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Abstract

Purpose In patients with herpes zoster-associated pain (ZAP), magnetic resonance imaging (MRI) has revealed T2 high-
signal intensity zones (MRI T2 HIZ) in the dorsal horn of the spinal cord, associated with postherpetic neuralgia (PHN).
We retrospectively analyzed the relationship between PHN and MRI T2 HIZ in patients with refractory ZAP in the subacute
phase who underwent temporary spinal cord stimulation therapy (tSCS).

Methods This single-center, case—control study included patients who underwent tSCS for refractory ZAP between 2010
and 2018. MRIs were re-assessed for the presence of T2 HIZ in the dorsal horn of the spinal cord. Patients were divided into
T2 HIZ(+) and T2 HIZ(—) groups. Patients with a numerical rating score (NRS) >3 at the last visit were defined as PHN.
The NRS values and the incidence rate of PHN were compared between the two groups.

Results Of the 67 cases extracted, 38 were included in the analysis: 22 in T2 HIZ(+) group and 16 in T2 HIZ(—) group. No
significant differences were observed in background factors between the two groups. However, the T2 HIZ(+) group had a
significantly higher NRS at the final visit (T2 HIZ(+):3.8 £2.1, T2 HIZ(—):1.4+ 1.5; P<0.05) and had significantly more
patients with PHN than the T2 HIZ(—) group (T2 HIZ(+) vs. T2 HIZ(-), 15/22 (68%) vs. 3/16 (19%); odds ratio=8.67;
95% confidence interval, 1.7-63.3).

Conclusion T2HIZ is detected in more than half of refractory ZAP, and pain is more likely to remain after tSCS treatment
in the T2HIZ(+) group.

Keywords Herpes zoster - Magnetic resonance imaging - Postherpetic neuralgia - Refractory zoster-associated pain -
Temporary spinal cord stimulation

Introduction

Herpes zoster is characterized by skin rash and pain along
the dermatome due to reactivation of the varicella-zoster
virus [1]. The pain associated with herpes zoster is called
herpes zoster-associated pain (ZAP) [2]. While most of
the pain resolves spontaneously, some of the pain becomes
refractory and difficult to treat [1]. ZAP can be divided into
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three major groups based on the duration of illness from
onset, namely, as acute ZAP within the first month after
onset, subacute ZAP from 1 to 3 months after onset, and
chronic ZAP—also called postherpetic neuralgia (PHN)—
from 3 months after onset [1, 3]. PHN is a complication
of refractory neuropathic pain that occurs in 10-50% of
patients with herpes zoster and significantly impacts their
quality of life [1].

Treatment for herpes zoster pain depends on the time
elapsed since the disease onset. For acute to subacute ZAP,
nociceptive pain is the primary focus, with nonsteroidal anti-
inflammatory drugs (NSAIDs) and acetaminophen admin-
istered for mild pain, and opioid analgesics for moderate to
severe pain [1]. Epidural or paravertebral block with steroids
may be effective as an interventional treatment when the
patient is refractory to medical therapy [4—6]. In contrast, the
focus in PHN is on neuropathic pain, and there are very few
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effective treatments. Tricyclic antidepressants, anticonvul-
sants, and opioids are often used as symptomatic treatments
for neuropathic pain. However, these can have considerable
side effects [7]. A few interventional therapies are effective
in treating PHN, yet these are limited. Thus, preventing the
progression of subacute ZAP to PHN remains the focus of
attention [7]. Recently, among the interventional therapies,
temporary spinal cord stimulation (tSCS) for subacute ZAP
has been reported to be effective in preventing the transition
to PHN [8-10].

At our institution, we have been administering tSCS to
those patients with ZAP who were refractory to conserva-
tive treatment since 2010, with some patients responding to
treatment. Most patients undergo spinal magnetic resonance
imaging (MRI) before tSCS treatment at our facility to eval-
uate the epidural space adhesions and spinal lesions that may
interfere with tSCS treatment. A previous report indicated
that spinal MRI images in some patients with ZAP had T2
high-signal intensity, and more than half of them developed
PHN [11]. Therefore, we hypothesized that a T2 high-signal-
intensity zone (T2 HIZ) on spinal MRI would be resistant to
tSCS treatment and would be a risk factor for PHN.

