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Abstract
Purpose of Review To highlight the indications, procedural considerations, and data supporting the use of stellate ganglion
blockade (SGB) for management of refractory ventricular arrhythmias.
Recent Findings In patients with refractory ventricular arrhythmias, unilateral or bilateral SGB can reduce arrhythmia burden and
defibrillation events for 24–72 h, allowing time for use of other therapies like catheter ablation, surgical sympathectomy, or heart
transplantation. The efficacy of SGB appears to be consistent despite the type (monomorphic vs polymorphic) or etiology
(ischemic vs non-ischemic cardiomyopathy) of the ventricular arrhythmia. Ultrasound-guided SGB is safe with low risk for
complications, even when performed on anticoagulation.
Summary SGB is effective and safe and could be considered for patients with refractory ventricular arrhythmias.
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Introduction

Ventricular tachycardia (VT) and fibrillation (VF) are life-
threatening arrhythmias with an increasing prevalence [1].
Ventricular arrhythmias are especially common in cardiac
and surgical intensive care units, and they are responsible for

over 450,000 deaths every year in the USA [2]. Electrical
storm is a particularly challenging clinical entity in which
VT/VF events recur frequently (3 or more episodes of
sustained or hemodynamically significant VT/VF in 24 h).
This dangerous clinical entity is commonly driven by under-
lying structural heart disease, and approximately 10–40% of
patients have a prior history of VT/VF [3]. Even in the pres-
ence of an implantable cardiac defibrillator (ICD), electrical
storm confers an eightfold higher risk of arrhythmic death [4].
Despite the use of antiarrhythmic medications, acute mortality
due to electrical storm remains over 20% [5].

The sympathetic nervous system is a key player in the
genesis of ventricular arrhythmias and represents an important
therapeutic target [6]. Established treatments for ventricular
arrhythmias include β-blockers, other antiarrhythmic medica-
tions, mechanical circulatory support, and catheter ablation.
However, these treatments are often inadequate and often do
not successfully suppress VT/VF events. In some cases, the
arrhythmias persist despite all therapies, while in other cases,
patients may be too hemodynamically unstable to permit in-
terventions like catheter ablation.Mounting evidence suggests
that stellate ganglion blockade (SGB) can reduce myocardial
sympathetic tone and thus serve as a useful adjunct in the
management of ventricular arrhythmias and electrical storm.
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SGB has been described as a useful suppressive therapy for
ventricular arrhythmias or as a bridge therapy to other inter-
ventions such as surgical sympathectomy, heart transplanta-
tion, or catheter ablation [7••].

In this manuscript, we provide a comprehensive review of
the anatomy of the stellate ganglion, indications for SGB,
procedural technique, safety considerations, and current
evidence supporting SGB for treating refractory ventric-
ular arrhythmias. This review concludes with a discus-
sion of future directions.

Anatomy and Indications

The stellate ganglion is a collection of neuron cell bodies
characterized by the fusion of the inferior cervical and first
thoracic sympathetic ganglia (Fig. 1). The word “stellate” is
used to describe the ganglion’s star-like shape. The ganglion
is variably located in the lower part of the neck, typically
anterior to the C7 or T1 vertebral body [8]. In the stellate
ganglion, thoracic preganglionic sympathetic nerves synapse
with post-ganglionic sympathetic nerves that provide efferent
sympathetic output to the myocardium, upper extremity, neck,
and face. In the context of normal physiologic function, SGB
mediates multiple cardiovascular effects, including vasodila-
tion of the upper extremity and face, anhidrosis (part of
Horner’s syndrome), and reduced inotropy and
chronotropy. This is why SGB has been successfully
used to treat upper-extremity ischemia from Raynaud’s

disease [9], hyperhidrosis [10], refractory angina [11],
and ventricular arrhythmias (Table 1) [12••, 13••].

