 (63.7) 7 (33.3) ​
Foraminal spread 5 (83.3) 1 (16.7) ​
Subarticular-central spread 8 (38.1) 13 (61.9) ​

Data area expressed as the mean or number (%).

Fig. 6. Changes in pain intensity based on the numeric rating scale (NRS) score 
between the two groups after paravertebral block. *p < 0.05 compared to base 
NRS in each group. ES: epidural spread, NES: non-epidural spread.
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analgesic effects also inhibit sensitization by interrupting the accumu
lation of sustained nociceptive inputs [32]. The absence of epidural 
spread in PVB may limit these EB-mediated effects. The DRG in the 
spinal nerve roots is an essential site for nociceptive signaling [33], and 
extends its proximal terminal to the spinal cord DH. Persistent pain 
signaling to the DH via the DRG can trigger neuropathic pain, poten
tially progressing to PHN [33].Therefore, the DH and DRG represent 
important targets for managing HZ and preventing PHN.

Several studies have reported epidural drug spread in PVB [34–36]. 
In this study, epidural spread was also observed in 40 %, but this con
trasts with the incidence of approximately 70 % reported in previous 
studies [9,37]. This discrepancy may be due to procedural variations 
such as PVB technique or drug dosage. However, the method and dosage 
in PVB were not significantly different between the previous [9] and this 
study. The key distinguishing factor was the duration after rash onset 
before procedure. Makharita et al. [9] exclusively enrolled patients 
within one week of rash onset, whereas this study included participants 
with durations of up to three months. Prolonged HZ progression may 
impede epidural drug spread during PVB. Pathophysiologically, 
post-mortem studies of HZ patients have revealed severe hemorrhagic 
inflammation within the DRG, which resulted in widespread fibrosis of 
nerve cells in and around the DRG [2,38,39]. This process may lead to 
fibrosis and adhesion in the tissue surrounding the DRG and restrict drug 
penetration into the epidural space where the spinal cord is located 
during PVB. Additional studies are needed regarding this part.

Although EB is expected to have a positive effect on HZ treatment, it 
has some limitations. Especially, its effectiveness in preventing PHN 
remains controversial. A systematic review [14] recommended EB in HZ 
patients to prevent PHN. However, the review [40] by the International 
Association for the Study of Pain Neuropathic Pain Special Interest 
Group (NeuPSIG) disagreed. This is due to the lack of a high-quality 
randomized controlled trial (RCT) on the effectiveness of EB for PHN 
[32]. Interestingly, in two different RCTs, EB and PVB reported con
flicting results for the preventive effect on PHN. For example, in an RCT 
involving patients within a week of rash onset, a single EB did not 
demonstrate effectiveness in preventing PHN [31]. By contrast, in 
another RCT conducted during the same period, a single PVB showed 
significant preventive effectiveness [9]. These findings suggest that PVB 
may be more effective than EB during the early stages of HZ (<1 week 
after rash onset).

PVB has several advantages in the treatment of HZ. In thoracic PVB, 
local anesthetics with steroids are directly injected into the spinal nerve, 
encompassing the dorsal ramus, rami communicants, and sympathetic 
chains within the TPVS [9]. This approach induces a combined blockade 
of the somatosensory and sympathetic nervous system [10] and has 
anti-inflammatory effects on primary afferent C fibers [9]. Compared to 
EB, PVB achieves a better-quality of nerve blockade [35]. EB slightly 

attenuates somatosensory evoked potential (SSEP) [41,42], whereas 
PVB completely abolishes SSEP [43]. Furthermore, PVB enables a dense 
sympathetic blockade through direct diffusion of local anesthetics into 
the rami communicants and sympathetic chains (9,10). This effect al
lows pronounced vasodilation and increased perfusion at the site of 
nerve lesions [9]. Additionally, local anesthetics injected into the TPVS 
may also inhibit viral replication and prevent axonal transport, thereby 
limiting transneuronal viral dissemination [15]. Preclinical studies 
demonstrate that local anesthetics impede axonal transport even at 
subclinical concentrations [44,45]. Therefore, early PVB with local an
esthetics in HZ can inhibit the spread of VZV and alleviate peripheral 
nerve (PN) damage.