In this retrospective study, we selected patients who had
been previously treated with tSCS at our hospital and re-
examined their spinal MRIs to confirm the presence of T2
HIZ and evaluate the effect of the treatment. The purpose of
this study was to examine how often a T2 HIZ is recognized
in patients with subacute ZAP refractory to conservative
treatment and whether it is a possible risk factor for PHN.

Methods

This single-center, case—control study was performed at
the NTT Medical Center, Tokyo, Japan. This study was
approved by the ethics committee of the NTT Medical
Center, Tokyo (Approval no.: 22-113). After obtaining
approval from the ethics committee, the medical records
of patients who underwent tSCS for ZAP between Janu-
ary 2010 and December 2018 were examined. This study
is compliant with the STROBE guidelines for retrospective
case—control studies [12].

Patient selection

Standard indications for tSCS treatment of refractory ZAP
at our institution are as follows: (i) less than 6 months after
the onset of herpes zoster, (ii) insufficient analgesia with
2-3 kinds of medication, such as gabapentinoids, tricyclic
antidepressants, and opioid analgesics, (iii) inadequate pain
relief with 2-3 versions of nerve block therapy such as
peripheral nerve blocks, epidural blocks, nerve root blocks

@ Springer

and pulsed radiofrequency, and/or (iv) having a systemic
condition that is acceptable for treatment.

For the selected patients, the exclusion criteria were: (i)
patients who did not undergo spinal MRI before tSCS, (ii)
patients who received tSCS at or after 91 days from the onset
of herpes zoster to exclude cases that already have PHN,
(iii) patients who did not have strong complaints of pain
(NRS <£5), and (iv) patients with an SCS treatment duration
less than 7 days to filter out cases with inadequate duration
of tSCS treatment.

Magnetic resonance imaging

Spinal MRI images were re-read by two pain clinicians and
divided into two groups: T2 HIZ (+) and T2 HIZ (-). T2
HIZ (+) was determined when the T2 high-intensity signal
area in the region of the dorsal horn of the spinal cord at the
level of the responsible spinal cord was confirmed by two
clinicians (Fig. 1). All MRI images were also certified by the
radiologist as having no deviation in T2 HIZ (+4). Among
the T2 HIZ (+), cases in which the possibility of spinal cord
signal changes caused by spinal degenerative diseases could
not be ruled out were excluded from the study. T2 HIZ (-)
was defined when either one of the clinicians considered that
spinal MRI images showed no significant lesions in the area
of the responsible spinal cord. The responsible spinal cord
level was the level of the spinal cord medulla correspond-
ing to each herpes zoster-affected spinal nerve. In the cervi-
cal nerve, the spinal nerve and spinal myelination levels are
almost the same; however, the thoracic nerve has a cephalic
shift of approximately 1-3 myelin segments, and the lum-
bar nerve has a cephalic shift of approximately 3—5 myelin
segments. The two clinicians carefully verified whether the
signal change at the level of the spinal cord medulla matched
the spinal nerve level estimated from the skin rash.

Patient background

The background factors related to the patient’s condition
were age, sex, dermatome of the affected site, diabetes and
an immunosuppressed state as background conditions, ini-
tial pain intensity measured by the NRS (numerical rating
scale, 0 =no pain; 10=the worst pain imaginable), pres-
ence of allodynia, sensation disability, and muscle weak-
ness. Patients with no information on allodynia, sensation
disability, or muscle weakness in the medical records were
excluded. Progress in medical treatment was calculated
based on the number of days from onset to the date of the
initial visit, to spinal MRI, and the initiation of tSCS treat-
ment. Current medications (acetaminophen, NSAIDs, trama-
dol, duloxetine, tricyclic antidepressants, antiepileptic drugs,
and pregabalin) and interventional treatments (peripheral
nerve block, nerve root block, pulsed radiofrequency, and
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Fig.1 T2 HIZ of spinal cord dorsal horn in spinal MRI. Panels a, b,
and ¢ show examples of the T2 HIZ(+). White arrows indicate the
lesions. a Thoracic spinal MRI of a patient with herpes zoster in the
right T9 area. b Cervical spinal MRI of a patient with herpes zos-

continuous epidural block) without tSCS were investigated.
Information on psychotherapy and physical therapy was not
collected in the present study because ZAP is not a chronic
disease and there are few cases of their provision.

