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Abstract 

Herpes zoster develops when latent varicella zoster virus is reactivated in the trigeminal or dorsal root 
ganglions. Zoster-associated pain (ZAP) is neuropathic pain caused by the herpes zoster virus. 
Histological studies of postherpetic neuralgia patients suggest that inflammation is involved in ZAP. The 
effectiveness of local anesthetic and steroid epidural injections in ZAP patients has been reported. 
However, most studies included patients with acute herpes zoster, and the safety and therapeutic effects 
of different doses of epidural steroids in ZAP patients remain elusive. In this study, we randomly assigned 
42 patients with severe ZAP beyond the acute phase, as determined by a numeric rating scale (NRS) 
score ≥7, to receive continuous epidural infusion of local anesthetics with either a one-time 5-mg dose or 
intermittent repeated doses (15 mg total) of dexamethasone. We found that intermittent repeated 
epidural dexamethasone bolus resulted in reduced NRS scores and an increased likelihood of complete 
remission in ZAP patients without any adverse effects. Thus, our results suggest that intermittent 
repeated epidural dexamethasone administration is safe and effective for treatment of ZAP beyond the 
acute phase. 

Key words: continuous epidural infusion, dexamethasone, epidural, local anesthetics, neuropathic pain, 
zoster-associated pain  

Introduction 
Herpes zoster is caused by the reactivation of 

latent varicella zoster virus in the trigeminal and 
dorsal root ganglion [1,2]. Zoster-associated pain is 
neuropathic pain resulting from peripheral nerve 
damage caused by the varicella zoster virus [3]. 
Zoster-associated pain can reduce one’s quality of life 
due to severe physical, psychological, social, and 
functional disturbances as consequences of chronic 
pain [4-7].  

Herpes zoster-associated neuropathic pain is the 
consequence of inflammatory neural damage 
secondary to virus reactivation [8], which destroys the 
affected central and peripheral nerves and leads to 
inflammation and an immune response. This is 
proposed to involve two processes: sensitization and 
deafferentation. Peripheral and central sensitization 
result from nerve damage-induced excitability of 

primary afferent neurons, inflammation, and 
nociceptor irritation, whereas deafferentation is 
caused by degeneration of nociceptive neurons and 
dorsal root reorganization because of a declining 
number of C-fibers and the sprouting of Aβ fibers [9]. 
These mechanisms suggest that appropriate analgesic 
and anti-inflammatory therapy may relieve 
postherpetic neuralgia (PHN) symptoms. 

PHN is the most common complication of herpes 
zoster. Despite the existence of many treatments, 
PHN remains difficult to manage and is refractory to 
most treatment modalities [10-12]. Previous studies 
have reported the effectiveness of epidural injections 
of local anesthetics and corticosteroids to control 
neuropathic pain in patients with zoster-associated 
pain [13-16]. Epidural anesthetics delivered to the 
distal portion of the spinal cord block central 
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sensitization and provide pain relief, and epidural 
steroids reduce inflammatory responses at the injured 
dorsal root ganglion, spinal cord, and surrounding 
peripheral tissue. However, most previous studies 
involved patients with acute herpes zoster, and few 
evaluated the effectiveness of epidural injections of 
local anesthetics and steroids in patients with PHN. 
Furthermore, no prior study has evaluated the 
therapeutic effects and safety of different doses of 
epidural steroids in patients with zoster-associated 
pain. 

In this study, we conducted a randomized 
controlled trial to compare the analgesic and 
therapeutic effects of one-time administration of 5 mg 
epidural dexamethasone with intermittent repeated 
total 15-mg epidural dexamethasone. We evaluated 
the efficacy and safety of continuous epidural 
infusions of local anesthetics with dexamethasone and 
studied the efficacy of intermittent epidural 
dexamethasone bolus for zoster-associated pain 
beyond the acute phase. 

