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Aims Percutaneous stellate ganglion block (PSGB) through single-bolus injection and thoracic epidural anaesthesia (TEA) have 
been proposed for the acute management of refractory ventricular arrhythmias (VAs). However, data on continuous 
PSGB (C-PSGB) are scant. The aim of this study is to report our dual-centre experience with C-PSGB and to perform a 
systematic review on C-PSGB and TEA.

Methods 
and results

Consecutive patients receiving C-PSGB at two centres were enrolled. The systematic literature review follows the latest 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria. Our case series (26 patients, 
88% male, 60 ± 16 years, all with advanced structural heart disease, left ventricular ejection fraction 23 ± 11%, 32 
C-PSGBs performed, with a median duration of 3 days) shows that C-PSGB is feasible and safe and leads to complete 
VAs suppression in 59% and to overall clinical benefit in 94% of cases. Overall, 61 patients received 68 C-PSGBs and 22 
TEA, with complete VA suppression in 63% of C-PSGBs (61% of patients). Most TEA procedures (55%) were performed 
on intubated patients, as opposed to 28% of C-PSGBs (P = 0.02); 63% of cases were on full anticoagulation at C-PSGB, 
none at TEA (P < 0.001). Ropivacaine and lidocaine were the most used drugs for C-PSGB, and the available data support 
a starting dose of 12 and 100 mg/h, respectively. No major complications occurred, yet TEA discontinuation rate due to 
side effects was higher than C-PSGB (18 vs. 1%, P = 0.01).

Conclusion Continuous PSGB seems feasible, safe, and effective for the acute management of refractory VAs. The antiarrhythmic effect 
may be accomplished with less concerns for concomitant anticoagulation compared with TEA and with a lower side-effect 
related discontinuation rate.
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Graphical Abstract

Continuous stellate ganglion block (C-PSGB) for ventricular arrhythmias (VAs): case
series, systematic review, and differences with thoracic epidural anaesthesia (TEA)

•    Our case series is the largest ever described (26 patients, 88% male, 60±16 years, all with advanced structural heart

     disease, LVEF 23±11 %, 32 C-PSGBs performed, median duration 3 days, IQR 1–7)

•    All previously published data plus ours were analyzed: 61 patients received 68 C-PSGBs and 22 TEA for refractory

     VAs. No major complications occurred. efficacy was not compared due to patients’ heterogeneity.

C-PSGB (n = 68)
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•    Ropivacaine and lidocaine were the most used drugs for C-PSGB, and the available data support a starting dose
     of 12 mg/h and 100 mg/h, respectively.
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What’s new?

• Acute neuromodulation strategies, including percutaneous stellate 
ganglion block (PSGB) and thoracic epidural anaesthesia (TEA), have 
a strong rationale for refractory ventricular arrhythmias (VAs). Still, 
data on continuous PSGB (C-PSGB) and on TEA are very scant.

• The present case series of C-PSGB is the largest ever described: it 
includes 26 patients, all with structural heart disease, for a total of 
32 C-PSGBs.

• The systematic review, also never performed so far, includes 61 pa-
tients undergoing 68 C-PSGBs and 22 patients undergoing TEA for 
refractory VAs.

• Continuous PSGB and TEA are both effective in controlling VAs, but 
no direct efficacy comparison is currently possible due to patients’ 
heterogeneity; the antiarrhythmic effect of C-PSGB may be accom-
plished with less concerns for concomitant anticoagulation and with 
a lower side-effect-related discontinuation rate.

• Ropivacaine and lidocaine were the most used drugs for C-PSGB, 
and the available data altogether support a starting dose of 12 and 
100 mg/h, respectively.

Introduction
Electrical storm (ES) is a life-threatening condition defined as an inces-
sant ventricular arrhythmia (VA) lasting more than 12 h or three or 
more separate episodes of VA over 24 h that require treatment, includ-
ing therapies delivered by an implantable cardioverter defibrillator 
(ICD). Notably, a recent analysis of various combinations of clustered 

VA revealed that also lower event rates (i.e. two events within 3 
months) carry adverse prognostic implications.1

The acute treatment options for refractory VAs at bedside encompass 
correction of reversible causes, ICD reprogramming, antiarrhythmic drugs 
(AADs), deep sedation, and percutaneous transient sympathetic block 
strategies,2 including percutaneous stellate ganglion block (PSGB), mostly 
performed as left-side-only procedure due to the asymmetric distribution 
of cardiac sympathetic innervation,3,4 and thoracic epidural anaesthesia 
(TEA).5 Notably, while TEA has only been performed invasively so far, 
stellate ganglion block has also been achieved non-invasively using photo-
therapy6 and transcutaneous magnetic stimulation.7 Of note, TEA from 
T1 to T4 may have a vasodepressor effect and a negative chronotropic ef-
fect, cannot be performed on patients fully anticoagulated or with ongoing 
dual antiplatelet therapy, and carries a low but potentially worrisome in-
fective risk.5 On the other side, left-sided bolus PSGB, whose clinical usage 
is rapidly expanding,8–10 is free from the abovementioned limitations but 
may have a short-lasting effect and require multiple repetitions. To over-
come this limitation, continuous PSGB (C-PSGB) has been proposed,11

but clinical experience is extremely limited.
This paper reports on our dual-centre experience with invasive C-PSGB 

and a systematic literature review on C-PSGB and TEA to assess the cur-
rent usage and results of these two refractory VA management techniques.