Temporary spinal cord stimulation

The standard tSCS treatment for refractory ZAP in cur-
rent study is shown below. The patient was positioned
supine, and the SCS lead was inserted under fluoroscopic
guidance. The location of the SCS lead confirms paresthe-
sia consistent with the affected area of the herpes zoster.

ter in the left C8. ¢ Head MRI of a patient with herpes zoster in the
left third trigeminal area. 72 HIZ T2 high-signal-intensity zone; MRI
magnetic resonance imaging

Leads were anchored to the skin with thread and tape, and
x-rays were used to check for misalignment of the lead
position. Although it depended on the surgeon and the
effect of the treatment, the stimulation period was approxi-
mately 10-20 days, and the stimulation mode was based
on tonic stimulation. High-frequency or burst stimulation
was used temporarily depending on device performance,
changes in pain, and patient preference. As soon as the
stimulation period was over, the lead was removed, and
the patient is discharged. After discharge from the hospi-
tal, the patient should be visited every two weeks to sev-
eral months and be treated with medications or injections,
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depending on the pain. The SCS stimulation period and
stimulation mode were collected in the present study.
Tonic stimulation is a conventional stimulation method
that produces 40-60 Hz of paresthesia sensation. However,
High-dose and Burst stimulations are relatively new stimu-
lation methods characterized by paresthesia-free stimu-
lation. High-dose stimulation comprises high-frequency
stimulation at 1-10 kHz, whereas Burst stimulation com-
prises a series of five pulsed stimuli at 40 Hz. The stimula-
tion mode is described as Tonic when only Tonic stimula-
tion was used, and as Multiple stimulation when Burst or
High-dose stimulation in addition to Tonic was used.

Outcome measurement

Treatment efficacy was examined using the NRS. The
NRS immediately after treatment and the final NRS were
collected. The NRS immediately after treatment was the
NRS at discharge after SCS extraction, and the final NRS
was obtained up to 1 year later. If the outpatient visit was
terminated within 1 year after treatment, the NRS at the
last visit was used as the final NRS. The final NRS >3
was defined as PHN, and the rate of PHN was compared
between the two groups—T2 HIZ (+) and T2 HIZ (-).
On the other hand, if the final NRS was <2, the patient
was considered to have a therapeutic response to tSCS
treatment.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
10 software (GraphPad Software; Inc., La Jolla, CA, USA)
and EZR (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan) which is a graphical user interface for
R (The R Foundation for Statistical Computing, Vienna,
Austria) [13]. Continuous variables, such as age, NRS, and
number of days from onset to first visit, were tested using
the Kolmogorov—Smirnov test for normality, followed by a
t-test for normal distribution and the Mann—Whitney U test
if not distributed normally. Sex, medication, interventional
treatment, and percentage of treatment responses were deter-
mined using Fisher’s exact test. The affected dermatome was
tested using the Chi-square test, followed by Bonferroni’s
post-hoc test.

The effect of tSCS treatment was assessed using NRS
before and after treatment and tested using one-way analysis
of variance (ANOVA) followed by Bonferroni’s post-hoc
test. The NRS between the T2 HIZ (+) and T2 HIZ (-)
groups were examined using two-way repeated ANOVA fol-
lowed by Bonferroni’s post-hoc test. Statistical significance
was set at P<0.05.
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Results
Patient selection

In our database, between January 2010 and December 2018,
67 patients were identified as having undergone tSCS for
ZAP. Among them, 28 patients were excluded for the follow-
ing reasons: (i) spinal MRI was not performed (n=3), (ii)
more than 91 days had passed since onset (n=17), (iii) NRS
was 5 or less at baseline (n=6), and (iv) tSCS treatment
duration was less than 7 days (n=2). Finally, 39 patients
were included in this study, and their spinal MRI images
were re-examined. The results of spinal MRI reinterpreta-
tion revealed that 23 patients had hyperintense lesions on
T2-weighted axial MRI—T2 HIZ (+) and 16 patients did
not have the lesion—T2 HIZ (). One of the T2HIZ (+)
cases had herpes zoster at the C4 level, and MRI scan before
tSCS showed a T2 high-signal area in the dorsal horn of the
spinal cord at the C3/4 level and severe spinal canal ste-
nosis at the C4/5 level. Therefore, the possibility of signal
changes associated with spinal degenerative disease could
not be eliminated (Fig. 2). Hence, this case was excluded.