Materials and Methods  
Study design and patient population  

The Hallym University Kangnam Sacred Heart 
Hospital institutional review board approved the 
protocol for this prospective, double-blind, 
randomized controlled trial (reference number 2019- 
04-011), and the trial was registered at ClinicalTrials. 
gov (NCT03995563, Principal investigator: J.E.K) prior 
to patient enrollment. Each participant provided 
written informed consent before undergoing any 
study-associated procedures. The study was 
conducted from June 2019 to February 2020 and 
included patients admitted to our pain clinic for 
zoster-associated pain rated as ≥ 7 on a numeric rating 
scale (NRS). We included only those patients who 
were beyond the acute phase of herpes zoster: 
specifically, 30 to 180 days after onset of the zoster 
rash. Patients were excluded if they met any of these 
criteria: 1) past or present conditions that may 
influence study participation, safety, or interpretation 
of the study results, such as cancer, severe diabetes, or 
a psychological, neurologic, liver, cardiac, hemato-
logic, genitourinary, muscular, or dermatologic 
disorders; 2) current immunocompromised state; 3) 
herpes zoster involving the trigeminal nerve; 4) 
previous epidural block treatment for zoster- 
associated pain 5) epidural catheter discontinued 
before completing 10 days of continuous epidural 
infusion; 6) hemostatic disorder or receiving 
antiplatelet therapy; and 7) not an appropriate study 
participant, according to the opinion of the 
investigators. The study process was explained to all 

patients, and participants were instructed how to use 
the NRS for pain (ranging from 0 = no pain to 10 = 
worst pain imaginable). All participants received oral 
medications consisting of anticonvulsants, 
amitriptyline hydrochloride, and analgesics, as 
needed. Doses of oral medications were adjusted for 
age and renal function, and the drugs were tapered 
according to symptoms. 

Randomization 
We used a computer-generated randomization 

schedule (www.randomizer.org) to generate a 
random allocation sequence. Patients were assigned at 
random in a 1:1 ratio to 1 of 2 groups, which differed 
according to whether a single dose or repeated doses 
of dexamethasone were administered. After patients 
entered the procedure room, another investigator 
(who had no other role in the conduct of the study) 
opened a sealed, opaque envelope containing the 
patient’s group assignment. The patients were 
unaware of the group to which they were assigned. 

After continuous epidural catheter placement, 
patients in group A received a continuous epidural 
infusion of local anesthetic and a one-time bolus of 5 
mg dexamethasone and 0.19% ropivacaine; patients in 
group B received a continuous epidural infusion of 
local anesthetic and intermittent repeated boluses of 
dexamethasone and 0.19% ropivacaine, to a total of 15 
mg dexamethasone (Figure 1). The study medication 
boluses were prepared in the procedure room by an 
anesthesiology resident who was not involved with 
the study. The resident used a table containing the 
instructions for preparing each 8-mL solution. The 
labels of all bolus syringes were hidden so neither the 
patients nor any of the medical staff in direct contact 
with the patients knew their contents. Outcomes were 
analyzed by a biostatistician who did not participate 
in the study in any other way and who knew nothing 
about the study except its design.  

Procedure 

Group A: One-time 5-mg dexamethasone 
administration 

All patients received 1 g cefazolin intravenously 
prior to the procedure and assumed the prone 
position on the procedure table. Under fluoroscopic 
guidance, an 18-gauge Tuohy needle was advanced 
into the epidural space at the second or third vertebral 
level below the target level. The target level was 
identified based on the affected dermatomal 
distribution of rash and pain. A 20-gauge epidural 
catheter (EpiStimTM Sewoon Medical Co., Ltd., Seoul, 
Korea) was inserted through the Tuohy needle into 
the epidural space, and contrast medium was injected 
to identify placement of the catheter tip in the area of 
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the affected spinal nerve. Then we have confirmed 
that the level to be targeted was correlated to the 
affected dermatome by electrical nerve stimulation. 
After injection of an initial bolus of 0.19% ropivacaine 
and 5 mg dexamethasone (total of 8 mL), a continuous 
epidural infusion of ropivacaine (275 mL, 0.095%) was 
begun at a rate of 7 mL/h using the AutoFuser pump 
(ACE Medical Co., Ltd., Seoul, Korea), which is a 
portable balloon infusion device. The catheter was 
fixed in place with subcutaneous tunneling to 
minimize infection risk and performed daily dressing 
changes at the tunneling site. The continuous epidural 
infusion was maintained for 10 days. During the 
10-day period, patients in group A received an 8-mL 
bolus of 0.19% ropivacaine through the epidural 
catheter every 5 days. All patients (in groups A and B) 
were monitored in the recovery room for 30 minutes 
after each bolus injection. 

