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Background: This study aimed to compare the intercostal nerve block (ICNB) and thoracic paravertebral block (TPVB)
for acute herpes zoster-associated pain (ZAP) and possible prophylaxis for post-herpetic neuralgia (PHN).

Methods: This study enrolled 128 patients with ZAP. Their records were stratified into standard antiviral treatment
(AVT) plus US-guided TPVB (the TPVB group), AVT plus US-guided ICNB (the ICNB group) or AVT alone (the control
group). Herpes zoster (HZ)-related burden of illness (HZ-BOI) within the post-procedural 30 days was defined as
the primary endpoint, determined by a composite of pain severity and follow-up duration. Procedure time, rescue
analgesic requirement, PHN incidence, health-related quality of life and side effects were also recorded.

Results: Significantly lower HZ-BOI-AUC,, was reported in the TPVB and ICNB groups as compared to the control
group, with a mean difference of 57.5 (P < 0.001) and 40.3 (P = 0.003), respectively. However, there was no
difference between the TPVB and ICNB groups (P = 0.978). Both TPVB and ICNB reported significantly greater
improvements in PHN incidence, EQ-5D-3L scores and rescue analgesic requirements during follow-up, as opposed
to the control AVT. Shorter procedure time was observed in ICNB as compared to TPVB (16.47 + 3.39 vs. 11.69 +
2.58, P < 0.001).

Conclusions: Both US-guided TPVBs and ICNBs were effective for ZAP, and accounted for possible prophylaxis for
PHN, as compared to AVT alone. The ICNB approach could be recommended as an alternative to conventional TPVB
with a better consumed procedure time and side effect profile.
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INTRODUCTION

Herpes zoster (HZ) usually presents as a unilateral band-
like vesicular rash in the dermatome corresponding to
the affected nerve caused by a reactivation of varicella
zoster viruses (VZV) latent in the sensory ganglion [1].
The crude prevalence of HZ in the general population
is from 20% to 30%, with an increasing incidence over
50 years of age, with an approximate occurrence of 50%
in those aged 85 years [2]. During the acute episode, the
treatment is focused on decreasing the intensity and
duration of symptom and preventing complications.
Postherpetic neuralgia (PHN), defined as acute zoster as-
sociated pain (ZAP) sustained for at least 90 days after the
rash, is a debilitating complication of HZ. PHN becomes
more common with increasing age, affecting about 5% of
those younger than 60 years, increasing to 20% of those
80 years and older, according to a large population-based
study [3]. Unfortunately, there is still no reliable interven-
tion that relieves the pain of PHN [4]. Therefore, effective
treatments to prevent PHN have become an important
focal point in current research. Epidemiological research
reported that interventions aimed at reducing the inflam-
mation and repetitive painful stimuli during acute zoster
might attenuate central sensitization, and consequently
reduce the prevalence of PHN [5]. In this respect, ultra-
sound (US)-guided paravertebral block (PVB) is effective
in resolving pain in acute HZ and appears capable of
preventing the incidence of PHN [6-8]. Compared with
PVB technique, intercostal nerve block (ICNB) under US
guidance is an easier superficial block with a very low
incidence of complications for different surgeries involv-
ing the chest wall and for rib fractures [9]. However, to
the authors’ knowledge, there was only one comparative
trial with a small sample, estimating the effect of ICNB
for acute HZ [10]. Therefore, it was hypothesized that the
application of repetitive ICNBs technique under US guid-
ance during the acute phase of HZ could significantly
reduce the HZ-related burden of illness (HZ-BOTI) over 30
days (HZ-BOI-AUC,;, scores). It might be an alternative to
the conventional thoracic paravertebral blocks (TPVBs)
in providing acute pain management and possible pro-
phylaxis for PHN in patients with thoracic HZ. Further-
more, it was a more time-efficient approach and had a
better side effect profile compared to TPVB.
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MATERIALS AND METHODS

1. Study design

This present study was conducted as a case-control ret-
rospective trial in accordance with the principles of the
Declaration of Helsinki and the guidelines of Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) [11]. The protocol was approved by the
Clinical Research Ethics Committee of Beijing Chuiyan-
gliu Hospital (2023-015KY) and registered in the Chinese
Registry of Clinical Trials (ChiCTR2300076442). Written
informed consent about data for publication was ob-
tained from all participants before enrollment.

