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Electrical storm (ES) is a life-threatening condition of recurrent ventricular arrhythmias (VA) in a 
short period of time. Percutaneous stellate ganglion blockade (SGB) is frequently used – however the 
efficacy is undefined. The objective of our systematic review was to determine the efficacy of SGB in 
reducing VA events and mortality among patients with ES. A search of Medline, EMBASE, Scopus, 
CINAHL and CENTRAL was performed on February 29, 2024 to include studies with adult patients (≥ 18 
years) with ES treated with SGB. Our outcomes of interest were VA burden pre- and post-SGB, and 
in-hospital/30-day mortality. A total of 553 ES episodes in 542 patients from 15 observational studies 
were included. Treated VAs pre- and post-SGB were pooled from eight studies including 383 patients 
and demonstrated a decrease from 3.5 (IQR 2.25–7.25) to 0 (IQR 0–0) events (p = 0.008). Complete 
resolution after SGB occurred in 190 of 294 patients (64.6%). Despite this, in-hospital or 30-day 
mortality remained high occurring in 140 of 527 patients (random effects prevalence 22%). Repeat SGB 
for recurrent VAs was performed in 132 of 490 patients (random effects prevalence 21%). In conclusion, 
observational data suggests SGB may be effective in reducing VAs in ES. Definitive studies for SGB in 
VA management are needed. 

Study protocol: PROSPERO - registration number CRD42023430031.
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Background
Electrical storm (ES) is a life-threatening condition defined by three or more sustained or treated ventricular 
arrhythmia (VA) events within 24-hours1–4. ES is not uncommon, occurring in 3.9% of patients with primary 
prevention implantable cardioverter-defibrillators (ICD) and in 10.5% of the secondary prevention population5. 
Despite advances in cardiac critical care and catheter ablation techniques, ES continues to pose significant 
challenges for clinicians, especially in cases where traditional anti-arrhythmic drugs (AAD) fail to provide 
adequate control. Autonomic dysregulation from chronic heart disease along with the adrenergic surge following 
electrical shocks for treatment of arrhythmias results in increased sympathetic tone6. As the autonomic nervous 
system has a significant adverse influence on the pathophysiology of VAs, sympathetic suppression has been 
proposed as a therapeutic target in patients with ES7–10.

The most common approach for sympathetic blockade involves the use of non-selective beta-blockers, 
unless contraindicated or not tolerated, and sedative agents with some requiring invasive mechanical ventilation 
to achieve arrhythmic suppression11,12. Neuromodulation procedures have been considered as an alternative 
treatment method with percutaneous stellate ganglion blockade (SGB) being the most commonly used technique 
in ES12. The stellate ganglion (also known as cervicothoracic ganglion) provides sympathetic innervation for 
the heart13. Located on the anterior surface of the longus colli muscle in the neck, it can be readily and safely 
injected under ultrasound guidance as a bedside procedure for adrenergic suppression14. SGB was initially used 
for treatment of long QT syndrome, but there has been increasing literature supporting its use in ES1,7,15,16.

Current evidence supporting SGB in ES is limited to mostly case reports and small observational cohort 
studies. The objective of this systematic review is to determine the effectiveness of SGB in reducing VA burden 
and mortality in patients with ES.

Methods
This systematic review and meta-analysis was conducted in accordance to the Preferred Reported Items for 
Systematic Reviews and Meta-analysis (PRISMA) statement17. The protocol was registered with the international 
prospective register of systematic reviews (PROSPERO CRD42023430031).

Search strategy
We completed a literature search of five databases (Medline, EMBASE, Scopus, CINAHL and CENTRAL) 
from inception to May 28, 2023. The search strategy was designed by an experienced librarian (VL) using a 
combination of free text words and Medical Subject Heading terms (Supplementary Methods). Manual search of 
eligible articles’ reference lists and relevant review articles was done to identify additional studies. No restrictions 
were placed on date or language of publication. A grey literature search was not completed, but conference 
abstracts from comprehensive database search were included during study selection. An updated search was 
completed on February 29, 2024.