Methods
Dual-centre case series
Patient selection, data collection, and outcome
Patients presenting with ES and/or with clustered VAs (≥2 episodes in the 
last 24 h) refractory to conventional management (beta-blockade, 
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preferentially non-selective + additional AAD) and requiring treatment 
(internal or external shock or antitachycardia pacing) were considered 
for PSGB [either single-bolus or continuous infusion (CI)]. Percutaneous 
stellate ganglion block was always used before intubation/deep sedation 
[defined as a Richmond Agitation–Sedation Scale (RASS), ≤−4] for arrhyth-
mia suppression (among patients who had not yet been intubated either be-
fore arrival at our institutions or for other reasons such as recent surgery). 
The present analysis was performed on consecutive patients receiving 
C-PSGB in either one of our two large-volume enrolling centres 
(Fondazione IRCCS Policlinico San Matteo, Pavia, and AOU Città della 
Salute e della Scienza, Turin) from March 2019 to November 2023. The 
study was approved by the local institutional review boards. Some patients 
received more than one CI during the same hospitalization due to VA re-
currence after removal/displacement of the previous C-PSGB; C-PSGB 
was generally maintained for at least 24–48 h to allow for acute stabilization. 
Baseline clinical characteristics and patients’ outcome were assessed in a 
per-patient analysis, and procedural characteristics (including VA type and 
burden) and complications were assessed in a per-procedure analysis. 
The efficacy was assessed in both a per-procedure analysis and a per-patient 
analysis. Several patients (20/26, 77%) reported in this analysis were in-
cluded in the recent publication of the large multi-centre study on PSGB 
(STAR).9 The STAR paper focused on the antiarrhythmic efficacy of 
PSGB, mostly performed through single-bolus injection at 1 and 12 h after 
the block. The current paper presents results coming from new analyses 
not listed among STAR study outcomes, such as the effects of C-PSGB dur-
ing the entire infusion duration and the dose/response relationship accord-
ing to the drug used for the CI.

Continuous percutaneous stellate ganglion block 
procedure
The procedures were performed by trained cardiologists or by cardiac 
anaesthesiologists. The technique of C-PSGB [an anterior anatomical or 
an ultrasound (US)-guided lateral approach] was left to the operators ac-
cording to their expertise and preference. The anatomical approach con-
sisted of a paratracheal anterior injection at the level of the Chassaignac’s 
tubercle.12 The needle was advanced perpendicularly to the skin up to 
the bone of the transverse process of C6 and then minimally retracted be-
fore the injection. For the US-guided approach, a linear transducer was 
used; after the identification of the main anatomical structures, a 22 G nee-
dle was advanced using an in-plane technique. Independently of the tech-
nique chosen, at first, a bolus of a short-acting and/or a long-acting 
anaesthetic was injected, followed by an epidural catheter placement 
(Figure 1). For the bolus, 5–10 mL of 2% lidocaine (100–200 mg), either 
alone or combined with 10 mL of 0.5% bupivacaine (50 mg) or with 5 mL 
of 1% ropivacaine (50 mg), was used. For the subsequent CI, we used either 

0.2% ropivacaine, starting at 2–3 mL/h (4–6 mg/h) for the first patients and 
then at 6 mL/h (12 mg/h) for the subsequent, or 1.5–2% lidocaine, mostly 
starting at 100 mg/h (with an infusion volume of 5–7 mL/h of lidocaine 
1.5–2% or of 25 mL/h of lidocaine 0.4%).

Systematic review
We conducted a systematic literature review searching for invasive C-PSGB 
and TEA for refractory VAs, following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement. Details are re-
ported in the Supplementary material. Baseline clinical characteristics and 
outcome were assessed in a per-patient analysis and procedural character-
istics in a per-procedure analysis. The efficacy was assessed in both a per- 
procedure analysis and a per-patient analysis. A complete response was de-
fined as no more episodes of sustained or treated VAs, while a partial re-
sponse, due to the lack of specific details concerning the exact number of 
VAs in several of the published studies, was qualitatively defined as VA con-
trol allowing for patient’s acute stabilization (no need for further antiar-
rhythmic treatment). To allow for comparability, the same definitions of 
efficacy were also applied to patients of our dual-centre case series.

Statistical analysis
Continuous variables are presented as mean (±standard deviation) or me-
dian [inter-quartile range (IQR)] and categorical variables as percentages. 
Continuous variables are compared with the t-test or Mann–Whitney 
U test, as appropriate. Absolute and relative frequencies are reported for 
categorical variables and compared by the Fisher exact test or the χ2 test, 
as appropriate. A P-value of <0.05 was considered statistically significant. 
Analyses were performed with MedCalc Statistical Software (version 20, 
MedCalc Software Ltd, Ostend, Belgium; 2021).

Results
Baseline characteristics of our population
Twenty-six patients underwent a total of 32 C-PSGBs for refractory 
VAs (Table 1). Most were male (92%), with a mean age of 62 ± 12 years. 
The majority (54%) suffered from coronary artery disease, 10 had pri-
mary dilated cardiomyopathy (one titin-related), and two had valvular 
cardiomyopathy. The mean left ventricular ejection fraction (LVEF) 
was 23 ± 11%, 50% had an ICD (of whom 77% with cardiac resynchro-
nization therapy), and 15% had previously undergone  ≥ 1 invasive ven-
tricular tachycardia (VT) ablation procedure. Finally, one patient (4%) 
had a left ventricular assist device (LVAD). Most patients (21, 81%) 

Ca

LA
Lcol

SCM

at

pt

C6

th

Figure 1 Ultrasound-guided continuous percutaneous left stellate ganglion block at C6 level. at, anterior tubercle; ca, carotid artery; LA, local an-
aesthetic; Lcol, longus colli muscle; pt, posterior tubercle; scm, sternocleidomastoid muscle; th, thyroid; white arrows, needle’s position; yellow arrow, 
target region.
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received only one C-PSGB, and five received more than one 
(four patients had two C-PSGBs and one had three C-PSGBs); the me-
dian time from admission to the first C-PSGB was 5 days (IQR 3–8). 
The majority (4/6, 67%) of repeated procedures was performed after 
catheter accidental displacement and subsequent recurrences, two 
after a programmed removal for lack of recurrences in one and planned 
ablation in the other. Single patient’s characteristics and the details of 
repeated C-PSGBs are reported in Supplementary material online, 
Tables S1 and S2 and in the Supplementary material.