Group B: Intermittent repeated total 15-mg 
dexamethasone administration 

Patients in group B also received 1 g cefazolin 
intravenously before the procedure and assumed a 
prone position on the procedure table. As with group 
A, an 18-gauge Tuohy needle was advanced into the 
epidural space, through which a 20-gauge epidural 
catheter was inserted into the epidural space to reach 
the affected spinal level. After confirming the position 
of the catheter tip using C-arm imaging and electrical 
nerve stimulation, an initial bolus injection of 0.19% 
ropivacaine and 5 mg dexamethasone (total of 8 mL) 
was administrated through the epidural catheter. 

Similar to group A, a continuous epidural infusion of 
ropivacaine (275 mL, 0.095%) was begun at 7 mL/h 
using the AutoFuser pump and maintained for 10 
days. Unlike group A, patients in group B received 
0.19% ropivacaine and 2.5 mg dexamethasone (total of 
8 mL) via the epidural catheter every 5 days over the 
10-day infusion period. They also received a final 
epidural injection of 0.19% ropivacaine and 5 mg 
dexamethasone (total of 8 mL) 2 weeks after the 
epidural catheter was removed (Figure 1).  

Outcome assessments 
A staff anesthesiologist who was blinded to the 

patients’ group assignments collected the following 
data: sex, age, level of the involved dermatome, time 
from onset of herpes zoster rash to epidural infusion, 
and presence of diabetes, hypertension, or chronic 
obstructive pulmonary disease.  

The primary outcome measure was change in 
NRS pain score. We assessed whether pain scores 
significantly declined during the first 6 months after 
the procedure and calculated the percentage of 
patients with ≥ 50% reduction in pain severity (NRS 
scores) after treatment in each group. NRS pain scores 
and the percentage of patients with ≥ 50% reduction 
in severity of pain were compared between the two 
groups before and at monthly intervals from 1 to 6 
months after the treatment. The secondary outcome 
was complete remission of PHN. Complete remission 
was defined as an NRS pain score ≤ 2, resolved 
allodynia and hyperalgesia, and no longer requiring 
medical treatment. To assess the presence of allodynia 

 

 
Figure 1. Summary of drug boluses. Group A received a continuous epidural infusion of 0.095% ropivacaine with a one-time 5-mg dexamethasone and 0.19% ropivacaine bolus. 
Group B received a continuous epidural infusion of 0.095% ropivacaine with intermittent repeated boluses of dexamethasone (total of 15 mg) and 0.19% ropivacaine. 



Int. J. Med. Sci. 2020, Vol. 17 

 
http://www.medsci.org 

1814 

or hyperalgesia, we performed a touch/pressure test 
using a filament brush, a pinprick test using a 26G 
needle, and a cold swab test using alcohol-soaked 
cotton. The percentage of patients in each group with 
complete remission of zoster-associate pain was 
calculated and compared between groups. 

Statistical analysis 
Kolmogorov-Smirnov test was used to evaluate 

the normality of demographic data. Continuous 
variables are reported as mean ± standard deviation 
and were analyzed using independent t-tests. 
Categorical variables are reported as frequency and 
percentage and were analyzed using Chi-square or 
Fisher's exact tests. We used logistic regression 
models to estimate the odds of a ≥ 50% reduction in 
pain severity (NRS scores) or complete remission of 
PHN within 6 months of treatment.  