Study selection
Abstract and title screening was preformed independently by two reviewers (two of PM, NQ, NB, MM, WK) 
using Covidence (Covidence systematic review software, Veritas Health information, Melbourne, Australia. 
Available at www.covidence.org). Disagreements were resolved by a third reviewer (PM or NQ). Full-text 
screening was completed independently by two reviewers (PM, NQ) with disagreements resolved by consensus. 
Covidence removed duplicates prior to manual screening; no automation tools were used during screening.

We included published full-text studies and conference abstracts meeting the following inclusion criteria: 
(1) Included adult patients (≥ 18 years of age) with ES; (2) received percutaneous SGB for treatment of ES; and 
(3) reported response to therapy (before and after ventricular arrhythmia, or control comparator) or mortality. 
A comparator/control arm was not required, and single cohort studies were included. Studies that used surgical 
sympathectomy for SGB or studies which had a sample size of less than 10 patients were excluded.

The primary outcomes were response to SGB defined by VA burden or recurrence and in-hospital mortality. 
The VA burden and recurrence was defined by comparison of the number of total and treated VA events before 
and after SGB, or to a control group. In cases where in-hospital mortality was not reported, we used 30-day 
mortality. Secondary outcomes included length of hospitalization and escalation in ES care. Escalation in care 
was defined by any of the following post-SGB: (1) mechanical circulatory support (MCS), including intra-aortic 
balloon pump (IABP), extracorporeal membrane oxygenation (ECMO) or Impella; (2) cardiac transplantation; 
(3) deep sedation with mechanical ventilation; or (4) catheter ablation.

Data extraction
A pre-designed extraction form was created that included study design, patient demographics, SGB procedure 
details and outcomes. Data collection was completed independently by two investigators (PM, NQ). 
Disagreements were resolved by consensus. Repeat SGB procedure and surgical sympathectomy were extracted 
post-hoc as it was a commonly reported outcome. Corresponding authors were emailed on July 9, 2023 for 
missing outcomes.

Risk of bias assessment
The ROBINS-I tool was pre-selected for risk of bias assessment according to the Cochrane Handbook for 
Systematic Reviews of Intervention statement on non-randomized studies of interventions18. All studies report 
the VA burden as before and after SGB. As the current ROBINS-I tool was not developed for before-after studies, 
we changed to the NIH Quality Assessment Tool for Before-After (Pre-Post) Studies With No Control Group 
(https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools)19,20. This tool includes twelve yes/no 
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questions that are used to assess the internal validity of the studies. A quality rating of good, fair or poor is given 
based on the appraised strength of association between SGB and the outcome. Two investigators (PM, GW) 
adapted the tool to include an additional question to address the domain of bias due to confounding based on 
guidance from Chap. 25.5 of the Cochrane Handbook (Supplementary Methods)18. Two investigators (NQ, NB) 
independently answered the 13 questions and provided a quality rating. Disagreement in quality ratings were 
resolved by consensus. As all included studies had a before-after design, GRADE assessment was not completed 
due to the inherent low certainty of evidence in these study types.

Data synthesis and analysis
Data used for meta-analysis of the primary and secondary outcomes were pooled separately and independently 
to allow for the differences in reporting between individual studies. Population demographics are summarized 
by frequency. Continuous variables were summarized using means and standard deviations (SD) if there was 
a normal distribution or with median and interquartile range (IQR) if non-normally distributed. In the case of 
studies using overlapping patient samples, preference was given to the updated study unless there was missing 
data only available in the initial study. The pre-designed method of analysis included summarizing the effect of 
SGB on outcomes using risk ratios.

For ventricular burden, total and treated VA events before and after SGB was analyzed using boxplots and 
paired T-tests of reported and calculated medians. Standardized mean differences (SMD) and 95% confidence 
intervals were calculated with a random effects model using the inverse variance method for the number VA 
before and after SGB. Response to therapy was summarized by frequency fixed and random effects modelling, 
using the following definition: (1) complete resolution – no VA events after SGB; (2) partial resolution – decrease 
in frequency in VA events after SGB and; (3) no resolution – equal or more VA events post-SGB. Death and all 
secondary outcomes were summarized with fixed and random effects modelling. All reported p-values are two-
sided, and a value less than 0.05 was used to indicate statistical significance. Analysis was performed using SAS 
software, version 9.4 (SAS Institute, North Carolina, USA).