However, the therapeutic benefits of PVB in this study were limited 
in the absence of epidural spread. Thoracic PVB can target the inter
costal nerve (PN) that branches off from the spinal nerve. The presence 
of intercostal spread in PVB did not correlate with improved outcomes in 
this study. This was probably because patients after the early stages of 
HZ (>1 week of rash onset) were included in the study. Viral replication 
and PN injury predominantly occur during the early stages of HZ, after 
which central lesions appear [2]. Therefore, the therapeutic effects of PN 
may decrease over time without treatment for central lesions. Addi
tionally, prevertebral spread in PVB, where direct sympathetic blockade 
is expected, also failed to enhance the treatment response in this study. It 
is estimated that sympathetic-mediated mechanisms such as vasodila
tion may exert their effects primarily in the early stages of HZ. Impor
tantly, the only factor predicting the negative treatment response over 
time was the duration after rash onset in this study. Therefore, delayed 
intervention correlated with progressively poorer outcomes. These 
findings highlight the importance of timing in the efficacy of PVB for HZ. 
In addition, previous studies have shown that HZ-associated nerve 
injury progresses centrally to the DH within 9–12 days [15]. Conse
quently, early PVB intervention is recommended before central lesions 
occur, after which confirming epidural spread in PVB is needed to ensure 
drug spread to central lesions.

The DH and C-fibers are known to be crucial in the process of causing 
central lesions of neuropathic pain [46]. In HZ, acute nerve injury in
duces physiologically sensitization of C-nociceptors [47,48]. Prolonged 
C-fiber impulses lead to a progressive build-up in the response of the DH, 
which is called a wind-up [46]. This progressive hyperexcitability leads 
to central sensitization [49]. This process is mediated by pathologically 
sensitized C-fibers releasing neurotransmitters (e.g., glutamate and 
substance P) into the DH [46]. Therefore, targeted drug delivery to the 
DH is critical in preventing central sensitization. Epidural spread in PVB 
facilitates this effect by spreading drugs to the DH via the epidural space. 
In this study, better outcomes were obtained when drugs traversed the 
foraminal zone and reached the subarticular-central zone, where the DH 
is located. No therapeutic benefit was observed from the only spread to 
the foraminal zone, where the DRG is located [50]. These findings 
suggest the limited efficacy of DRG-targeted delivery and the necessity 
of DH diffusion for optimal therapeutic effect.

The NRS scores decreased progressively in both groups after the first 
PVB, and no intergroup differences were observed over time. The initial 
reduction in NRS was smaller in patients without epidural spread, but 
this effect diminished over time. At our institution, patients with HZ 
typically received 2–3 PVB sessions at 3–4 days intervals according to 
the treatment protocol. Even if epidural spread was absent during the 
first PVB, it is possible that it was present during subsequent PVBs. 
Consequently, repeated PVBs may have increased the likelihood of 
epidural spread in both groups, resulting in comparable treatment ef
fects between two groups over time. In previous study, even for EB, 
repeated single EB or continuous epidural catheter techniques are rec
ommended to prevent PHN [14]. Repeated or continuous epidural in
jections prevent the accumulation of persistent nociceptive signals and 
the development of central lesions. Therefore, repeated PVBs can lead to 
the effects of repeated EBs and are expected to amplify therapeutic ef
ficacy in HZ by disrupting peripheral and central sensitization.

Table 4 
Factors associated with treatment response using generalized estimating 
equation.