Between January 1, 2022 and April 30, 2023, patients
who visited the pain clinic in the anesthesiology depart-
ment for the treatment of thoracic herpetic eruption
were reviewed and divided into groups according to the
treatment they received, which mainly depended on pa-
tients’ choices after clinicians provided the estimates of
the strength and benefits of three treatment modalities
(Fig. 1). These groups included a control group, which
received antiviral treatment (AVT) for a standard 7-day
course (valacyclovir 0.3 g, three times daily) immediately
after enrollment; the TPVB group, which received the
same AVT as well as US-guided repeated TPVB injec-
tions following AVT; and the ICNB group, which received
the AVT plus the subsequent US-guided repeated ICNB.
Injection was repeated every 48 hours for a week up to
4 times. Celecoxib (200 mg tablets, up to 2 times daily)
as well as oxycodone & acetaminophen (5 mg:325 mg
tablets, up to 4 times daily) were respectively offered as
rescue analgesics according to pain intensity following
the guidelines of World Health Organization [12]. On the
other hand, antidepressant or antiepileptic drugs and
other nerve blocks, including epidural or intrathecal
blocks, were prohibited.

2. Participants

The inclusion criteria were as follows: (1) HZ-related
acute pain originating from thoracic dermatome; (2) less
than a 4-week duration from initial rash onset; (3) mod-
erate to severe pain according to numeric rating scale
(NRS) scores > 4; and (4) being age 50 years or older. Pa-
tients who had immunity impairment, hepatic or renal
dysfunction, coagulopathy, cognitive disorders, analgesic
addition, pregnancy/lactation, severe skin lesions due to
blisters, who were converting to other procedures during
the follow-up period, or had incomplete medical data
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Fig. 1. The diagram of patient recruitment. HZ: herpes zoster, NRS: numeric rating scale, TPVB: thoracic paravertebral block, ICNB:

intercostal nerve block, US: ultrasound.

were excluded.
3. Procedures description

All procedures were carried out by four senior pain doc-
tors who were proficient in performing peripheral nerve
block procedures under US guidance. Standard monitor-
ing was applied in the form of blood pressure, electrocar-
diography, and oxygen saturation.

4. US-guided TPVB procedure

A convex array US probe with a low-frequency (2-5 MHz)
transducer was placed in a transverse position parallel to
the spinous process at the targeted thoracic spinal seg-
ment to achieve a transverse axis view of the vertebral
plate and transverse process (TP), which was recognized
as a hyper-echoic structure with an anterior dark acoustic
shadow. The probe was then slightly moved in the cau-
dal direction until the above-mentioned typical images
disappeared. Parts of thoracic paravertebral space (PVS)
were visualized in the hyperechoic image comprising
the parietal pleura, superior costotransverse ligament,
and internal intercostal membrane. After verification
that no vulnerable blood vessel was abnormally located
on the puncture path using the color Doppler mode, a
22-gauge needle was advanced from the lateral side to
the targeted TPVB using an in-plane view (Fig. 2A). After
negative aspiration, 1 mL of 1% lidocaine was injected as

the experimental dose. After observation of anesthesia or
pain alleviation in the affected dermatome without any
adverse events, a single 5 mL mixture comprising 0.5% li-
docaine and 5 mg triamcinolone diluted by normal saline
was injected using real-time US guidance. Subsequently,
the PVS was widened by the anterior displacement of the
pleura in the US scan, which confirmed a correct injec-
tion.