Procedural indications, characteristics, 
and complications
Most C-PSGBs were performed due to either drug-refractory mono-
morphic VT (MMVT) alone (56%) or a combination of MMVT and poly-
morphic VT/ventricular fibrillation (VF, 22%), with a mean VT cycle 
length of MMVTs of 353 ± 82 ms (Table 2); one patient had premature 
ventricular contraction-triggered VF. In half of the cases, a favouring/ 
precipitant condition could be identified, represented in most cases 

by sepsis/septic shock (9, 28%) or by cardiogenic shock (5, 16%). The 
mean potassium levels were within the normal range (4 ± 0.1 mEq/L), 
and only one patient had hypokalaemia (K + ≤3.5 mEq/L). Most cases 
(88%) had refractory VAs despite ongoing intravenous (iv) lidocaine, in-
cluding 13 (41%) with concomitant iv amiodarone, while two (6%) were 
on iv amiodarone only; only 20/32 (62%) were on beta-blockers (15/20, 
75% non-selective) due to inotrope dependence in the rest. Notably, 
50% of the cases had already received ≥1 previous PSGB bolus during 
the same hospitalization, with VAs recurrences once the effect of the 
local anaesthetic had declined. Except for one procedure, required 
due to several episodes of fast not-sustained VT, all the others were 
performed following refractory VAs requiring treatment. In only one 
case (3%), C-PSGB was performed on the right side due to previous 
left cardiac sympathetic denervation (LCSD). A minority of cases 
(28%) were intubated and sedated at the time of C-PSGB, mostly 
due to major cardiac surgery in the previous days. Concerning antith-
rombotic drugs, 56% of cases were on either single (34%) or dual 
(22%) antiplatelet regimen, and 75% were on full anticoagulation, in-
cluding 12% (4/32) with a triple ongoing antithrombotic regimen. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Summary and comparison of the populations analysed, baseline characteristics, c-PSGB usage, and patients’ outcome

Our case 
series of 
C-PSGB,  

n = 26

Published 
C-PSGB,  

n = 35

Combined 
population of 

C-PSGB, n = 61

All published 
TEA, n = 22

P-value (our case 
series vs. other 

C-PSGB)

P-value (all 
C-PSGB, vs. all 

TEA)

Age 62 ± 12 53 ± 19

Age range 20–79 6–81 6–81 3–81

Children (≤18 years) 0, 0% 1, 3% 1, 2% 1, 5%

Male 24, 92% 33, 94% 57, 93% 18, 82%

Structural heart disease 26, 100% 30, 86% 56, 92% 18, 82%

Recent acute STEMI 1, 4% 9, 26% 10, 16% 0, 0%

Non-ischaemic CMP 12, 46% 5, 14% 17, 28% 10, 45% P < 0.01

HCM 0, 0% 0, 0% 0, 0% 1, 5%

Takotsubo CMP 0, 0% 1, 3% 1, 2% 1, 5%

LQTS 0, 0% 2, 6% 2, 3% 1, 5%

Brugada syndrome 0, 0% 0, 0% 0, 0% 1, 5%

Other cardiac disorders 0, 0% 1, 3% 1, 2% 2, 9%

LVEF, % 23 ± 11 NA NA 36 ± 16 (n = 19)

ICD 13, 50% 23, 66% 36, 59% 9/18, 50%

CRT-D 10, 77% 3/26, 12% 13, 33% NA

LVAD 1, 4% 3, 9% 4, 7% 0, 0%

C-PSGB usage

Acute stabilization 16, 62% 23, 66% 39, 64% 13, 59%

Bridge to OHT 0, 0% 1, 3% 1, 2% 2, 9%

Bridge to VT ablation 7, 27% 7, 20% 14, 23% 3, 14%

Bridge to CSD 1, 4% 4, 11% 5, 8% 4, 18%

Bridge to LVAD 1, 4% 0, 0% 1, 2% 0, 0%

Bridge to PTCA 1, 4% 0, 0% 1, 2% 0, 0%

Alive at discharge 22, 85% 26, 74% 48, 79% 16, 72%

Death due to refractory VAs 1, 4% 1, 3% 2, 3% 0, 0%

Only significant P-values are reported (P < 0.05). 
CKD, chronic kidney disease; C-PSGB, continuous percutaneous stellate ganglion block; CMP, cardiomyopathy; CRT-D, cardiac resynchronization therapy defibrillation; CSD, cardiac 
sympathetic denervation; ICD, implantable cardioverter defibrillator; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; NA, not available; OHT, orthotopic 
heart transplant; PTCA,  percutaneous transluminal coronary angioplasty; STEMI , ST-elevation myocardial infarction; TEA, thoracic epidural anaesthesia; VA, ventricular arrhythmias.
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Only two cases (6%) were neither on antiplatelet drugs nor on full an-
ticoagulation. The approach (anatomical vs. US-guided) and the anaes-
thetic drugs chosen for the bolus and the CI were site-dependent 
(details in the Supplementary material). All patients received one bolus 
immediately before the CI. In the whole cohort (n = 32), the mean bo-
lus dosages were 167 ± 35 mg for lidocaine, 48 ± 5 mg for bupivacaine, 
and 50 ± 0 mg for ropivacaine. The median duration of C-PSGB was 3 
days (IQR 1–7); the mean starting infusion rate was 110 ± 21 mg/h for 
lidocaine and 10.4 ± 2.9 mg/h for ropivacaine. Four (12%) minor com-
plications occurred, all among US-guided procedures (incidence 4/18, 
22%): three patients suffered left arm weakness lasting for few hours, 
likely related to the starting bolus, and one patient suffered from mild 
transient dysphonia.