Patient background

The patient backgrounds in each group are summarized in
Table 1. Data of three patients with allodynia and one patient
with hyposensitivity could not be found in the medical
records. No significant differences were observed between
T2 HIZ (+) vs. T2 HIZ (—) groups in terms of the patients’
age, sex and NRS at the first visit. Moreover, T2 HIZ (+)
vs. T2 HIZ (—) groups were similar with regard to days from
onset to first visit, MRI imaging, tSCS insertionand last visit,
tSCS treatment period and mode, medications (acetami-
nophen, NSAIDs, tramadol and pregabalin), and interven-
tional therapies (nerve root block, pulsed radiofrequency and
continuous epidural block).

Treatment effect

Temporary SCS treatment significantly improved the NRS
between pre- and post-treatment (pre-treatment: 8.1 +1.2,
post-treatment: 2.9+ 1.9; P <0.0001), with a final treatment
response rate of 20/38 (53%). Comparison of NRS during
the course of treatment showed no significant difference in
the pre-treatment NRS between the two groups, while the
post-treatment and final NRS were significantly higher in
patients from the T2HIZ (+) group{(post-treatment: T2 HIZ
(+):3.5+1.9, T2HIZ (-): 2.1+ 1.2; P<0.05), (final NRS:
T2 HIZ (+):3.8+2.1, T2 HIZ (-): 1.4+1.5; P<0.001)}
(Fig. 3A). Furthermore, the rate of PHN in the T2 HIZ (+)
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Fig.2 Study flowchart. ZAP
herpes zoster associated-pain,

67 cases with ZAP and treated tSCS

NRS numerical rating scale. 72
HIZ T2 high-signal-intensity
zone

28 excluded cases

3 cases by not performing MRI
6 cases by NRS score = 5

17 cases by the days
after onset of herpes zoster =91

2 cases by insufficient SCS treatment

39 cases enrolled to re-interpretation of MRI

23 cases were MRI T2 HIZ (+)

16 cases were MRI T2 HIZ (-)

one excluded case

Severe spinal degenerative disease
on the MRI

22 cases were MRI T2 HIZ (+)

group was significantly higher than that in the T2 HIZ (-)
group (15/22 (68%) vs. 3/16 (19%); odds ratio=8.67; 95%
confidence interval (1.7-63.3) (Fig. 3B). The proportion of
PHN corresponding to herpes zoster affected sites is shown
below. The ratio of PHN in the T2 HIZ (+) group was 6/9
(67%) in the cervical region, 8/12 (67%) in the thoracic
region, and 1/1 (100%) in the lumbar region. In the T2 HIZ
(—) group, the rate of PHN was 1/6 (17%) in the cervical
region and 2/6 (33%) in the thoracic region.

Discussion

In the present study, among the 38 patients with moderate-
to-severe ZAP who received tSCS treatment within 90 days
from onset, 22 had T2 high-intensity signal areas on spi-
nal MRI. Temporary SCS treatment significantly improved
the NRS in patients with ZAP refractory to conservative
treatment. The rate of PHN after tSCS treatment was sig-
nificantly higher in the T2 HIZ (+) group. Spinal MRI T2
high-signal areas were found in more than half of patients
with moderate-to-severe ZAP, and may thus be an indicator
of PHN.

In the current study, 22 of 38 (58%) patients with mod-
erate-to-severe ZAP had abnormal signals on spinal MRI.
There is only one report of a T2 high-intensity region in
the dorsal horn of a patient with herpes zoster. Haanpda

et al. performed spinal MRI in 16 of 50 (32%) patients with
ZAP, found abnormal spinal cord signals in nine patients,
and reported that five of the nine (55%) patients developed
PHN [11]. The higher percentage of abnormal signals on
spinal MRI in this study may be attributed to the higher
incidence of more severe cases than among those reported
by Haanpéa et al. [11]. Although this study included patients
with severe herpes zoster who underwent SCS, the propor-
tion of all patients with herpes zoster with abnormal spinal
cord MRI findings is not known. The results of the current
study showed that 18/38 (47%) cases remained in pain after
tSCS treatment. The rate of residual pain was 15/22 (68%)
in the T2 HIZ (+) group and 3/16 (19%) in the T2HIZ (-)
group. Although the frequency of PHN varies according to
the patient group and the definition of PHN, it is estimated
that 5.8-26% of patients with herpes zoster are affected by
PHN [14-17]. The higher proportion of residual pain in the
present study was attributed to a group of patients with ZAP
who are refractory to other conservative treatments. Espe-
cially in the T2 HIZ (+) group, a high proportion of patients
with residual pain could be considered at risk for PHN.
Several studies have reported on the efficacy of tSCS in
the treatment of subacute ZAP. Moriyama reported 14 cases
of tSCS treatment for residual moderate-to-severe thoracic
areas of the ZAP after continuous epidural catheterization
less than 3 months after onset [9]. The VAS (range, 0-100)
improved from 67.7 +20.2 before tSCS to 14.2 +14.3 after
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Table 1 Background