5. US-guided ICNB procedure

In this technique, the same low-frequency transducer
was positioned 6-8 cm lateral from the midline at the
targeted intercostal space. Two adjacent ribs were seen as
hyperechoic and their characteristic rounded structures
were seen in the sagittal US image. An acoustic window
was clearly visualized as lying among the intercostal
ligaments, the intercostal space, and the parietal pleura
between the acoustic shadows of the two ribs. Using Dop-
pler US, the intercostal vessels were readily visible at the
lower margin of the upper rib. Additionally, the targeted
intercostal nerve root was laying beneath the intercostal
arteries (Fig. 2B). The same 22-gauge block needle was
inserted in-plane caudal-cranial 1 cm away from the
transducer under the real-time US beam. The same ex-
perimental lidocaine was injected after negative aspira-
tion to confirm anesthesia/pain alleviation in the affected
dermatome without any side effects. Success of the block
was achieved with the same therapeutic injection using
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Fig. 2. (A) Thoracic paravertebral block under US guidance. (B) Intercostal nerve block under US guidance. US: ultrasound, TP: trans-
verse process, TPVS: thoracic paravertebral space, SP: spinous process.

0.5% lidocaine, 1 mg/mL triamcinolone, and normal sa-
line in the amount of 5 mL, and subsequent distribution
along the intercostal space on the sagittal axis view.

6. Outcome measures and data collection

Pain severity was evaluated using an 11-point scale Likert
scale ranging from 0 to 10, which was obtained from Item
3 of the Zoster Brief Pain Inventory (ZBPI) to indicate ‘the
worst pain during the last 24 hours’ [13]. BOI due to HZ
was determined by a composite measure of pain severity
and HZ disease duration. It was calculated from the area
under the curve (AUC) consisting of cumulative ZBPI
worst pain scores over the time from the first day of rash
onset to the predefined follow-up days using GraphPad
Prism version 5.0 (GraphPad Software Inc.) [14]. The
Euro-QoL 5-Dimension questionnaire (EQ-5D-3L) was
employed to measure the health-related quality of life
(HR-QoL), which comprised five dimensions: mobility,
self-care, usual activities, pain/discomfort and anxiety/
depression. Each dimension was divided into one of the
three levels: no problems, some problems and extreme
problems [15]. PHN was pre-defined as a ‘worst’ pain
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score > 3 in the ZBPI, which persisted 90 days after rash
onset [16]. The consumption of rescue analgesics and ad-
verse events were also documented.

The primary endpoint was BOI scores due to HZ over
30 days (BOI-AUC,,). Follow-ups were conducted every
week for the first month at the pain clinic and then in
3-month (D90) intervals for 6 months (D180) via tele-
phone by two specially trained nurses who were blinded
to the patients’ assignment.

7. Sample size calculation

The study derived the efficacy statistic based on BOI-
AUC,, scores. Based on the previous study, the mean of
BOI-AUC;, was reported as 110 with a standard devia-
tion (SD) of 20 to 35 by 5 after the antiviral therapy alone
[7]. The author wanted to compare the responses of two
intervention groups to the control group with a shift of at
least a 20% decrease in the mean of BOI-AUGC;, scores. To
accomplish this, the mean of the control group was set to
0 and the other two intervention means to 33 using PASS
version 16.0 software. To obtain a power of 90% with a
two-tailed Bonferroni adjusted significance level of 0.05/3
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Table 1. Baseline characteristics of participants in three groups