Impact of continuous percutaneous 
stellate ganglion block on ventricular 
arrhythmia burden, dose–response effect, 
and outcome
In 19/32 cases (59%), we observed a complete response, with no sus-
tained or treated VAs during C-PSGB. Only one case (3%), despite a 
reduction in treated VAs after C-PSGB, required an additional urgent 
antiarrhythmic treatment (temporary pacemaker placement to per-
form overdrive suppression of recurrent, mostly non-sustained, VAs). 
Finally, a single patient with an ongoing ES did not experience a reduc-
tion in treated VAs in the first 12 h, leading to 2/32 procedures (6%) 
where C-PSGB did not lead to an acute clinical stabilization (Table 3). 
In the only patient who received a right C-PSGB due to previous 
LCSD, a complete VA suppression was observed. Notably, 2/5 (40%) 
of the patients who received multiple C-PSGB had a reproducible, com-
plete VA suppression; one patient had a partial response during both 
C-PSGBs, and two patients experienced both partial and complete 
VA suppression during different C-PSGBs. Overall, when looking at 
the efficacy in a per-patient analysis and considering the worst re-
sponse, 13/26 patients (50%) had a complete response, and an overall 
clinical benefit was observed in 24/26 patients (92%).

Overall, the number of VAs treated with ATP or shocks was signifi-
cantly reduced from a median of 6 (IQR 3–24) in the 12 h before the 
index procedure to a median of 0 (IQR 0–1) in the 12 h after 
C-PSGB (P < 0.0001) (Figure 2A); comparing the 12 h before with the 
entire CI duration, the number of treated VAs was still significantly re-
duced, with a median of 0 treated VAs after (IQR 0–2) (P < 0.0001) 
(Figure 2B). The median time to the first recurrence was 10 h (IQR 
3–25). Concerning the dose–response effect, 3/11 (27%) of the cases 
in which ropivacaine CI was started at 12 mg/h suffered recurrences, 
as opposed to 3 over 3 of those who started at 4–6 mg/h (P = 0.05). 
No clear dose–response could be demonstrated for the 18 cases of 
CI performed with lidocaine, since in all except for one, the infusion 
rate was ≥100 mg/h (range 100–140 mg/h). Overall, miosis ± ptosis 
was observed in 47% of the procedures, with no differences according 
to complete (53% among those with ptosis vs. 65% among the others, 
P = 0.719) or complete+partial response (93% among those with ptosis 
vs. 94% among the others, P = 1.0). Miosis and ptosis, which are often 
more related to the bolus rather than the CI, were both transient and 
mostly resolved within 12 h.

After acute rhythm stabilization, 8/26 patients (31%) received ad-
vanced VA treatment (VT ablation in seven cases and bilateral cardiac 
sympathetic denervation in one), one patient received percutaneous 
coronary revascularization due to acute graft failure after recent sur-
gery, and one patient received LVAD. Four patients (15%) died before 
discharge, three due to refractory cardiogenic shock and one due to re-
fractory ES several days after C-PSGB removal in the setting of end- 
stage heart failure (HF). The remaining 12 patients (46%) received con-
comitant optimized medical treatment for the favouring/precipitant 

condition and, when appropriate, evaluation for candidacy to LVAD/ 
transplant.

Systematic review
The literature search retrieved 137 papers. After deduplication, 50 stud-
ies were selected for full-text review. Seventeen studies11,13–17,19–29

were included in the systematic review. Two studies25,26 had a partial 
overlapping of four patients receiving TEA; therefore, the duplicated 
patients were included only once. One study from our group18 was 
excluded because the single patient described is also included in the 
current paper. The STAR study,9 published after our literature search, 
was also excluded because, although 20/26 patients receiving C-PSGB 
in that study are included in the current analysis, the paper did not report 
any detail of this group of patients. The PRISMA flow chart diagram is 
shown in Supplementary material online, Figure S1.

Study characteristics
Detailed information of the 17 individual studies is provided in 
Supplementary material online, Tables S3 (C-PSGB) and S4 (TEA), while 
Tables 1–3 provide a summary of patients’ and procedural characteristics. 
Most (12, 71%) are case reports, and expect for two,25,26 the rest are single- 
centre studies. Nine (56%) studies report on C-PSGB, two20,27 on both 
C-PSGB and TEA (in one case series TEA was used as a bailout strategy 
for non-responders to C-PSGB,27 and in one case report TEA was performed 
before C-PSGB20), and six on TEA alone.23–26,28,29 Overall, 35 patients re-
ceived 36 C-PSGBs, while 22 patients received TEA.

Invasive continuous percutaneous stellate ganglion block: 
systematic review
Except for a 6-year-old patient, the rest were adults (range 22–81 
years); most were male (33, 94%), and one was a 21-week gestation 
pregnant female. Most patients (30, 86%) suffered from structural heart 
disease (SHD) with reduced LVEF (including 26% with ST-elevation 
myocardial infarction); MMVTs were the most common VAs at presen-
tation (16/26, 62%), and 23 patients (62%) had an ICD already in place. 
Compared with our population, less patients suffered non-ischaemic 
cardiomyopathy (14 vs. 46%, P < 0.01) and iv lidocaine usage before 
C-PSGB was lower (88 vs. 60%, P = 0.01). Most cases (26, 82%) 
were not on general anaesthesia (GA) at the time of C-PSGB, and six 
(16%) were on mechanical circulatory support (MCS); 41% of those 
with available data were on full anticoagulation at the time of C- 
PSGB compared with 75% in our case series (P = 0.03).