Based on our experience and data from a pilot 
study, the sample size was calculated with G*Power 
software (version 3.0.10) using the z test with a p1 
proportion of 0.9, p2 proportion of 0.5, error 
probability of 0.05, and power of 0.8. Using these 
parameters, we determined that 20 patients were 
required in each group to detect a sufficient effect size. 
We therefore designed the study with 22 patients per 
group, assuming a 10% drop-out rate. Data were 
analyzed using SPSS software (version 23, IBM Corp., 
Armonk, NY, USA) or SAS (version 9.4, SAS Inc., 
Cary, NC, USA), and P values < 0.05 were deemed 
statistically significant. 

Results 
A total of 60 patients were screened between 

April 2019 and February 2020: 10 failed to meet the 
inclusion criteria, and 6 did not agree to participate. 
Consequently, 44 patients were randomized (22 per 
group), and 42 were included in the final analysis (as 
shown in Figure 2). Age, sex, presence of underlying 
disorders, level of involved dermatome, time from 
rash onset to continuous epidural infusion, and 
pre-treatment NRS scores were similar between 
groups A and B (Table 1). 

NRS pain scores were lower after treatment than 
before treatment in both groups’ at all follow-up 
times. When post-procedure pain scores were 
compared between groups, patients in group B 
(intermittent repeated total 15-mg dexamethasone 
administration) exhibited significantly lower pain 
scores than patients in group A (one-time 5-mg 
dexamethasone administration) at each month after 
treatment (P < 0.05) (Figure 3).  

The percentage of patients with ≥ 50% reduction 
in pain severity was not significantly different 

between groups (P = 0.110). However, the percentage 
of complete remission of PHN was significantly 
higher in group B than in group A (28.57% in group A 
vs 80.95% in group B, P = 0.001; odds ratio [OR] 10.63, 
95% confidence interval [CI] 2.51–44.98) (Table 2).  

No serious procedure-related complications 
were detected in either group A or group B. 
Specifically; no patient developed an epidural 
hematoma, infection, or abscess. 

 

Table 1. Patient characteristics in both groups. Baseline 
characteristics were not significantly different between groups. 
Group A: one-time 5-mg dexamethasone administration group; 
Group B: intermittent repeated total 15-mg dexamethasone 
administration group; NRS, numeric rating scale; SD, standard 
deviation. 

 Group A  
(n = 21) 

Group B  
(n = 21) 

P-value 

Age (years), mean ± SD 64.67 ± 13.06 67.43 ± 9.85 0.444 
Sex, (male/female) n 7/14 10/11 0.346 
Presence of underlying disease, n (%) 
None 9 (42.86) 9 (42.86) > 0.999 
Hypertension, n (%) 12 (57.14) 10 (47.62) 
Diabetes mellitus, n (%) 3 (14.29) 4 (19.05) 
Chronic obstructive pulmonary disease, 
n (%) 

2 (9.52) 2 (9.52) 

Level of involved dermatome, n (%) 
Cervical 1 (4.76) 2 (9.52) 0.740 
Thoracic 16 (76.19) 17 (80.95) 
Lumbar 4 (19.05) 2 (9.52) 
Time from rash onset to continuous 
epidural infusion (weeks), mean ± SD 

10.95 ± 7.29 10.14 ± 5.87 0.694 

Pre-treatment NRS score, mean ± SD 8.48 ± 0.93 8.29 ± 0.90 0.504 

 

Discussion  
In this randomized, controlled trial, continuous 

epidural local anesthetic infusion with intermittent 
repeated dexamethasone administration provided 
excellent analgesia for herpes zoster-associated pain, 
allodynia, and hyperalgesia beyond the acute phase. 
Pain relief persisted during the 6 months of follow-up 
and was not accompanied by adverse effects.  