The stellate ganglia are bilateral structures. However, the
right and left stellate ganglia do not have equivalent sympa-
thetic effects on the myocardium. In canine models, left stel-
late ganglion resection results in higher thresholds for induc-
tion of VF compared with controls and those with right stellate
ganglion resection [14]. Likewise, coronary artery occlusion
amidst left SGB is less arrhythmogenic compared with con-
trols and/or right SGB [15]. These results suggest that the left
stellate ganglion contributes more sympathetic tone to the
myocardium than the right. This explains why most human
studies use unilateral left SGB for treatment of ventricular
arrhythmias [7••, 13••]. However, it is also important to note
that damage to the myocardium can result in remodeling of
both the right and left stellate ganglia, which supports the use
of bilateral blockade for treatment of ventricular arrhythmias
[16•]. In a porcine model of myocardial infarction (MI), myo-
cardial injury induced bilateral morphologic and neurochem-
ical changes in the stellate ganglia about 5 weeks after the
initial insult [16•]. MI led to an increase in neuronal size and
synaptic density of both stellate ganglia, with a measurable
increase in neuronal firing for up to 8 weeks. This illustrates
that the stellate ganglion is not just a relay point for efferent
nerve signals but also receives afferent input from the heart,
resulting in the aforementioned changes. Further, remodeling
with changes in gene expression and neuronal structure is not
limited to stellate ganglia but is also found in the thoracic
dorsal root ganglia (DRG) of the spinal cord [17, 18],

Fig. 1 Sympathetic innervation to
the heart
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suggestive of afferent crosstalk between the stellate ganglion
and central nervous system as well.

It is important to understand that while SGB is a relatively
recent addition to the electrophysiologic armamentarium,
SGB is most commonly used for treatment of chronic pain
conditions like complex regional pain syndrome (CRPS),
orofacial pain, and post-mastectomy pain (Table 1) [19–22].
Given that pain relief can be achieved via sympathetic block-
ade, these pain syndromes are often characterized as “sympa-
thetically mediated.” Although the underlying mechanisms
remain to be fully elucidated, the coupling between sympa-
thetic efferent fibers and afferent nociceptive fibers is believed
to contribute to these pain states [23]. Central mechanisms
have also been postulated [24]. There are also reported direct
neural connections from the stellate ganglion to intracerebral
areas like the amygdala, hypothalamus, and insula,
which are known to be involved in pain perception
[24]. These areas are also activated during hot flashes
and post-traumatic stress disorder, which may explain
why SGB has been used successfully for the treatment
of these disorders as well (Table 1) [24–26].

Stellate Ganglion Block Procedure

Decades ago, SGB was a “blind” procedure performed with-
out image guidance and based on the palpation of anatomical
landmarks to guide the needle. The procedure is now most
commonly performed using either fluoroscopic or ultrasound
guidance. Ultrasound has increasingly become the imaging
modality of choice, as it allows for direct visualization of
critical structures that reside near the stellate ganglion, includ-
ing the carotid and vertebral arteries (Fig. 2). Recent studies
reporting on the use of SGB for the management of ventricular
arrhythmias were performed predominantly with ultrasound
guidance [12••, 13••]. The use of ultrasound is recommended
as this can easily be utilized at the bedside. Additionally, many
of these patients are anticoagulated when the procedure is
performed, and thus visualization of nearby vascular struc-
tures is helpful to actively avoid puncture and subsequent
bleeding.

The technical details of ultrasound-guided SGB have
been described previously [27, 28]. In brief, an
echogenic needle is guided via continuous ultrasound
visualization in an in-plane fashion until the tip of the
needle is between the carotid artery and longus colli
muscle at either the C6 or C7 level (Fig. 2). Caudal
spread of local anesthetic leads to blockade of the stel-
late ganglion in the C7/T1 region. The risk of vertebral
artery puncture is higher at the C7 level, but utilization
of Doppler imaging to identify vessels minimizes this
risk. As described by Elmofty et al., discerning between
the C6 and C7 levels can be difficult and using the
location of the cervical nerve roots as a guide can be
helpful [29]. Once the needle is in its final position, 8–
10 mL of 0.2% ropivacaine is typically injected after
negative aspiration for blood (to ensure the needle is
not intravascular). Ropivacaine is a long-acting local
anesthetic with duration of action ranging from 2 to
8 h depending on the site of injection [30]. Due to
reduced potential for causing cardiotoxicity, it is pre-
ferred over bupivacaine, a more commonly utilized
long-acting local anesthetic [30]. While small concentra-
tions of epinephrine are often mixed with local anesthet-
ic to prolong the block and also detect an inadvertent