All the procedures were performed on the left side only using the 
US-guided approach. A bolus before CI, mostly performed with ropiva-
caine 25–50 mg, was reported for 21 of the 35 procedures with available 
data. Lidocaine was used for the bolus only in one patient, compared 
with all patients in our case series. The overall duration of each single 
C-PSGB was variable from 1 to 14 days. The local anaesthetic chosen 
for the CI was reported for 35 procedures: the most frequently used 
(30/35, 85%) was 0.2% ropivacaine at 3–12 mL/h (6–24 mg/h), with a 
starting dose of at least 12 mg/h in 17/30 (57%). Overall, the mean ro-
pivacaine starting dose was 11.5 ± 1.3 mg/h, not significantly different 
from the mean dose in our case series. On the contrary, none of the pa-
tients with lidocaine CI had an infusion rate  ≥ 100 mg/h, compared with 
94% in our case series (P = 0.02).

A complete and a partial response were observed in 24 (67%) and 9 
(25%) procedures, respectively, leading to an overall clinical benefit 
(complete plus partial response) in 33 cases (92%); the percentages 
were 69 and 91 in the per-patient analysis. Three cases (8%) required 
immediate additional therapeutic strategies, represented by TEA in 
two cases and by emergent caesarean delivery in one (although in the 
last case, the catheter was found displaced the morning of the recur-
rences). No major complications were reported. Three minor transient 
complications were observed that resolved upon C-PSGB interruption 
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(9%): one case of transient left arm weakness and two cases of transient 
voice hoarseness, leading in one case (3%) to C-PSGB discontinuation. 
Horner’s syndrome/anisocoria development was not systematically as-
sessed in all studies. In most cases, C-PSGB was used to achieve an acute 
stabilization, in the remaining as a bridge to orthotopic heart transplant 
(OHT, 3%), to VT ablation (19%), or to cardiac sympathetic denervation 
(CSD) (11%); nine patients died during the same hospital admission 
(26%) and only one (3%) due to refractory VAs (occurred after 
C-PSGB removal).

Thoracic epidural anaesthesia: systematic review
Except for a 3-year-old boy, the rest were adults (age 22–81 years); 
most were male, and one was a 21-week gestation pregnant female. 
Most patients had SHD with reduced LVEF and suffered MMVT, and 
50% had an ICD. The needle was always inserted at the T1–T2 or 
T2–T3 epidural interspace level. For most patients (19, 86%), a bolus 
was reported, followed by a CI lasting from 1 to 15 days. Bupivacaine 
0.25% was the most frequently used drug for both bolus (1–4 mL, 
79% of cases) and infusion (2–4 mL/h, 76% of cases).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Local anaesthetic chosen for bolus and continuous infusion (a per-procedure analysis)

Our case 
series of 
C-PSGB,  

n = 32

Published 
C-PSGB,  

n = 36

Combined 
population of 

C-PSGB,  
n = 68

All 
published 

TEA,  
n = 22

P-value (our 
case series vs. 
other C-PSGB)

P-value (all 
C-PSGB, vs. 

all TEA)

Bolus injection before CI 32, 100% 21/35, 57% 53/67, 79% 19, 86% <0.0001

Anaesthetic for the bolus

5–10 mL of 0.5% ropivacaine — 8/21, 37% 8/53, 15% — Bupivacaine vs. 

ropivacaine  
P < 0.01

10 mL of 0.25% ropivacaine — 10/21, 48% 11/53, 21% 2/19, 11%

1–4 mL of 0.25% bupivacaine — — — 15/19, 79%

6–12 mL of 0.5% bupivacaine — 2/21, 10% 2/53, 4%

3 mL of 1% lidocaine — 1/21, 5% 1/53, 2% —

1 mL of 0.25% bupivacaine + 1 mL of 2% lidocaine — — — 1/19, 5%

5 mL of 0.25% bupivacaine + 3 mL of 2% lidocaine 1/19, 5%

7.5 mL of 2% lidocaine + 5 mL of 1% ropivacaine 15, 47% — 15/53, 28% —

10 mL of 2% lidocaine 13, 41% 13/53, 25%

5–10 mL of 2% lidocaine +10 mL of 0.5% 
bupivacaine

4, 12% 4/53, 8%

Anaesthetics dose for bolus (mg)

Ropivacaine 50 ± 0 25–50 mg 

(range)

25–50 (range) 25 ± 0

Bupivacaine 48 ± 5 30–60 (range) 30–60 (range) 2.5–12.5 

(range)

Lidocaine 167 ± 35 30 30–200 (range) 20 and 30

Anaesthetic for the CI

0.2% ropivacaine 14, 44% 30/35, 85% 44/67, 66% 5/21, 24% Bupivacaine vs. 
lidocaine vs. 

ropivacaine  

P < 0.0001

Bupivacaine vs. 
lidocaine vs. 

ropivacaine  

P < 0.0001

0.1% bupivacaine — 1/35, 3% 3/67, 4% —

0.05% bupivacaine — 2/35, 6% — —

0.25% bupivacaine — — — 16/21,76%

2% lidocaine 2, 6% — 2/67, 3% —

1.5% lidocaine 16, 50% 1/35, 3% 17/67, 25% —

0.5% lidocaine — 1/35, 3% 1/67, 2% —

CI starting infusion rate —

Ropivacaine ≥ 12 mg/h 11/14, 79% 17/30, 57% 28/44, 64% 0, 0% <0.0001

Mean ropivacaine starting rate (mg/h) 10.4 ± 2.9 11.5 ± 1.3 10.9 ± 2.0 7.3 ± 1.9 0.06