The beneficial effects of epidural dexamethasone 
have been attributed to interruption of neurogenic 
inflammation and promotion of nerve tissue repair by 
reducing edema, as well as cytotoxic 
responses [17-19]. In addition, epidural local 
anesthetic infusion blocks nociceptive input at distal 
portion of the spinal cord (i.e., in the dorsal root 
ganglion, spinal nerve roots, and peripheral regions of 
the cord), providing analgesia and interrupting 
sensitization [20-23]. Through these mechanisms, 
continuous epidural infusion of local anesthetic and 
dexamethasone reduced pain in both of our study 
groups, compared with before treatment, and 
effectiveness was greater in patients who received 
intermittent epidural dexamethasone bolus. 
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Figure 2. CONSORT flow diagram. 

 
Figure 3. Changes in numeric rating scale (NRS) pain scores over time. Patients in both groups exhibited significant reductions in NRS scores at all time points after treatment, 
compared with the pre-treatment value, but patients in group B (intermittent repeated total 15-mg dexamethasone administration group) had significantly lower NRS scores than 
patients in group A (one-time 5-mg dexamethasone administration group) at all post-treatment times. *P < 0.05 versus pre-treatment NRS score. #P < 0.05 versus group A. 
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Table 2. Between-group comparisons of reduction in pain severity and complete remission. Complete remission was defined as an NRS 
score ≤ 2, resolved allodynia and hyperalgesia, and no longer requiring medical treatment. Data were analyzed by logistic regression 
analysis. The odds of ≥ 50% reduction in pain severity and complete remission were 6.25-times and 10.625-times higher, respectively, for 
group B than for group A. Group A: one-time 5-mg dexamethasone administration group; Group B: intermittent repeated total 15-mg 
dexamethasone administration group; OR, odds ratio; CI, confidence interval; NRS, numeric rating scale.  

 Reduction in pain severity Complete remission 
≥ 50% reduction  
in pain severity 

< 50% reduction  
in pain severity 

OR (95% CI) P-value NRS score ≤ 2,  resolved 
allodynia and hyperalgesia 

NRS score > 2, 
persisted allodynia 
and hyperalgesia 

OR (95% CI) P-value 

Group A, n (%) 16 (76.19) 5 (23.81) Reference  6 (28.57) 15 (71.43) Reference  
Group B, n (%) 20 (95.24) 1 (4.76) 6.25 (0.66-59.03) 0.110 17 (80.95) 4 (19.05) 10.63 (2.51-44.98) 0.001 

 
 
Although the pathogenesis of PHN is not fully 

understood, herpes zoster is known to affect the 
central and peripheral nervous systems, resulting in 
PHN [24,25]. PHN-related neuropathic pain is caused 
by inflammatory neural damage produced by the 
varicella zoster virus [26]. Two mechanisms of PHN 
have been proposed, including sensitization and 
deafferentation [27,28]. Sensitization is caused by loss 
of γ-aminobutyric acid inhibitory neurons in the 
dorsal root ganglion after nerve injury, as well as 
reduction of the nociceptor threshold induced by 
inflammatory mediators, such as histamine, substance 
P, and various cytokines [29,30]. This sensitization 
causes spontaneous pain and hyperalgesia. 
Deafferentation is caused by dorsal root 
reorganization, resulting from a decline in the number 
of C fibers and the sprouting of Aβ fibers [27,29], 
which rewire in the dorsal root ganglion and connect 
with the pain-transmitting spinothalamic tract, 
thereby producing allodynia and paresthesias. These 
mechanisms suggest that appropriate analgesic and 
anti-inflammatory therapy could relieve the 
symptoms of PHN. 