Fig. 2 Ultrasound-guided left stellate ganglion block. The yellow line
indicates the needle trajectory, and the star is the site of injection. The
stellate ganglion resides between the carotid artery and the longus colli
muscle at the C7/T1 level. The block is often performed at the C6 level to
avoid the vertebral artery. The recurrent laryngeal nerve is not denoted
here but is posterior to the thyroid gland, hence why this can be
inadvertently blocked when targeting the stellate ganglion. SCM
sternocleidomastoid muscle, CA Carotid artery, IJV Internal jugular
vein, AS anterior scalene muscle, LC Longus colli muscle, AT Anterior
tubercle of C6 vertebrae (Chassaignac’s tubercle)

Table 1 Indications for stellate ganglion block. Complex regional pain
syndrome (CRPS) is the most common indication. PTSD post-traumatic
stress disorder

Pain Cardiovascular Other

CRPS
Orofacial pain
Post-herpetic neuralgia
Post-mastectomy pain

Ventricular arrhythmias
Raynaud’s disease
Refractory angina
Hyperhidrosis

PTSD
Hot flashes
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intravascular injection, this is avoided to prevent inad-
vertent worsening of underlying ventricular arrhythmia.

Measuring Technical Success of Stellate
Ganglion Blockade

How does one know whether SGB has been performed suc-
cessfully? Unfortunately, there are few reliable markers with
high sensitivity and specificity. A rise of measured tempera-
ture in the ipsilateral hand has traditionally been viewed as a
marker of successful block (Fig. 3). This is secondary to the
vasodilation and reduced perspiration that SGB causes in the
upper extremity. Recent studies, however, have shown that
when SGB is used for treatment of pain, a rise in temperature
does not necessarily correlate with pain reduction, thus
questioning the utility of this measure [19, 31].

Some have used the presence of Horner’s syndrome (pto-
sis, anhidrosis, miosis) as a marker for successful SGB [19,
32]. However, Horner’s syndrome can also occur with

blockade of the middle or superior cervical ganglion, and thus,
this is not a finding that is specific to SGB. The presence of a
Horner’s syndrome after SGB has also not been predictive of
pain reduction [19] and thus has poor sensitivity.
Finally, Horner’s syndrome can be difficult to observe
in ICU patients who are sedated, as is the case for
many patients who receive SGB for the management
of refractory ventricular arrhythmias.

Another potential metric for the technical success of SGB
is the perfusion index (PI) [32–34]. Described in detail by
Ginosar et al., PI is an objective parameter that is measured
from the pulse oximeter with higher values suggesting in-
creased blood flow [35]. Sahin et al. performed SGB on 40
patients with vasospastic Raynaud’s disease and observed
higher PI in those patients with successful SGB [32]. Of note,
they defined block success by the presence of Horner’s syn-
drome which is controversial. Interestingly, PI was found to
be superior to skin temperature readings in assessing for va-
sodilation after epidural anesthesia [35].

In summary, there is no consensus on the ideal way to
confirm technical success of SGB. As SGB becomes more

Fig. 3 Heat profile of patient before and 10 min after stellate ganglion blockade. From pre to post, there is an increase in the temperature on the forehead
and hands, which is used as a surrogate for successful stellate ganglion blockade
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frequent in clinical practice, there will be a greater need to
develop a confirmatory assessment of block. Future efforts
may need to evaluate a measure that combines several poten-
tial indicators, including cutaneous temperature changes, per-
fusion index, and Horner’s syndrome.

Safety of Stellate Ganglion Blockade

Goel et al. recently published a systematic review of compli-
cations associated with SGB when performed for mostly pain
indications [36••]. The most common reported complications
were hoarseness, hematoma, light-headedness, hypertension,
and brachial plexus block. The probability of these complica-
tions occurring could not be ascertained, as this was just a
review of published case reports. In general, SGB is regarded
as a safe procedure and is routinely performed on outpatients
for treatment of pain.