Lidocaine ≥ 100 mg/h 17/18, 94% 0, 0% 17/20, 85% — 0.02

Mean lidocaine starting rate (mg/h) 110 ± 21 10 and 10 —

Bupivacaine ≥ 5 mg/h — 0/2, 0% 0/2, 0% 16, 100%

Mean bupivacaine starting rate (mg/h) — 3 and 3 5 and 5 5 ± 0

Only significant P-values are reported (P < 0.05). 
CI, continuous infusion; C-PSGB, continuous percutaneous left stellate ganglion block; TEA, thoracic epidural anaesthesia.
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Most patients (12, 55%) were on GA for VA control at the time of 
TEA, and three (14%) had an intra-aortic balloon pump. The ongoing 
antithrombotic therapy was reported for 13 patients: 7 (54%) were 
on full anticoagulation that was temporarily withheld before TEA in 
all cases. A complete antiarrhythmic response was reported in 59% 
and a partial one in 18%, leading to an overall acute antiarrhythmic 
benefit in 17/22 patients (77%). Five patients (28%) were considered 
non-responders: two died with ongoing TEA, one underwent OHT, 
one underwent successful CSD, and one improved with AAD up- 
titration. TEA was used for acute stabilization in most cases (59%), as 
a bridge to OHT (9%), to VT ablation (14%), and to CSD (18%) in 
the remaining. Although no major complications were reported, TEA 
was discontinued in four cases (18%): in two patients due to concerns 
for catheter infection and in other two for preventing infections. 
Additionally, in one case, the infusion rate had to be reduced due to 
hypotension.

Analogies and differences between continuous 
percutaneous stellate ganglion block and thoracic epidural 
anaesthesia usage
Including our case series, a total of 61 patients received 68 C-PSGB pro-
cedures, while 22 patients received TEA. Most baseline characteristics 
were not significantly different (Tables 1 and 2) except for the preva-
lence of incessant VT at presentation and of procedures performed 
on intubated and sedated patients (RASS ≤−4), both higher in the 
TEA group (8/22 vs. 0/68, P < 0.001, and 12/22 vs. 19/68, P = 0.04, re-
spectively). Notably, GA was mostly (11/12, 92%) instituted for VAs 
control in the TEA group, as opposed to 4/19 cases (21%) in the 
C-PSGB group (P < 0.001). Also, the usage of iv lidocaine was signifi-
cantly higher in the C-PSGB group (63 vs. 36%, P = 0.004).

The anaesthetic used was mostly ropivacaine (for both bolus and CI) 
in the C-PSGB, alone or in combination with lidocaine, and bupivacaine 
in the TEA group (P < 0.01 for the comparison). Finally, among those 
with available data on the ongoing antithrombotic therapy, 31 cases 

(63%) were on full anticoagulation at the time of C-PSBG (including 
three on extracorporeal membrane oxygenation and four with 
LVAD), as opposed to no patients in the TEA group (P < 0.001).

A complete VAs suppression, assessed in a per-patient analysis, was 
observed in 61% of patients receiving C-PSGB and in 59% of those re-
ceiving TEA and an overall clinical response in 92% and 77%, respective-
ly. In the per-procedure analysis of C-PSGBs, complete and overall 
clinical response occurred in 63% and 93% of cases, respectively. A dir-
ect efficacy comparison was not made due to the heterogeneity of the 
indications for the procedures and particularly the higher prevalence of 
incessant VT and of patients with refractory VAs despite ongoing GA in 
the TEA group.

No major complications occurred in either group, yet the 
side-effect-related discontinuation rate was significantly higher in the 
TEA group (4/22 vs. 1/68 procedures, P = 0.01). Accidental catheter 
displacement was observed in five C-PSGBs as opposed to none of 
TEA (P = ns).

Discussion
The acute management of patients with drug-refractory VAs is ex-
tremely challenging. Acutely available therapeutic strategies include sed-
ation (from mild to deep), percutaneous neuromodulation with either 
PSGB or TEA, and eventually MCS.2,5,30 Several studies including not 
only single-centre case series,18,31 but also systematic reviews32 and 
multi-centre series,9,10 showed that single-injection (bolus) PSGB, 
mostly performed as left-side-only procedure due to the quantitative 
predominance of left cardiac sympathetic innervation at the left ven-
tricular level,3,4 can be extremely effective in reducing VAs burden. 
This effect is independent from the substrate and the type of VAs 
and can be used as a bridge to recovery or to ablation/surgery.8 Yet, 
albeit in same cases the antiarrhythmic effect may last much longer 
than the duration of the local anaesthetic injected, the potential need 

A Treated VAs

Median 6 before (IQR 3–24)
vs 0 during C-PSGB (IQR 0–1)

P < 0.0001

80

12 h before C-PSGB

12 h after C-PSGB start

12 h before C-PSGB

During C-PSGB (first 12 h)

During C-PSGB
(beyond 12 h)

6040200

Number of treated VAs
12 h before vs 12 h after C-PSGB start

Number of treated VAs
12 h before vs the entire duration of C-PSGB

204060120200

B Treated VAs

Median 6 before (IQR 3–24)
vs 0 during C-PSGB (IQR 0–2)

P < 0.0001

80

12 h

6040200204060120200

Median 3 days (IQR 1–7 days)

4 days

9 days

6 days

10 days

Figure 2 Impact of C-PSGB on VA burden in each procedure (n = 31, the only procedure performed due to several episodes of fast non-sustained 
VT was not included). (A) Twelve hours before vs. after C-PSGB. (B) Twelve hours before vs. the entire duration of the CI (VAs occurring in the first 
12 h after C-PSGB and beyond 12 h are depicted in different colours). There was only one case with more VAs in the 12 h after compared with before 
C-PSGB (two after compared with one before) that both occurred during underdosed ropivacaine infusion (4 mg/h) and disappeared after increasing 
the infusion rate from 4 to 12 mg/h. C-PSGB, percutaneous stellate ganglion block; CI, continuous infusion; VAs, ventricular arrhythmia; VT, ventricular 
tachycardia.
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for repeated blocks has been consistently reported when the trigger 
persists and/or there is no short-time definitive treatment avail-
able.9,10,18 C-PSGB may potentially overcome these limitations, leading 
to a prolonged antiarrhythmic effect.