Results
Study selection and characteristics
After screening 3035 studies, 15 studies met the inclusion criteria21–35 (Supplementary Fig. 1). The corresponding 
authors of one study provided additional data not included in the published manuscript29. Of the 15 studies, 
13 were single arm cohort studies that report patient outcomes and arrhythmia burden before and after 
SGB21–24,26−29,31–35. The remaining two studies included a retrospective cohort study comparing outcomes 
between different neuromodulation techniques and a comparative study of bolus injection versus continuous 
infusion SGB25,30. The risk of bias assessment identified three studies of good quality26,32,34, eight of fair 
quality21,24,25,28–31,35 and four of poor quality22,23,27,33 (Supplementary Table 1).

Patient population and procedure details
A total of 553 ES events in 542 patients were included. Table 1 provides an overview of the included studies. 
The mean age of the study participants was 62.6 ± 3.7 years and included 91 (17%) females. Half of patients 

Study Year
Sample Size 
(n)

Female, no. 
(%)

Ischemic heart 
disease, no. 
(%)

Previous 
catheter 
ablation, no. 
(%)

Mean Age 
(years)

Mean 
LVEF 
(%) Timing of SGB and inclusion criteria

Batnyam et al.35 2024 15 2 (13.3) 8 (53.3) 10 (66.7) 62.8 31.8 Refractory to medical therapies

Cardona et al.33 2024 15 10 (66.7) 1 (6.7) NA 67.8 NA Refractory – Failure of at least one IV AAD

Chouairi et al.32 2024 117 7 61 (52.1) 66 (56.4) 63.5 26.7 Refractory to conventional therapies

Dhanse et al.21 2022 11 7 (63.6) 9 (81.8) NA 62.7 33.9 Refractory – Failure of IV amiodarone, 
lidocaine and Mg

Halawa et al.22 2021 19 2 (10.5) 10 (52.6) 9 (47.3) 66.5 28 NA

Kotti et al.23 2019 11 NA 11 (100) NA 57 35 Refractory – Failure of at least one oral and 
one IV AAD

Lador et al.24 2023 25 6 (24) 14 (56) 12 (48.0) 59.2 20 Refractory – Not controlled by AADs

Markman et al.25 2023 11 2 (18.2) 6 (54.5) 6 (54.5) 59 15 Refractory – NA

Otakar et al.26 2023 59 3 (5.1) 42 (71.2) NA 67.7 30 Refractory – failure of immediate therapy, 
including sedation and AADs

Pasula et al.27 2023 56 16 (28.6) 43 (76.8) NA 60 NA Refractory – Failure of two AADs

Patel et al.28 2023 11 1 (9.1) 10 (90.9) NA 62.1 NA NA

Reinertsen et al. 29 2021 13 3 (23.1) 6 (46.2) NA 64 23 Refractory – Drug refractory

Sanghai et al.30 2021 18 2 (11.1) 7 (38.9) NA 61.1 30.9 Refractory – Failure of at least one AAD

Savastano et al.34 2024 131 22 (16.8) 37 (28.2) NA 68 25 Refractory – Failure of at least one IV AAD

Tian et al.31 2019 30 8 (26.7) 17 (56.7) 14 (46.7) 58 34 NA

Table 1.  Study characteristics. Abbreviations: AAD – anti-arrhythmic drug, IV – intravenous, Mg – 
magnesium, NA – not available, SGB – stellate ganglion block.
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(52.0%) had ischemic heart disease and the median LVEF was 29% (interquartile range [IQR]: 23.5–31.8%). 
Twelve studies included patients with ES refractory to initial management21,23–27,29,30,32–35, while the other three 
studies did not report the refractoriness of ES. Treatment therapies used prior to SGB are summarized in Table 2. 
Patients were typically treated with amiodarone and lidocaine as first and second line AADs. In reported studies, 
MCS was used in 161 (33%) patients and deep sedation with mechanical ventilation was used in 148 (33%) 
patients prior to SGB.