The most common reported complication from SGB is
hoarseness [36••]. Hoarseness is transient and secondary to
inadvertent recurrent laryngeal nerve (RLN) blockade [37].
In a study of 20 patients on whom SGB was performed with-
out any image guidance, the incidence of RLN blockade was
found to be 10%when 10mL of local anesthetic was used and
80% when 20 mL was used [37]. Given the increasing use of
ultrasound for this procedure, ≤ 10 mL of local anesthetic is
typically injected, and thus, the probability of RLN blockade
is likely lower than reported. While unilateral RLN blockade
is considered benign, bilateral blockade could lead to acute
closure of the vocal cords which may require emergent airway
intervention, hence why many clinicians who use SGB for
pain relief consider bilateral SGB contraindicated [38].
Similarly, surgeons often use intraoperative nerve monitoring
during thyroidectomy surgery to detect inadvertent RLN inju-
ry so that if it occurs, total thyroidectomy is stopped to avoid
potential injury to the contralateral RLN [39]. Given these
concerns, bilateral SGB is safest in intubated patients. This
was the protocol followed by Tian et al. for the 15 patients
who received bilateral SGB for treatment of refractory ven-
tricular arrhythmias [13••]. However, it is important to note
that given the morbidity and mortality of ventricular arrhyth-
mias, risk/benefit assessments for bilateral SGB are different
from those for its use in pain relief. Interestingly, Fudim et al.
performed 20 bilateral SGBs for treatment of refractory ven-
tricular arrhythmias, and 7 of these patients were not intubated
[12••]. One of these patients exhibited transient hoarseness,
but no airway interventions were required [12••].

Neck hematoma is the secondmost common reported com-
plication of SGB [36••]. Of the 41 reported cases of hemato-
ma, most resolved without intervention, but 5 required urgent
tracheostomy [36••]. As many patients with ventricular ar-
rhythmias are on anticoagulation, the decision to continue or
stop anticoagulation before SGB is a challenging one. When

SGB is utilized for treatment of pain, anesthesiology and pain
medicine societies recommend that anticoagulants like warfa-
rin, clopidogrel, and direct oral anticoagulants (DOACs) be
discontinued many days before the procedure to reduce the
risk of neck hematoma [40]. However, hospitalized patients
with VT/VF are often on anticoagulation for critical reasons
(e.g., ventricular assist device, extracorporeal membrane oxy-
genation, intra-aortic balloon pump, coronary stents), and ben-
efits of continuing anticoagulation during SGB likely out-
weigh the small risk of hematoma. Additionally, performing
SGB for treatment of ventricular arrhythmias is time sensitive,
and it is not feasible to wait for a long-acting anticoagulant to
metabolize before performing the procedure. Reassuringly, no
bleeding complications were reported in recent studies when
SGB was used for treatment of refractory VT/VF despite un-
interrupted anticoagulation [12••, 13••].

A feared complication of SGB when used for management
of ventricular arrhythmias is local anesthetic systemic toxicity
(LAST). Patients with refractory ventricular arrhythmias may
already be on lidocaine and/or procainamide infusions for
arrhythmia suppression. In addition to functioning as antiar-
rhythmics, these medications are also local anesthetics. Given
that local anesthetic toxicity is additive [41], use of local an-
esthetic (i.e., ropivacaine) during SGB could lead to LAST in
the presence of ongoing lidocaine and/or procainamide infu-
sions. This may be even more of a concern in patients also
treated with amiodarone, as this has been reported to increase
plasma lidocaine levels due to potential cytochrome inhibition
by amiodarone [42]. To reduce the risk of LAST, some stop
lidocaine and procainamide infusions prior to SGB. The
context-sensitive half time of lidocaine after prolonged infu-
sion is ~ 30 min, and thus, plasma levels are minimal ~ 2.5 h
after discontinuing the infusion [43]. To our knowledge, the
context-sensitive half time of procainamide after
prolonged infusion has not been reported but is known
to be longer than lidocaine [44]. Given that significant
amounts of local anesthetic for SGB are not being
injected and that performing the procedure is time sen-
sitive, some do not wait for lidocaine and procainamide
serum levels to reduce to negligible levels before
performing SGB and proceed approximately 2 h after
the infusions are stopped. In a small study of 11 pa-
tients who received non-image-guided unilateral SGB
with 10 mL of 0.5% bupivacaine for treatment of pain,
the median time to maximum plasma bupivacaine levels
was 5 min, and levels significantly dissipated by 60 min
[45]. Given that it takes many hours for lidocaine and
procainamide to get back to steady-state levels after
starting an infusion (without a bolus) [43, 44], restarting
these infusions approximately 1 h after SGB seems rea-
sonable. Should LAST occur after SGB, rapid treatment
with lipid emulsion therapy is critical, as described in
detail by Neal et al. [41].
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Outcomes of Stellate Ganglion Blockade
for Ventricular Arrhythmias