Control group

TPVB group

ICNB group

Variables (n = 26) (n = 49) (n = 53) F/y? P value
Age (yr) 64.15 + 8.38 65.49 + 8.06 66.10 + 7.53 0.470 0.628
Female sex 12 (46.2) 26 (53.1) 23 (43.4) 0.983 0.612
Prodromal duration (day) 11.70 £ 1.26 10.90 £ 1.33 10.65 £ 1.50 0.840 0.437
ZBPI: Baseline average pain score 8 (4, 10) 8 (6, 10) 8 (7, 10) 0.779 0.677
Distribution of pain 1.978 0.740
Single thoracic dermatomal 16 (55.2) 33 (67.3) 29 (54.7)
2-3 thoracic dermatomal 7 (26.9) 11 (22.4) 15 (28.3)
> 4 thoracic dermatomal 3(11.5) 5(10.2) 9 (17.0)
Affected side 1.113 0.573
Left 15 (567.7) 22 (44.9) 26 (49.1)
Right 11 (42.3) 27 (55.1) 27 (50.9)
Rash severity 0.956 0.620
Number of lesions < 50 18 (69.2) 37 (75.5) 42 (79.2)
Number of lesions > 50 8(30.8) 12 (24.5) 11 (20.8)
Haemorrhagic lesion 2(7.7) 6 (12.2) 5(9.4) 0.438 0.804
Concomitant disease
Hypertension 11 (42.3) 18 (36.7) 16 (30.2) 1.211 0.546
Diabetes mellitus 6 (23.1) 14 (28.6) 17 (32.1) 0.692 0.708
History of previous analgesic use 1.551 0.818
None 3(11.1) 5(10.2) 8(15.1)
NSAID 15 (57.7) 30 (61.2) 34 (64.2)
Anti-epileptic or week opioid 8 (30.8) 14 (28.6) 11 (20.8)

Values are presented as number (%) or mean * standard deviation.

TPVB: thoracic paravertebral block, ICNB: intercostal nerve block, ZBPI: Zoster Brief Pain Inventory, NSAID: non-steroidal anti-inflammatory drugs.

= 0.017, the calculated sample size in the control, TPVB,
and ICNB groups was 22, 43, and 43, respectively, allow-
ing for a 20% loss to follow-up.

8. Statistically analysis

SPSS software, version 22.0 (IBM Co.) was used for sta-
tistical analyses. Statistical significance was set at the
5% level. Data distribution was examined by the Kol-
mogorov-Smirnov test. Quantitative data were reported
as mean + SD or median + inter-quartile range, and cat-
egorical data as a percentage. Differences in the change
of BOI scores within and across groups were determined
using repeated measures analysis of variance, taking
treatment as the fixed factor and baseline NRS scores as
the covariate. P value significance was adjusted for mul-
tiple comparisons using the Bonferroni method (0.05/3
=0.017). Fisher’s exact test was employed for categorical
variables.

RESULTS

A total of 169 patients were assessed for eligibility, but
41 cases were excluded due to given reasons in Fig. 1,
hence, 128 patients were included in the final analysis.
There were no differences in demographic characteristics
at baseline among the three groups (Table 1).

As shown in Table 2, there was a significant decrease in
HZ-BOI-AUC;,, scores in both the TPVB and ICNB groups,
in comparison to the control group. However, no signifi-
cant difference was found between the TPVB and ICNB
groups. More specifically, the mean in the control group
was 152.2 (95% confidence interval [CI]: 124.7, 179.7),
94.7 (95% CI: 81.5, 107.8) in TPVB group, and 111.9 (95%
CI: 97.4, 126.4) in the control group. The mean of BOI-
AUC,, and BOI-AUC,,, were comparable between the
TPVB and ICNB groups, while they were significantly
lower than those of the control group. The percentage of
cases using rescue analgesics was lower in the TPVB and
ICNB groups than the control group, but the difference
was statistically significant only at D30 between the two
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It was attributable to better analgesia in terms of reduced
incidence of PHN, less rescue analgesic consumption,
and greater improvements of HR-QoL between ICNB and
AVT alone. In addition, the ICNB approach was more
time-efficient than the conventional PVB.

Usually, AVT is recommended within 72 hours at the
initial diagnosis of HZ. A considerable amount of evi-
dence has demonstrated that, although antiviral agents
and rescue analgesics as the current standard treatment
for acute HZ can accelerate the healing of lesions and
decrease acute pain, nevertheless, high quality evidence
showed that oral antiviral drugs do not reduce the inci-
dence of PHN significantly [17]. During the acute phase
of HZ, the reactive VZV replicates in the dorsal root
ganglion (DRG), and transports to the peripheral nerve
leading to an inflammation of the sensory ganglion and
adjacent nerve as well as causing tissue damage, which
mainly accounts for ZAP. Continuous infiltration of in-
flammation results in an abnormal expression of ion
channels and consequently promoted the release of
neuro-transmitters, up-regulated nociceptor excitability
that leads to central sensitization, and makes the disease
course persistent [18]. Whereas, once the most common
and difficult-to-cure complication of PHN develops, it not
only decreases HR-QoL in patients but also significantly
increases the healthcare burden at both the individual
and societal levels. As a result, several supplemental in-
terventional procedures have been tried according to the

block.