Variables Adjusted OR 95 % CI p

Age 1.019 0.984–1.055 0.300
Pain intensity, NRS 1.051 0.893–1.238 0.550
Duration of rash onset
<2 wks 1 (Ref.) ​ ​
2 wks–1 mo 0.853 0.420–1.733 0.660
1 mo–3 mo 0.286 0.092–0.888 0.030

Level of procedure
T1–4 1 (Ref.) ​ ​
T5–8 1.342 0.588–3.063 0.484
T9–12 0.424 0.144–1.251 0.120

Spread of contrast
NES 1 (Ref.) ​ ​
ES 0.733 0.336–1.598 0.435

NES: no epidural spreading, ES: epidural spreading. OR: odds ratio, CI: confi
dence interval. Ref: reference. Wks: weeks, Mo: month(s).
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This study has several limitations. First, the small sample size of 
enrolled patients and the high proportion of missing NRS data are 
notable limitations. NRS assessments were conducted by resident phy
sicians rotating on monthly shifts, with incomplete documentation 
observed during peak outpatient volumes due to variations in individual 
performance among clinicians. Patients with missing NRS scores at the 
first visit after PVB were excluded from the study, which led to reduced 
sample size and potential bias risk. Missing NRS scores assessed over 
time were replaced using the mean and LOCF. This method is straight
forward to implement, but risks compromising data integrity through 
outlier-amplified predictions or potential bias. Second, the evaluation of 
treatment response was based on defining the MCID as a ≥1 NRS 
reduction. This criterion may have led to false-positive treatment re
sponses by including patients who did not achieve adequate therapeutic 
improvement. When the standard MCID cutoff of 2 points on the NRS 
was applied in this study, the epidural spread group had a higher 
response rate (33.3 % vs. 18.5 %), but this difference was not statisti
cally significant (p = 0.240, OR = 2.20, 95 % CI = 0.58–8.32), There
fore, a rigorous prospective study with sufficient sample size is required. 
Third, although this study used the standard PVB technique under 
fluoroscopy, detailed procedural methods and drug dosage may vary 
among practitioners. This could lead to variations in the drug spreading 
patterns during PVB. If specific PVB techniques and drug dosage can 
reliably maintain high epidural spread rates, checking for epidural 
spread during PVB might become unnecessary. Fourth, the variation in 
the duration of rash among patients is another limitation. If the study 
included only patients with the early stages of HZ, the results may have 
differed. This study included acute and subacute HZ patients receiving 
PVB within 3 months of rash onset, but future research would provide 
more precise findings if it focuses only on acute patients with stricter 
criteria. Fifth, fluoroscopic image analysis was performed by a single 
examiner. Single-reader assessment risks intra-rater variability and un
detected bias from unvalidated inter-rater reliability.

5. Conclusions

In conclusion, patients with HZ pain who had epidural spread in PVB 
showed a better treatment response than those who did not at the first 
post-PVB assessment. Other spreading patterns, including prevertebral 
and intercostal, did not significantly affect the treatment response at the 
identical evaluation point. The segmented medial spread (base, foram
inal, and subarticular-central spread) also showed no difference in the 
treatment outcome. NRS scores decreased progressively in both groups, 
with no differences between groups over time. Only the duration after 
rash onset affected the longitudinal treatment effect. Therefore, it is 
helpful to check for epidural drug spread in PVB to enhance the thera
peutic effect in HZ. When considering PVB for the treatment of HZ, early 
administration and repeated PVBs are recommended. PVB appears more 
effective in the early stages of HZ, while EB may have better efficacy in 
later stages.

This study used a 1-point NRS reduction as the MCID threshold, 
which is lower than the typical 2-point standard, necessitating cautious 
interpretation of the clinical significance of the findings. Furthermore, 
while the NRS measures pain intensity, it overlooks the emotional and 
functional aspects that are essential to MCID frameworks. Further well- 
controlled studies that incorporate multidimensional pain endpoints are 
required to validate the clinical significance of epidural spread in PVB.
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