Prior to 2019, the successful use of SGB for treatment of
ventricular arrhythmia was confined to case reports and series.
A comprehensive meta-analysis of 22 case reports/series pub-
lished between 1974 and 2017 identified only 35 patients
treated with SGB for VT/VF [7••]. Prior to SGB, all patients
were on ≥ 1 antiarrhythmic medication, 23% underwent prior
catheter ablation, and 23% were on inotropic or mechanical
circulatory support (ventricular assist device, extracorporeal
membrane oxygenation, or intra-aortic balloon pump). Left
SGB was performed in 30 of these cases and bilateral SGB
in 5 cases. Either unilateral or bilateral SGB reduced the num-
ber of VT/VF episodes and internal and/or external defibrilla-
tion events for 24 h after blockade. The reduction in VT/VF
after SGB was independent of the etiology of ventricular ar-
rhythmia, with comparable reduction of VT/VF episodes and
defibrillation events seen with ischemic and non-ischemic car-
diomyopathy. There was also no difference seen between the
type of ventricular arrhythmia, with polymorphic and mono-
morphic VT having comparable reduction of VT/VF episodes
and defibrillation events after SGB. Furthermore, patients
who underwent either left or bilateral SGB were shown to
have improved survival. This is likely due to SGB
affording time for other therapies to be used and to
exert an effect, as 23% of patients underwent surgical
sympathectomy, 23% catheter ablation, and 9% heart
transplantation. No complications were reported in any
of the 35 patients who received SGB.

In 2019, Tian et al. reported the use of SGB for 30 patients
with refractory ventricular arrhythmias, with half receiving
left SGB and the other half receiving bilateral SGB [13••].
Over 90% of the patients were on mechanical circulatory sup-
port, and all were on ≥ 2 antiarrhythmic drugs prior to SGB.
There was an overall reduction in VT/VF episodes (mean ±
standard deviation pre 26 ± 41 to post 2 ± 4, p < 0.001) for
72 h after SGB. Fifty percent of patients had complete arrhyth-
mia suppression for 72 h after SGB. No differences in out-
comes were seen between unilateral (left) versus bilateral
SGB. There were no procedure-related major complications.

In 2020, Fudim et al. reported the use of bilateral SGB in 20
patients with refractory ventricular arrhythmias [12••]. These
patients failed management with β-blockade, ≥ 2 antiarrhyth-
mic medications, sedation, and some had also failed catheter
ablation and mechanical circulatory support. Given that these
patients were critically ill with few remaining therapeutic op-
tions, bilateral SGB was performed initially rather than unilat-
eral SGB. SGB was associated with a reduction in arrhythmia
episodes from the 24 h before (median 5.5 [interquartile range
(IQR) 2.0 to 15.8]) to 24 h after SGB (median 0 [IQR 0 to
3.8]) (p < 0.001). The sum of defibrillation events also de-
creased from 2.5 (IQR 0 to 10.3) to 0 (IQR 0 to 2.5) (p =

0.002). The findings extended to 48 h. Similar to prior results,
reduction in VT/VF burden was independent of type (mono-
morphic vs polymorphic) and etiology (ischemic vs non-
ischemic cardiomyopathy) of ventricular arrhythmia. Nine pa-
tients (45%) had no recurrence of VT/VF for 48 h after bilat-
eral SGB, and 4 patients (20%) had no recurrence for the rest
of their hospitalization. Repeat bilateral SGB was performed
in 25% of the patients. Thirteen patients (65%) were ultimate-
ly discharged from the hospital after one or a combination of
catheter ablation, ventricular assist device implantation, heart
transplantation, or surgical sympathectomy. The remaining
seven patients (35%) ultimately died. Of note, seven patients
(35%) were not intubated at the time of bilateral SGB. We
mentioned previously that bilateral SGB confers an increased
risk for acute respiratory distress secondary to potential bilat-
eral RLN blockade. However, only one patient exhibited tran-
sient hoarseness. No other complications were reported from
bilateral SGB.