hypothesis that inhibition of the inflammatory process
and sustained peripheral stimuli reaching the central
nervous system throughout the acute phase not only al-
leviate central sensitization but also lower the occurrence
of PHN, especially for those with risk factors including
older age and greater severity of the prodrome, rash, and
ZAP [19]. Studies have shown that the administration
of epidural corticosteroids is associated with a reduced
PLA, activity level within injured nerves to produce a
direct anti-inflammation effect by preventing prostaglan-
din generation. It is also suggested that besides an anti-
inflammation action, a corticosteroid was able to stabi-
lize neural membranes, thus suppressing ectopic neural
discharges with nerve injury to decrease nociceptive
input. Local anesthetic (LA) may offer a therapeutic effect
by improving intra-radicular blood flow to reduce neural
dysfunction [20-22]. Therefore, early recognition and
prompt management of ZAP with interventional treat-
ment should be emphasized for the possible prevention
of PHN.

Neuraxial and sympathetic administration of LA and
corticosteroids including intrathecal, epidural, and sym-
pathetic blocks have been reported to be effective in
controlling pain caused by HZ and PHN. Although the
beneficial effect appears to be consistent, this can be
challenging when a neuraxial blockade is performed in
the thoracic region as a result of the risk of serious com-
plications including instability of hemodynamic, spinal
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PHN: post herpetic neuralgia, Cl: confidence interval, Dy,: 3-month after recruitment, D, 4,: 6-month after recruitment, TPVB: thoracic paravertebral block, ICNB: intercostal nerve block.

hematoma, urinary retention, intractable headaches, as
well as contraindicated conditions such as coagulopathy
[23]. Conversely, the PVB is one of the most common in-
terventions used for managing pain associated with acute
HZ. The PVS accommodates LA plus steroid spreading
into the cephalad, caudal, intercostal, interpleural, epi-
dural, and prevertebral spaces to generate block effect in
the unilateral spinal nerve together with the rami com-
municants and the dorsal ramus, as well as the sympa-
thetic chain [24]. Although serious PVB-related adverse
events are relatively rare, the most commonly occurring
are inadvertent vascular puncture, followed by hypoten-
sion, haematoma, pleural puncture, and pneumothorax
[25]. In recent years, US guidance has been considered
a standard localization technique for peripheral nerve
block owing to visualization of the muscles, fascia, nerve,
needle, and LA injectate without use of a contrast agent
[26]. Theoretically, the application of US technique to
PVB can capture the direct visualization of the entire
needle, while simultaneously confirming proper LA in-
jection with the anterior displacement of the pleura to
reduce the risk of adverse effects. Therefore, US-guided
PVB is generally associated with a high success rate, with
few adverse effects [27]. Liu et al. [6] estimated the effi-
cacy of US-guided PVB intervention for the treatment of
ZAP using a different course. They found that the best ef-
ficacy was achieved in the acute group. Several random-
ized controlled studies confirmed that lower BOI caused
by acute pain and incidence of PHN during the entire
6-month follow-up were obtained after receiving US-
guided repetitive thoracic PVB during the acute phase
as opposed to the standard AVT [7,8]. These results are
consistent with the present study, in that the early use of
repetitive thoracic PVB under US guidance was more ef-
fective than antiviral medications alone in reducing HZ-
related BOI and improving QoL at 30, 90, and 180 days af-
ter inclusion, on the basis of the authors’ experience, this
technique remains the preferred strategy for inhibiting
inflammation, facilitating nerve healing and suppressing
the development of PHN, because lower occurrence of
PHN was observed at D90 and D180 post-therapy accord-
ing to the present study.