Supplementary Table 2 describes the different techniques and anesthetic agents used during the procedure. 
Four studies exclusively performed SGB on the left stellate ganglion23,28,30,33. Three studies used a combination 
of bolus or continuous anesthetic infusions28,30,34, and one study compared the two techniques30. Anesthetic 
agents included lidocaine in 7 studies23,25,29,31–34, bupivacaine in 11 studies23–27,29−34 and ropivacaine in 7 
studies21,25,28–30,32,34.Two studies used an injectate that included dexamethasone to prolong nerve blockade29,33.

Ventricular arrhythmia response
Total and treated VAs events are summarized for the individual studies in Table  3. VAs requiring external 
cardioversion/defibrillation or ICD therapy were pooled from eight studies involving 383 patients and showed 
a median (IQR) decrease from 3.5 (2.25–7.25) to 0 (0–0) events (Fig. 1A, p = 0.007)21,25,26,29,32–35 and a SMD of 
1.07 (CI 0.85–1.29; I2 = 34.7%)21,25,26,32,33,35,36 during in-hospital follow-up. Follow-up at 24 h post-SGB, based 
on data from three studies with 141 patients, demonstrated a difference in the median number of episodes 
from 2.5 (2–4) to 0 (0-0.3; Fig. 1C, p = 0.05)25,29,32 and a SMD of 0.70 (CI 0.45–0.96; I2 = 0%)25,32. Similarly, the 
median number of total (treated and untreated) VAs before and after SGB decreased from 7.8 (5.2–9.5) to 0 (0–
0)22,25,29–32 during in-hospital follow-up of 208 patients reported in six studies (Fig. 1B, p = 0.009) 22,25,29−3 with 
a SMD of 0.97 (CI 0.74–1.20; I2 = 0%)22,25,30,32. At 24 h post-SGB, data reported in four studies including 159 
patients found a median (IQR) reduction from 7.8 (6-8.5) to 0 VAs (0-0.3; Fig. 1D, p = 0.036)25,29,30,32 with a SMD 
of 0.90 (CI 0.66–1.14; I2 = 0%)25,30,32. Complete resolution of VAs after SGB occurred in 220 of 326 (67.5%) with 
a random effects incidence of 70% (CI 59 − 80%). Repeat SGB for recurrent VAs occurred in 123 of 410 patients 
with a random effects incidence of 21% (CI 13 − 29%; Table 3).

Patient outcomes
Tables 4 and 5 pooled patient outcomes, and Supplementary Table 3 provides individual study outcomes. In-
hospital or 30-day mortality occurred in 140 of 527 patients (26.7%) across 13 studies (Table 5) with a random 
effects incidence of 22% (CI 15 − 29%)21–24,26−32,34,35. Among 128 patients from five studies, MCS was required 
post-SGB in 11 patients (8.6%) with a random effects incidence of 7% (CI 2 − 11%)22,26,28,29,35. Additionally, 
11 of 108 patients (10.2%) required de novo implementation of deep sedation and mechanical ventilation after 
SGB with a random effects incidence of 15% (CI -8 − 37%)24,26,29. Cardiac transplantation occurred in 19 of 107 
(17.8%) reported in five studies22,24,30,31,35. Post-SGB catheter ablation was performed in 165 of 458 patients 
(36.0%) from eleven studies with a random effects incidence of 32% (CI 22 − 41%)22–26,28,30–32,34,35.