Histopathologic studies in humans indicate that 
inflammatory processes may be involved in the 
development of PHN. In a postmortem study, Watson 
et al. reported that infiltration and accumulation of 
immune cells occurred around the spinal cord and 
nerves of patients with PHN [31]. This inflammatory 
component of PHN suggests that anti-inflammatory 
treatment may reverse or at least limit progression of 
the disorder. Corticosteroids act directly on 
membranes to prevent ectopic discharges from C 
fibers and provide analgesia by inhibiting the 
transmission of nociceptive input [32-34]. As potent 
inhibitors of inflammation, steroids also suppress 
concomitant edema-induced ischemic nerve damage 
and reduce deafferentation processes [35,36]. 

Previous studies have shown that intrathecal 
methylprednisolone relieves PHN-related pain and 
allodynia [11, 37-39]. In these studies, intrathecal 
methylprednisolone was associated with reduced 
cerebrospinal fluid concentrations of interleukin-8, 
suggesting that this treatment reduced pain and 

allodynia by decreasing an ongoing inflammatory 
reaction. However, intrathecal methylprednisolone 
produced serious complications, including chemical 
or aseptic meningitis, cauda equina syndrome, 
transverse myelitis, lumbar radiculitis, chronic 
arachnoiditis, urinary retention, and intractable 
headaches [40,41]. Neurotoxicity from intrathecal 
corticosteroids has been ascribed not only to the 
steroid but also to co-delivered local anesthetics, 
hyperbaric mixtures, or preservatives (e.g., 
polyethylene glycol, benzalkonium chloride, benzyl 
alcohol) in the steroid solution [42]. Currently, 
methylprednisolone is not approved for intrathecal 
administration because of its severe adverse effects, 
including arachnoiditis [43]. 

In this study, we used continuous infusion of 
dexamethasone administered epidurally, instead of 
via the intrathecal route, in patients with 
zoster-associated pain beyond the acute phase. This 
treatment reduced NRS pain scores in all 42 patients 
in our study, and intermittent repeated 
administration of dexamethasone was more effective 
in alleviating zoster-associated pain, allodynia, and 
hyperalgesia than one-time dexamethasone 
administration. The herpes zoster viral burden settles 
in the dorsal root ganglion of the affected segment, 
and it produces nerve and tissue damage. Epidural 
drug administration targeting the affected spinal root 
applies the drug directly at the area of the pathologic 
nerve and effectively controls zoster-associated pain, 
while avoiding systemic adverse effects and 
neurotoxicity. There have been no reports of serious 
complications with epidural steroid administration 
for zoster-associated pain, unlike the serious adverse 
effects reported with intrathecal methylprednisolone. 

There are some limitations in the current study. 
There was no control group of patients who received 
no epidural steroids. Because previous reports 
indicated that neuropathic pain associated with 
herpes zoster arises from inflammatory neural 
damage and that epidural steroids and local 
anesthetics are highly effective for acute herpes zoster 
pain [13,14,21], we considered a control group of 
patients receiving an epidural infusion of local 
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anesthetic alone (without corticosteroid) to be 
unethical. Another limitation was that we enrolled 
patients 30 to 180 days after onset of the herpes zoster 
rash and therefore did not include patients with 
“well-established” PHN. Dworkin et al. defined 
herpes zoster-related pain persisting longer than 6 
months after rash onset as “well-established PHN” 
[44]. However, pain persisting > 180 days after rash 
onset has a low likelihood of improving, and patients 
with “well-established” PHN are unlikely to 
experience reductions in pain or complete remission 
[45]. Thus, we designed the current study to evaluate 
the effectiveness of intermittent epidural 
dexamethasone bolus in patients with 
zoster-associated pain beyond the acute phase, while 
excluding those with “well-established” PHN. We 
plan to include patients with established PHN in 
future studies investigating the effectiveness of 
epidural corticosteroids. 

In conclusion, continuous epidural infusion of 
local anesthetics with intermittent repeated 
dexamethasone administration resulted in a greater 
reduction in pain and likelihood of complete 
remission than one-time bolus of dexamethasone. 
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