Considering that the risk of intravascular puncture and
pneumothorax were increased by repeated injection even
under US guidance, as well as the injury tendency due to
the deeply located targeted nerve structure in thoracic
PVB technique, the authors estimated the efficacy of the
ICNB, a more lateral approach, in terms of assuring ef-
ficacy and decreasing complications in the current study.
On the basis of US guidance, ICNB has been clinically
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Fig. 4. The percentage of patients who reported problems in the five domains of EuroQol EQ-5D at the time of Day O, 30, 90 and
180. TPVB: thoracic paravertebral block, ICNB: intercostal nerve block. *P < 0.05 when compared to control group.

used as an alternative to PVB to provide effective analge-
sia in a diversity of cases including mastectomy, cardiac,
thoracic, and abdominal surgery [28]. According to the
anatomy, the intercostal space between the adjacent ribs
is usually shallower and wider than that between the
two thoracic TP, which allows a less steep needle angle
trajectory and consequently results in a better visualiza-
tion of the needle puncture under real-time guidance. In
addition, this block technique can also reduce the risk of
inadvertent neuraxial block and hematoma owing to the
more lateral approach as compared to the conventional
PVB [29]. In accordance with what was expected, patients
in the ICNB group showed less illness burden related to
HZ at all time points during the follow-up period as com-
pared to TPVB group. And significantly lower incidence
of PHN at D90 and D180 were also observed in the ICNB
group as opposed to the control group. There was no sig-
nificant difference between the two intervention groups.
Furthermore, the same better trend in improved QoL dur-
ing the follow-up period was observed in the ICNB group
and TPVB group as opposed to the control group. Impor-
tantly, less procedure time with a lower incidence of in-
sufferable pain during puncture was observed in patients
receiving ICNB demonstrating that the US-guided ICNB
was an easier and more time-efficient approach than the
conventional TPVB. However, providing complete pain
relief, as perceived by patients during puncture, might be
very challenging, especially when the ICNB procedures
needs to be repeated. These findings were consistent with
that of a previous comparative study, their results showed
comparable data in the pain reduction, treatment dura-
tion, and injection frequency in both US-guided ICNB
and the fluoroscopy (FL)-assisted epidural nerve block.
But the ICNB is more accessible than the epidural block
under FL guidance, which was recommended as an al-

ternative option for thoracic HZ [30]. Increasing evidence
shows that perforation of pleura was one of the most
serious complications of TPVB technique, however, no
serious adverse events were observed in the study. This
would be benefit from the measurement of pleura depth
from entry point before puncture and the real-time guid-
ance during puncture using ultrasonography. Neverthe-
less, unlike the TPVB, ICNB only targets the peripheral
branches of the thoracic nerve roots, not the DRG itself,
which primarily accounts for ZAP. Consequently, the
positive results in comparing the effectiveness of PVB
and ICNB in preventing PHN or other second outcomes
might be understated due to the sample size being kept
small by adopting HZ-BOI as the primary outcome.

The study did have some limitations. Firstly, although
increasing evidence supported the use of US guidance
technique in the peripheral nerve block, it was necessary
to admit that this technique was highly experience de-
pendent. Secondly, patients were allowed to use rescue
analgesics in this study, which would be a confounding
factor in the analysis of procedural efficacy. Thirdly, in-
cidence of serious adverse events including inadvertent
vascular puncture and pneumothorax was not signifi-
cantly different between the two intervention groups,
which might be due to the limited sample size, therefore,
a well-designed randomized study with a large sample
to investigate the safety of US-guided ICNB technique in
acute HZ is needed.

In conclusion, both US-guided repetitive TPVBs and
ICNBs were effective for acute HZ in thoracic derma-
tomes as compared to AVT alone, and accounted for the
possible prophylaxis for PHN. Additionally, the ICNB ap-
proach was a time-efficient approach with a lower risk of
side effects as opposed to conventional TPVB technique,
which might be encouraged as an alternative to conven-
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tional TPVB.
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