Plasma levels of local anesthetic dissipate within hours
after SGB [45], yet ventricular arrhythmia suppression after
SGB appears to last for days. While reasons for this discrep-
ancy are not understood, this is likely due to neural remodel-
ing that occurs at the level of the stellate ganglion and the
central nervous system after blockade, leading to prolonged
reduction of sympathetic outflow [16•, 46]. The phenomenon
of the clinical effect of SGB outlasting the expected pharma-
cological duration is also seen when utilized for treatment of
pain, further supporting a central mechanism [24].

Notably, to date there is a lack of prospective randomized
clinical data that compared SGB to a standard of care control
group. A large multicenter randomized trial remains an impor-
tant unmet need in order to reliably demonstrate the efficacy
of SGB across multiple centers.

Thoracic Epidural Anesthesia: an Alternative
to Stellate Ganglion Blockade?

Reduction of myocardial sympathetic tone may also be ac-
complished by thoracic epidural anesthesia (TEA). TEA in-
volves continuous infusion of local anesthetic via a catheter
placed in the thoracic epidural space, effectively blocking no-
ciceptive and sympathetic fibers traveling through the spinal
cord in this area. TEA is most commonly performed by anes-
thesiologists to treat post-operative pain; however, it has been
successfully employed in a small number of cases for treat-
ment of refractory ventricular arrhythmias [47]. The main ad-
vantage of TEA over SGB is the ability to do continuous,
bilateral blockade of thoracic sympathetic fibers with just
one catheter. TEA can also be performed by most anesthesi-
ologists without image guidance, whereas SGB is most often
performed by anesthesiologists with subspecialty training in
pain medicine. However, TEA does have some disadvantages
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compared with SGB. To minimize the risk of an epidural
hematoma which could lead to irreversible neurological inju-
ry, TEA is not recommended in the presence of anticoagulants
like warfarin, DOACs, or antiplatelet agents such as
clopidogrel [48]. Since many patients with refractory ventric-
ular arrhythmias are on these medications, it makes TEA less
attractive compared with SGB. Additionally, TEA is ideally
performed in an awake patient so that the anesthesiologist can
be alerted to inadvertent spinal cord or nerve trauma occurring
during the procedure. Unfortunately, many patients with re-
fractory ventricular arrhythmias are intubated and sedat-
ed , making th is safe ty measure not poss ible .
Furthermore, the failure rate of epidural catheters with-
out imaging guidance is between 10 and 30% and
assessing effectiveness in a sedated/intubated patient is

challenging [49]. Interestingly, many patients who
responded to TEA had previous reduction of arrhythmia
burden with deep sedation. Thus, reduction of sympa-
thetic tone via deep sedation may predict success with
TEA and possibly SGB. Overall, more data on the ef-
ficacy and safety of TEA for treatment of refractory
ventricular arrhythmias are needed.

Surgical Sympathectomy

Treatment of refractory ventricular arrhythmias with left or
bilateral surgical sympathectomy has been previously report-
ed [50–55] . The surgery is typical ly performed
thoracoscopically and involves resection of multiple upper

Fig. 4 Duke treatment algorithm for refractory ventricular arrhythmias. Figure modified from Fudim et al. (2020) [12••]. VT ventricular tachycardia, VF
ventricular fibrillation
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thoracic sympathetic ganglia. Due to concern that these pa-
tients will not tolerate general anesthesia and the single lung
ventilation required to facilitate the operation, this is often
reserved for patients with no other options. However, surgical
sympathectomy appears to be well tolerated with low compli-
cation rates [50–55]. It is argued that bilateral surgical sympa-
thectomy is more beneficial than unilateral [55]. While it may
seem logical that successful reduction of ventricular arrhyth-
mia burden with SGB would predict success with surgical
sympathectomy, this has not been the case, particularly in
recent studies [7••, 12••, 13••]. Patients with successful SGB
do not always respond to surgical sympathectomy and vice
versa [7•• 12••, 13••]. This may suggest that the sympathetic
tone is an amplifier rather than a direct cause of ventricular
arrhythmias, with severe cases still requiring addressing the
underlying structural or other cardiac disorder.