Continuous percutaneous stellate 
ganglion block: dual-centre case series and 
systematic literature review
The presented case series of 26 patients (32 C-PSGB procedures), 
which represents the largest ever reported so far, supports the evi-
dence that C-PSGB, performed as a left-side-only procedure, is feasible, 
safe, and effective for refractory VAs in the setting of SHD. Notably, 
most patients suffered from advanced HF and more than one-third 
of the procedures (12/32, 38%) were performed with ongoing ino-
tropes for haemodynamic support. Therefore, we provided data sup-
porting the usage of C-PSGB even in very unstable patients. In such 
real-life setting, the guidelines recommended2 use of propranolol at 
the high dosages proposed by the randomized Greek study33 was con-
sidered not feasible, and the intensivists preferred using β1 selective 
agents, sometime iv and with very short half-life such as esmolol, to limit 
the potential for peripheral vascular effects and haemodynamic deteri-
oration,34 also taking into account the limited/absent availability of iv 
propranolol in Europe. Notably, the Greek study33 excluded patients 
with a baseline systolic blood pressure (BP) below 90 mmHg.

The mean duration of the infusion was 4 days, the longest 16 days, 
during which no major complications occurred; 50% of the patients 
had previously received at least one bolus only, left-sided PSGB, but 
had suffered VAs recurrences once the effect of the local anaesthetic 
declined. In the remaining patients, C-PSGB was chosen since the begin-
ning over bolus because either no definitive antiarrhythmic therapies 
were planned (e.g. VAs complicating acute HF decompensation) or 
the chosen strategy could not be performed within 24–48 h. Indeed, 
Sanghai et al.11 suggested that compared with single-injection left-sided 
PSGB, CI was associated with a greater reduction in 24 h VAs burden at 
a similar adverse event rate, without the need for repeat procedures. 
Notably, in our case series and in data from the systematic review, 
more than half of the cases had a complete VAs suppression and 
more than 90% an overall clinical benefit during C-PSGB. All consider-
ing, as summarized in Figure 3, our current approach has shifted to 
C-PSGB as the first choice whenever a definitive antiarrhythmic strat-
egy is not planned within 48 h and/or a clear transient/reversible trigger 
cannot be identified.

While most published experiences reported the usage of ropiva-
caine,11,16,19,20,22 we used either lidocaine or ropivacaine. For ropiva-
caine, we observed a dose–response relationship that supports 
starting infusion rates of at least 12 mg/h. The infusion volume (cc/h) 
may also play an important role: larger volumes may help to convey 
the anaesthetic to neuronal fibres, particularly in the case of an anatom-
ical approach where there is no direct visualization of the anatomical 
structures. When the US-guided approach is used and the location of 
the catheter monitored, smaller infusion volumes can be enough.35,36

Indeed, for lidocaine CI, we used an infusion volume of 5–7 mL/h 
with the US-guided approach and of 25 mL/h with the anatomical 
approach.

Concerning lidocaine CI, except for one patient, we always used do-
sages of at least 100 mg/h that are within the maximum lidocaine re-
commended doses for continuous paracervical blocks (133 mg/h)37

and proved to be safe despite ongoing iv lidocaine (20–50 µg/kg/min). 
Notably, unlike many published reports, we always performed a bolus 
injection before the CI, generally using an association between a 
fast-acting (lidocaine) and a longer-acting (mostly ropivacaine) anaes-
thetic. A bolus with a fast-acting anaesthetic has been reported previ-
ously both for VAs control17 and for other continuous sensitive or 

motor blocks to achieve a faster effect. For the interscalene brachial 
plexus block, onset times of 7 min with lidocaine and 30 min with ro-
pivacaine were reported;38 sympathetic structures might be even 
more sensitive to local anaesthetics than sensory and motor struc-
tures,39 but data are very limited. In our case series, the median time 
to the first recurrence was 10 h (IQR 3–25), supporting the usage of 
a combination of local anaesthetics.

Finally, compared with the reported literature, we used both the ana-
tomical and the US-guided lateral approaches. Notably, since the anaes-
thetic is injected more laterally and posteriorly with the lateral 
approach when compared with the anatomical approach, a higher inci-
dence of transient left arm weakness due to transient paralysis of the 
left brachial plexus may occur. Ptosis ± miosis was observed in almost 
half of the patients, but, as already suggested,8,9,18 it was not related to 
C-PSGB antiarrhythmic efficacy.