Discussion
In this systematic review and meta-analysis of observational studies evaluating SGB in ES, we found a significant 
reduction in the total and treated VA events post-SGB. Notably, 70% and 19% of recipients had complete and 
partial resolution of VA events, respectively, while only 9% had no change in VA events. The in-hospital or 30-
day mortality was 22% and escalation of therapy including MCS (7%), deep sedation with mechanical ventilation 

Study Year
Sample Size 
ES, n

Beta-blocker, 
no. (%)

Amiodarone, 
no. (%)

Lidocaine, no. 
(%)

Procainamide, 
no. (%)

Deep sedation 
with mechanical 
ventilation, no. (%)

Mechanical 
circulatory 
support, 
no. (%)

Batnyam et al.35 2024 15 NA 12 (80) 8 (53) NA 2 (13) NA

Cardona et al.33 2024 15 15 (100) 15 (100) 0 (0) 0 (0) NA NA

Chouairi et al.32 2024 117 16 (14) 99 (85) 62 (53) 22 (19) 66 (56) 38 (33)

Dhanse et al.21 2022 11 1 (9) 11 (100) 11 (100) NA 4 (36) 3 (27)

Halawa et al.22 2021 19 NA NA NA NA 9 (47) NA

Kotti et al.23 2019 11 NA NA NA NA NA NA

Lador et al.24 2023 25 8 (32) 23 (92) NA NA 5 (20) 22 (88)

Markman et al.25 2023 11 NA 11 (100) 10 (91) NA 9 (82) 8 (73)

Otakar et al.26 2023 70 64 (91) 55 (79) NA NA 0 (0) 3 (4)

Pasula et al.27 2023 56 NA NA NA NA NA 25 (45)

Patel et al.28 2023 11 NA NA NA NA 4 (36) NA

Reinertsen et al. 29 2021 13 NA 13 (100) 23 (100) 1 (8) 5 (38) 7 (54)

Sanghai et al.30 2021 18 NA 15 (83) 14 (78) 0 (0) 7 (39) 2 (11)

Savastano et al.34 2024 131 21 (16) 34 (26) 67 (51) 5 (4) 37 (20) 25 (19)

Tian et al.31 2019 30 NA 27 (90) NA NA NA 28 (93)

Table 2.  Interventions used for electrical storm before stellate ganglion block was preformed. Abbreviations: 
ES – electrical storm. NA – not available, SGB – stellate ganglion block.
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(15%) and cardiac transplantation (16%) were commonly used post-SGB. While the available published literature 
to date evaluating SGB is limited to observational studies, SGB appears effective at reducing subsequent VA 
events but there remains significant residual risk to patients given the high in-hospital/30-day mortality.

The use of SGB for sympathetic blockade in ES was first described more than two decades ago7,37. Despite 
this, there has been limited progress in developing a robust body of evidence for its use in ES. A prior systematic 
review and meta-analysis published in 2017 collected small case-series and case reports totalling 38 patients 
from 23 studies15. They reported a decrease from 10 ± 9.1 to 0.05 ± 0.22 treated VAs/day pre- and post-SGB 
respectively, with 24 of the 38 patients having complete resolution. Despite the weak quality of evidence, SGB 
has garnered recommendations for ES treatment in multiple reviews and holds a class IIb indication in the 
European Society of Cardiology’s Guidelines for the management of patients with ventricular arrhythmias 
and the prevention of sudden cardiac death3 as well as multiple consensus statements4,38. As a result, SGB is 
currently performed in 82.5% of capable medical centres for treatment of ES and is most commonly performed 
in refractory ES cases12. Due to the progress in the body of evidence, a systematic reappraisal of SGB’s efficacy 
was necessary to establish a more conclusive understanding of its benefits and limitations. This is particularly 
true given heterogeneity in the timing of SGB and pre-SGB medical therapy given to ES patients.