Bac MRI T2 HIZ(+) (n=22) MRI T2 HIZ(-) (n= 16) P value
characteristics of the two groups
Age (y) 70.2+11.2 73.1+£9.6 0.41
Sex (Male/female) 8/14 97 0.32
Affected dermatome (%) 0.32
Cervical 9(41) 6 (38)
Thoracic 12 (55) 6(38)
Lumbar 1(5) 3(19)
Sacral 0 (0) 1(6)
Background disease
Diabetes(%) 0/22 (0) 2/16(13) 0.16
Immunosuppression(%) 0/22 (0) 1/16 (6) 1
Initial condition
At first visit NRS score 83+13 7.8+1.1 0.21
Allodynia (%) 18/22 (82) 11/13( 84) 1
Hyposensitivity (%) 18/22 (82) 11/15(73) 0.69
Muscle weakness (%) 1/22(4.5) 1/16(6) 1
Days from onset
First visit 345+16.7 304+17.3 0.46
MRI imaging 49.3+14.3 48.4+18.3 0.88
SCS administered 55.8+15.9 534+14.0 0.63
Last visit 3084+115.0 316.3+139.1 0.85
tSCS treatment
Therapy period (days) 14.0+3.8 13.1+3.5 0.50
Therapy mode (T/M) 1577 12/4 0.73
Medication (%)
Acetaminophen 10/22 (45) 5/16(31) 0.52
NSAIDs 15/22(68) 7/16 (43) 0.19
Tramadol 12/ 22 (55) 9/16(56) 1
Duloxetine 7/22 (32) 2/16(13) 0.25
Tricyclic antidepressants 15/22 (65) 9/16 (56) 0.51
Antiepileptic drugs 12/22 (55) 6/16(38) 0.34
Pregabalin 20/22 (91) 16/16(100) 0.5
Intervention (%)
Peripheral nerve block 22/22 (100) 15/16 (94) 0.42
Nerve root block 19/22 (86) 13/16(81) 0.68
Pulsed radiofrequency 13/22 (59) 10/16(63) 1
Continuous epidural block 15/ 22 (68) 12/16(75) 0.73

NRS Numerical Rating Scale, SCS spinal cord stimulation, 72 HIZ T2 high-intensity zone, MRI magnetic
resonance imaging, NSAIDs nonsteroidal anti-inflammatory drugs

T Tonic stimulation, M Multiple stimulation (tonic stimulation plus burst stimulation or high-dose stimula-

tion)

the treatment. Dong et al. described 46 cases of tSCS treat-
ment for ZAP with an onset at <3 months. NRS (range,
0-10) decreased from 7.28 +0.93 before the treatment to
3.59+2.4 after treatment, and follow-up at 1 year showed
improvement in the NRS value with 2 or less in 80% of
cases [10]. Our results show that the overall NRS at the
first visit was 8.1+ 1.2 and improved to 2.7 +2.2 at the final
visit. Similar to previous reports, this study demonstrated the
efficacy of tSCS therapy for subacute ZAP; however, this is
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the first to study to demonstrate that efficacy varies based on
spinal cord MRI findings.