Continuous percutaneous stellate 
ganglion block and thoracic epidural 
anaesthesia current usage
Theoretically, TEA should be able to provide a more extensive and 
more reproducible cardiac sympathetic block (bilateral, afferent and ef-
ferent, from T1 to T4) compared with left-sided C-PSGB, that only pro-
vides a left-sided afferent and efferent block at the T1 level (±C8).40

Yet, pre-clinical data showed that, despite an increased electrical stabil-
ity induced by TEA, left stellate ganglion stimulation in pigs is still able to 
produce a significant increase in ventricular repolarization dispersion 
after TEA, underlying to complexity of cardiac sympathetic control.41

From a practical standpoint, C-PSGB is easier to perform in the ur-
gency/emergency setting, because it does not require the lateral pos-
ition nor the interruption of anticoagulation. Despite only providing a 
partial cardiac sympathetic block, the efficacy of C-PSGB was remark-
able, and none of the patients required intubation for VAs control. Both 
GA and TEA may reduce peripheral vascular resistances, although no 
case of TEA discontinuation due to BP lowering has been reported in 
this setting. However, BP lowering and catheter infection are potential 
adverse events of this approach.42 Finally, TEA cannot be performed in 
the supine position (such as during cardiopulmonary resuscitation or 
temporary MCS use).

Altogether, despite no direct efficacy comparison can be made so far, 
the use of left-sided C-PSGB as the first strategy for patients requiring a 
continuous, percutaneous, cardiac sympathetic block seems very rea-
sonable.43 Both anatomical and US-guided lateral approaches are ap-
plicable based on operator’s preference. In our experience, the 
US-guided approach requires 5–10 min for the bolus and an additional 
5–10 min for the CI.44 Data from a large multi-centre observational 
study (STAR study) showed a statistically significant efficacy of PSGB 
(mostly performed as bolus) with both the approaches,9 and a pro-
spective trial allowing for both types of approaches is currently ongoing 
in the out-of-hospital setting (LIVE study, ClinicalTrials.gov Identifier: 
NCT04168970).

The further management of patients with VA recurrences during 
C-PSGB may be challenging. Based on our data9,18 suggesting an in-
creased efficacy of repeated left-sided PSGB, a second bolus through 
the catheter should be considered. A single-centre study31 of 30 pa-
tients using bolus PSGB showed that an additional right PSGB did not 
result in any additional benefit in controlling VAs compared with a 
left PSGB only (performed just once), supporting a unilateral approach. 
Yet, in the case of recurrences after a second left bolus, a right block 
might still be considered after careful exclusion of a left-sided phrenic 
nerve paralysis, particularly in case a negative chronotropic effect on 
the sinus node is also pursued45,46 and/or VAs arise from the anterior 
surface of the right ventricle,3,47 due to the larger right-sided sympa-
thetic control on these structures. Figure 3 summarizes our current 
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Treatment algorithm for refractory VT/VF

ACLS

•  AADs  (amiodaron iv, lidocaine iv/procainamide iv, non-selective beta-blockers)
•  Sedation
•  Correction of reversible causes:  ischaemia, hypoxaemia, fever, electrolytes,
   imbalance, toxins
•  ICD/PM reprogramming and overdrive pacing
•  Treatment of specific conditions

Haemodynamic evaluation (SCAI)

•   A–B: Levosimendan, IABP

•   C: Inotropes, pVADs

•   D–E: ECMO, deep sedation

VT unit evaluation

EP and Intensive care cardiologists, Anaesthesiologists
(on call 24/7, standardized protocols and

case discussion)

•  Control of reversible cause within 48 h 
or

•  Invasive treatment planned within 48 h

Yes No

PLSBG C-PLSBG

Refractory VT/VF episodes

Refractory VT/VF episodes

Refractory VT/VF episodes

Heart team discussion

1.  Non-pharmacological treatments:
•  Catheter ablation
•  Cardiac sympathetic denervation
•  Non-invasive stereotactic ablation
•  Heart transplantation
•  LVAD

2.  If 1 not available/not
indicated/excessive risk/patient’s choice:

•  Oral amiodaron
•  Mexiletine (or ranolazine)
•  Propranolol or nadolol

Verify SGB catheter
placement with US,

consider second bolus,
consider right SGB,

general anaesthesia and
eventually TEA

(Needs lateral position and
anticoagulation interruption)

Figure 3 Our current approach to acute neuromodulation for refractory VAs. AADs, antiarrhythmic drugs; ACLS, acute cardiac life support; 
C-PLSGB, continuous percutaneous left stellate ganglion block; LVAD, left ventricular assistance device; TEA, thoracic epidural anaesthesia; US,  ultra-
sound; VA, ventricular arrhythmias; VF, ventricular fibrillation; VT, ventricular tachycardia.
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approach to percutaneous neuromodulation for refractory VAs. 
Notably, despite the current work does not specifically support the 
usage of TEA for patients with major recurrences during C-PSGB, pre- 
clinical and clinical data do suggest that a stepwise cardiac sympathetic 
block may be more effective than a single-site one;48,49 therefore, in our 
opinion TEA might be considered as the last resort after intubation and 
GA.

Limitations
The main limitations of the present paper, shared with most studies as-
sessing acute treatments for refractory VAs, include its retrospective 
nature, the limited sample size, and the heterogeneity of the popula-
tions described. Also, partial efficacy could only be evaluated in a quali-
tative way because most of the published case reports and case series 
did not report the exact number of VAs before and during C-PSGB. 
Data about ICD programming were not available. Most of the patients 
were not administered non-selective beta-blockers, for the reasons ex-
plained in the text above.

Conclusions
Left-sided C-PSGB preceded by a single-bolus injection is safe and ef-
fective for the acute management of patients with refractory VAs. 
Altogether, though no direct efficacy comparison can be made so far 
between C-PSGB and TEA due to different patients’ characteristics, 
with C-PSGB the antiarrhythmic effect may be accomplished with 
less concerns for concomitant anticoagulation, with a lower 
side-effect-related discontinuation rate and no need to reduce infusion 
velocity to avoid hypotension. Ropivacaine and lidocaine were the most 
used drugs, and the available data support a starting dose of 12 and 
100 mg/h, respectively.
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Supplementary material is available at Europace online.
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