Future Directions

As ventricular arrhythmia suppression via SGB appears to last for
several days, many of the patients in the aforementioned studies
required repeat SGB until other therapies could be applied. To
mitigate the risks of repeated SGB and attain continuous arrhyth-
mia suppression, placement of a catheter near the stellate gangli-
on for continuous local anesthetic infusion has been reported
[56–58]. Peripheral nerve catheters are routinely placed by anes-
thesiologists to treat post-operative pain, and the infection risk is
low when left in place for 7 days or less [59]. Studies are needed
to evaluate the routine placement of stellate ganglion catheters in
lieu of single-shot blocks. One drawback of continuous adminis-
tration of local anesthetic via stellate ganglion catheter is that
concomitant intravenous infusion of lidocaine and/or procain-
amide may lead to local anesthetic toxicity, and thus, these ther-
apies may have to be discontinued.

Other ways of attaining longer duration SGB include thermal
or chemical neurolysis and neuromodulation. Hulata et al. report
a case of a patient with refractoryVTwho hadmore than 2weeks
of arrhythmia suppression after 100% ethanol was injected near
the left stellate ganglion [57]. Luke et al. report a case of a patient
with refractory ventricular arrhythmias who received bilateral
stellate ganglion injection of 6% phenol, with resulting
arrhythmia suppression lasting 13 days [60]. There may be a role
for other injectable therapies such as liposomal bupivacaine or
other novel agents aimed at longer-term blockade without the
permanent changes of chemical denaturants.

Radiofrequency ablation of the stellate ganglion has been
shown in several studies to afford long-term analgesia for
various chronic pain states [61–63]. However, only one case
report exists showing long-term (> 12 months) suppression of
refractory ventricular arrhythmias after left stellate ganglion
radiofrequency ablation [64].

Markman et al. report the successful treatment of refractory
VT in five patients who had transcutaneous magnetic stimu-
lator (TCMS) treatments [65]. A figure 8 TCMS coil was
implanted lateral to the C7 spinous process, delivering mag-
netic stimulation to the area of the left stellate ganglion. The
stimulation presumably caused neuromodulation of the left
stellate ganglion, reducing sympathetic outflow [65]. Of note,
none of the five patients had implantable cardiac devices
which could limit applicability of this technology [65]. A
sham-controlled study is ongoing (NCT04043312).

While these methods of attaining longer-term ventric-
ular arrhythmia suppression are encouraging, more stud-
ies are needed to show the efficacy and safety of stel-
late ganglion neurolysis, radiofrequency ablation, and
neuromodulation via devices.

Conclusions

Recent studies have shown that either unilateral or bilateral SGB
is associated with a reduction in VT/VF and defibrillation events
for days, allowing time for other therapies to be applied. SGB
effectiveness appears to be independent of the type (monomor-
phic vs polymorphic) or etiology of ventricular arrhythmia (is-
chemic vs non-ischemic cardiomyopathy). Most importantly,
SGB appears to be safe with low risk for complications, even
when performed on anticoagulation. Given these observations,
where should SGB stand in the treatment paradigm for ventric-
ular arrhythmias? At our center, we start evaluating patients for
SGB early after antiarrhythmic medications and sedation have
failed to control ventricular arrhythmias (Fig. 4). These evalua-
tions are done with a multidisciplinary team of cardiologists,
electrophysiologists, anesthesiologists, and cardiothoracic sur-
geons. Often, these patients progress to invasive treatments like
catheter ablation or mechanical circulatory support, and if these
fail, SGB is then performed. If SGB suppresses VT/VF, it is
performed serially until other therapies can be performed (heart
transplantation, surgical sympathectomy, or catheter ablation).
Randomized controlled studies are now needed to establish clin-
ical efficacy compared with control treatments and to determine
optimal timing for SGB.
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