This systematic review suggests a significant reduction in VA events following SGB. Although an immediate 
effect of SGB appears evident, it remains uncertain whether this effect translates to improved patient outcomes, 
especially in the absence of control comparators and randomized control trials (RCT). Although this study 
did not specifically evaluate safety, most complications of the SGB procedure itself are temporary with a small 
risk for neurovascular and infectious complications, and rarely mortality39. Furthermore, this meta-analysis 
highlights a high mortality rate of 26.6% despite being treated with SGB, reflecting the poor outcomes associated 
with medically-refractory ES occurring in patients with systolic dysfunction. In contrast, the International 
Electrical Storm Registry (ELECTRA) reports a lower one-year mortality of 14.8% and a study of propranolol 
versus metoprolol for the management of ES reported no deaths during its two-month follow-up period8,40. In 
the absence of a comparator, no conclusions can be made on the mortality effects of SGB. The high mortality rate 
identified in this study is likely related to the included patient population being higher risk with predominantly 
refractory ES, as well as competing risk of death from heart failure, shock and myocardial infarction. Furthermore, 
the patients included in our review were mostly men, had a history of ischemic heart disease and relatively young 
with a median age around 60 years. In the absence of more granular data, it is unclear if there is a difference in 
outcomes between sexes, etiology of heart disease, and age.

This study highlights the variability in SGB procedure techniques. Although the injectate typically includes 
one of three anesthetic agents (lidocaine, ropivacaine, or bupivacaine), many studies used different doses, 
combined anesthetics, and two added dexamethasone. Furthermore, the studies included had different methods 
for selecting the injection site, with some studies utilizing left and/or right stellate ganglions. There are potential 
physiologic differences between sites; right-sided injections were found to prolong the QT interval and have a 
marked decrease in heart rate while left-sided blockade decreases the QT interval without a significant change 
in heart rate41,42. Based on our study, there is insufficient data to comment on the efficacy of SGB based on site. 
Given that the current systematic review reports a repeat SGB injection frequency of 22.8%, it does raise the 
question whether a longer course of treatment with continuous infusions or routine scheduled repeat injections 

Study

Sample 
Size 
(ES), n

Follow-
up 
period, 
h

VA Episodes Response

Repeat 
SGB, no. 
(%)

In-
hospital/30- 
day 
mortality, 
no. (%)

Treated VAs 
before SGB, 
median (IQR)

Treated VAs 
after SGB, 
median 
(IQR)

Total VAs 
before SGB, 
median (IQR)

Total VAs 
after SGB, 
median 
(IQR)

Complete 
resolution, 
no. (%)

Partial 
resolution, 
no. (%)

No 
response, 
no. (%)

Batnyam et al.35 15 NA 4 (1, 7.5) 0 (0, 0) NA NA NA NA NA NA 1 (6.7)

Cardona et al.33 15 NA 3 (2, 5.5) 0 (0, 0) NA NA NA NA NA NA NA

Chouairi et al.32 117 48 2 (0, 8) 0 (0, 0) 7.5 (3, 27) 0 (0, 1) NA NA NA 53 (45.3) 47

Dhanse et al.21 11 48 14 (8, 30) 2 (2, 4) NA NA 5 (45.5) 5 (45.5) 1 (9.0) NA 3 (27.3)

Halawa et al.22 19 NA NA NA 4.4 ± 2.5 
(mean)

2.2 ± 3.5 
(mean) 8 (42.1) NA NA NA 4 (21.1)

Kotti et al.23 11 NA NA NA NA NA NA NA NA 3 (27.3) 3 (27.3)

Lador et al.24 25 72 NA NA NA NA 19 (76) 6 (24) NA 2 (8) 8 (32)

Markman et al.25 11 24 2 (0, 8) 0 (0, 1) 10 (3, 13) 0 (0, 1) 8 (72.7) 1 (9.1) 2 (18.2) 2 (18.2) NA

Otakar et al.26 70 48 11 (5, 31) 0 (0, 0) NA NA 53 (75.7) 16 (22.9) 1 (1.4) 8 (11.4) 8 (11.4)

Pasula et al.27 56 72 NA NA NA NA 29 (51.8) NA NA 16 (28.6) 18 (32.1)

Patel et al.28 11 24 NA NA NA NA 10 (90.9) 0 (0) 1 (9.1) 1 (9.1) 3 (27.3)

Reinertsen et al.29 13 96 3 (NA) 0 (NA) 8 (NA) 0 (NA) 8 (61.5) NA NA 1 (7.7) 0 (0)