Risk factors for PHN include older age, female sex, severe
pain, severe skin rash, ocular complications in the first divi-
sion of the trigeminal nerve, and an immunosuppressed state
[14—17]. As this was a retrospective study, no clear infor-
mation was available from medical records regarding skin
rashes. In addition, the trigeminal region was not included
in this study because ZAP in the affected areas was targeted
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Fig.3 Comparison of NRS and PHN rate after tSCS between the two
groups. Graph a shows a comparison of NRS between the T2 HIZ(+)
and T2 HIZ(-) groups. The NRS at the first visit were almost simi-
lar; however, the T2 HIZ(+) group had significantly higher NRS at
after SCS treatment and final visit. Graph b shows a comparison of
PHN incidence rates after tSCS treatment between the two groups.

for SCS treatment. However, there were no significant differ-
ences in age, sex, or pain intensity between the two groups,
and there were no factors other than spinal MRI findings
contributing to a difference in the response rate. Thus,
abnormal spinal MRI signals may be a risk factor of PHN,
as reported by Haanpédd et al. [11]. If the risk factors for
the development of PHN could be determined by objective
evidence from MRI testing, this would be a breakthrough in
the treatment of ZAP such as in the timing of tSCS introduc-
tion and the decision making process for treatment selection.
Future studies should investigate whether T2 HIZ (+) is a
risk factor for PHN in all patients with herpes zoster.

Demyelination and necrosis due to severe inflammation
have been reported in the dorsal horn of the spinal cord in
deceased patients with severe herpes zoster [18-20]. In gen-
eral, a T2 high-intensity signal on MRI is considered a find-
ing suggestive of inflammation in the tissue. The T2 HIZ
in the dorsal horn of the spinal cord observed in current
study suggests that the nerve inflammation associated with
herpes zoster extends into the dorsal horn of the spinal cord
and could affect the severity of herpes zoster as well as risk
factors for PHN.

The mechanism of temporal SCS remains unclear [21].
Conventionally, the mechanism of action of SCS is referred
to as the gate-control theory; however, new stimulation
methods, such as high-frequency stimulation and burst
stimulation, have been added, and various theories have

0Odd ratio=8.67

*%

100 - |
80 -
60 -

40 -

PHN rate(%)

20

T2HIZ(+)

T2HIZ(-)

PHN was defined as an NRS score >3 at final visit. The PHN inci-
dence rates were 68.2% for T2 HIZ (+) and 18.8% for T2 HIZ (-).
The odds ratio of T2 HIZ (+) for PHN was 8.67. NRS Numerical Rat-
ing Scale, PHN postherpetic neuralgia, tSCS temporary spinal cord
stimulation, 72 HIZ T2 high-intensity zone, *P<0.05, **P<0.01,
*#*%P <(0.001

emerged regarding mechanism of action [22-25]. Recently,
there have been reports of its effects on the dorsal horn and
perineural glial cells, and methods of stimulation targeting
each have been developed [26, 27]. While clinical efficacy
of tSCS in ZAP has been reported, the mechanism of action
remains clear. The current study’s results are similar to those
of previous reports in that tSCS treatment was effective for
patients with subacute ZAP. However, patients in the T2 HIZ
(+) group tended to have slightly more residual pain with
mainly tonic stimulation being used in the present study. In
the future, SCS treatment may have potential to be a more
effective treatment for ZAP with T2 HIZ (+) using a new
stimulation method or early therapeutic intervention.

There are several limitations in this study. First, this was
a single-center, retrospective study with a few cases. The
small number of cases made it difficult to perform multi-
variate analysis considering risk factors. Second, long-term
follow-up was not available, and some patient information
was lacking owing to the retrospective nature of the study.
In particular, the absence of NRS assessment prior to tSCS
treatment may affect the evaluation of tSCS treatment effi-
cacy, and psychological evaluations such as the pain cata-
strophizing scale (PCS) or the Hospital Anxiety and Depres-
sion scale (HADS) may provide inadequate evaluation of
chronic pain. Therefore, prospective studies are warranted.
Third, the diagnosis for T2 HIZ based on MRI has not
been established. In the present study, the radiologist also
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confirmed the results, and there is confidence regarding T2
HIZ (+), whereas there were some cases among T2 HIZ (-)
for which opinions were divided. The MRI in current study
was not performed for the purpose of evaluating T2HIZ,
so the conditions were not sufficient for T2 HIZ diagnosis.
In the future, it will be necessary to establish optimal MRI
conditions and accumulate knowledge about MRI T2 high-
signal-intensity lesions.

In conclusion, T2 HIZ was detected in more than half
of cases with refractory ZAP, and pain was more likely to
remain after tSCS treatment in the T2 HIZ (+) group. Fur-
ther studies are needed to determine whether T2HIZ is a risk
factor for PHN.
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