Sanghai et al.30 18 24 NA NA 1.6 (0.5, 3) 0 (0, 0.4) 12 (66.7) 5 (27.8) 1 (5.5) 4 (22.2) 2 (11.1)

Savastano et al.34 131 12 6 (3, 15.8) 0 (0, 0) NA NA NA NA NA 35 36 (27.5)

Tian et al.31 30 72 NA NA 11 (NA) 0 (NA) 15 (50) 6 (20) 9 (30) 7 (23.3) 7 (23.3)

Table 3.  Individual study arrhythmia outcomes before and after stellate ganglion block. Abbreviations: ES – 
electrical storm, IQR – interquartile range, NA – not available, SGB – stellate ganglion block, VA – ventricular 
arrhythmia.
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Outcome Complete resolution of VAs Partial resolution of VAs Repeat SGB No response

Number of Studies 1221,22,24–31,33,35 921,24–26,28,30,31,33,35 1123–32,34 721,25,26,28,30,31,35

Sample Size, n 294 206 493 166

Events, no. (%) 195 (66.3) 45 (21.8) 123 (27.0) 16 (9.6)

RE Frequency, % (CI 95%; I2) 70% (59-80%; 78%) 19% (12-26%; 36%) 21% (13-29%; 76%) 9% (2-16%; 59%

Table 4.  Pooled summary of ventricular arrhythmia response with fixed and random effects model. 
Abbreviations: I2– heterogeneity, RE – random effects, SGB – stellate ganglion block, VA – ventricular 
arrhythmia.

 

Fig. 1.  Median ventricular arrhythmia events requiring external shock or ICD therapies before and after 
stellate ganglion block for in-hospital follow-up (A) and at 24 h post- stellate ganglion block (C), and median 
ventricular arrhythmia events before and after stellate ganglion block during in-hospital follow-up (B) and 
at 24 h post- stellate ganglion block (D). Abbreviations: ICD – implantable cardioverter-defibrillator, VA – 
ventricular arrhythmia.
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would yield greater benefits. Future high-quality RCTs with standardized techniques would provide more 
definitive results and their protocols will likely serve as the basis for creating a standardized approach. Lastly, the 
role and timing of catheter ablation or surgical sympathectomy is unclear in patients with ES, and the efficacy 
of SGB in combination with other therapies is unclear. The GANGlion Stellate Block for Treatment of Electric 
storRm (GANGSTER) trial is an ongoing double-blinded, sham-controlled RCT on left SGB with bupivacaine in 
management of ES (NCT05078684) that may provide further insights into the efficacy of SGB.

There are important limitations to consider in this study. First, all included studies in this review have an 
observational before-after design that has an inherent risk of bias due to confounding variables. While the 
pre-SGB cohort may in theory serve as control comparators, co-interventions such as AAD administration or 
sedation result in confounding and potentially an overestimation of effect; this may particularly be true for 
amiodarone, with its unique pharmacokinetics and delayed onset. This highlights the broader issue of the overall 
low-quality evidence in ES, where recommendations often stem from non-ES, animal, observational studies, 
or small RCTs2,4,12. Second, none of the studies included a control comparator, and the before/after single-arm 
study is a weaker study design. Although we found evidence that SGB decreases VA burden versus pre-SGB, it is 
not clear if SGB reduces the mortality rate or reduces the need for MCS or mechanical ventilation. Third, these 
studies have significant methodological heterogeneity due to the variability in SGB procedure techniques and 
we can not comment on an ideal injectate, site or method, and impact of underlying heart disease. Furthermore, 
there is no widely accepted risk of bias tool for before-after study designs. While we believe the adapted NIH tool 
used proved to be adequate, it is important to note that this method has not been validated.

Conclusion
This systematic review and meta-analysis of SGB and ES identified a reduction in VA events following SGB. 
Despite its apparent therapeutic efficacy, this patient population remains at high-risk of short-term mortality. 
Randomized data is needed to establish SGB as a therapeutic approach to the management of ES.

Data availability
Data are available on request by contact through the corresponding author.
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