Open Access @

(Pustin Publishing crou

Austin Journal of Clinical Cardiology

Review Article

The Utility of Surgical Cardiac Sympathetic Denervation
In the Management of Ventricular Arrhythmias for all
Etiologies: A Systematic Review

Casey L*, Weedle R and Eaton D
Department of Thoracic Surgery, Mater Misericordiae
University Hospital, Ireland

Abstract

Background: The antiadrenergic and antifibrillatory effects of cardiac
sympathectomy in pathological states such as long QT syndrome are well
established. The indications for the procedure have expanded since the video-
assisted thoracoscopic approach was first used. However, the procedure is
currently largely used in cases where medication has failed to prevent recurrence
of symptomatic ventricular arrhythmia, or in cases of medication intolerance,
and large randomised controlled trials are thus non-existent in the literature. The
aim of this study was to perform a systematic review of the available literature
to examine the utility of cardiac denervation in the management of all ventricular
arrhythmias.
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Methods: A total of 17 studies published between 2009 and 2019 were
evaluated for bias using the Risk of Bias in Non-Randomised Studies of
Interventions (ROBINS-I) tool. In addition the Harbour and Miller Grading System
(2001) was used to assess the significance of the evidence in this review.

Results: All studies demonstrated a protective effect of sympathectomy
against ventricular arrhythmias in both primary and secondary prevention
strategies. The following risk of bias was observed: low in 5 studies, moderate in
8 studies, and serious risk in 4 studies. The highest level of evidence observed
was 2++ in 3 studies.

Conclusion: Cardiac sympathetic denervation provides benefit for patients
with ventricular arrhythmias, in cases of refractory disease or in patients who
require a primary prevention strategy where first-line therapies are not tolerated.

Keywords: Video-assisted thoracoscopic (VATS) sympathectomy;
Ventricular arrhythmia; Thoracoscopic sympathectomy; Left cardiac sympathetic
denervation

Introduction of sympathectomy in this regard is that sympathetic nerves further

downstream of the sympathetic trunk have an inhibitory effect on the
vagus nerve; therefore interruption at a higher level leads to increased
vagal tone.

The term cardiac sympathectomy describes the approaches to
interruption of the sympathetic nervous system at the level of the
sympathetic chain [1] leading to cessation of pre-ganglionic signals
and reduction in sympathetic tone [2]. This may prove useful in states
such as Long QT Syndrome (LQTS) or cardiomyopathies, where
sympathetic stimulation acts as potent stimulus for Ventricular
Arrhythmia (VA). There are two primary proposed mechanisms of

In addition, left-sided sympathectomy allows the heart to
preserve some sympathetic function; the heart’s pacemaker, the
sino-atrial node, is innervated by the right-sided sympathetic system
[5]. The preservation of the right may also prevent post denervation

action: antiadrenergic and pro-vagal. Canine model studies have
shown that left sympathectomy leads to antagonism of ischaemia-
induced sympathetic activation [3]. The relationship of nerves in the
cardiac Autonomic Nervous System (ANS) does not follow a strict
left-right pattern (left ANS has a greater effect on the posterior and
apical segments, and on the left ventricular wall), therefore targets for
prevention of left ventricular fibrillation have historically been left-
sided or bilateral, but rarely right-sided alone [3]. It is thought that the
threshold for ventricular fibrillation is substantially lowered due to
the net reduction in noradrenaline in the left ventricle [4]. Significant
clinical and experimental data show that blunted stimulation from
the vagus nerve leads to life-threatening arrhythmias [5,6]. The role

supersensitivity, which is a pro-arrhythmic condition [5,7].

The current standard technique is Left Cardiac Sympathetic
Denervation (LCSD), which involves removal of the lower half of the
stellate ganglion, along with T2-T4 thoracic ganglia [7], providing
adequate denervation with significantly lower risk of Horner’s
syndrome [5].

A number of different approaches to the sympathetic trunk have
been described. Open thoracotomy may be used, but this has mostly
been superseded by Video Assisted Thoracoscopic Surgery (VATS)
[8]. The VATS technique was first described for use in sympathectomy
for ventricular arrhythmia in 2003 [9]. In this method, 2 or 3 small
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incisions are made near the mid axillary line to gain access to the
chest [8]. A camera is then passed through one of the incisions to
visualise the operation. A supraclavicular approach may also be used,
whereby a small incision is made just above the left clavicle. Platysma
and sternocleidomastoid muscles are then transected and the
subclavian vein, phrenic nerve and subclavian artery are all isolated
and mobilised in sequence to expose the thoracic ganglia outside the
pleura [10].

The mainstay of management of VA syndromes is beta-blockade
and Implantable Cardioverter-Defibrillator (ICD) in many patients,
however there remains a clear role for sympathectomy in patients who
are unamenable or refractory to first line therapies. At present, the
European guidelines advise that the use of CSD may be appropriate
in the management of the following inherited arrhythmias only
[11]: congenital Long QT Syndrome (LQTS) and Catecholaminergic
Polymorphic Ventricular Tachycardia (CPVT). Thus, this excludes
patients with structural heart disease who experience intractable
VAs, such as patients with cardiomyopathies, or patients with more
rare arrhythmias and structurally normal hearts, such as idiopathic
ventricular arrhythmia.

With the expanding use of CSD for different etiologies of
arrhythmia, the objective of this article was to systematically review
the available literature for best level evidence and risk of bias therein
regarding the utility of surgical cardiac sympathectomy (either left-
sided or bilateral) in the management of VA of any cause.

Methods

The primary outcomes examined for this review were reduction
in cardiac deaths and cardiac events. The search was limited to case
series or higher level evidence. No language limits were imposed, due
to the rare nature of the conditions treated by cardiac sympathetic
denervation. In order to include contemporaneous studies while
maintaining sufficient literature for a systematic review, studies from
2009 to 2019 were examined.

A detailed literature search was performed from July 2019 to
October 2019 using the following scientific databases: PubMed,
Scopus, Ovid and the Cochrane Library, in order to identify the
potentially eligible studies. Titles and abstracts were screened for
relevance using the MeSh terms “Video-Assisted Thoracoscopic
(VATS) sympathectomy” and arrhythmia” or
“thoracoscopic sympathectomy” and “ventricular arrhythmia” or
“left cardiac sympathetic denervation” and “ventricular arrhythmia”.

“ventricular

Table 1: Harbour and Miller Grading System.

Inclusion criteria were case series or higher-level evidence, studies
from 2009-2019, case series studying >10 patients. Exclusion criteria
were case reports, case series studying <10 patients, studies that did
not report postoperative cardiac event rate, stellate ganglion blockade,
review articles, sympathectomy for hyperhidrosis, sympathectomy
for angina, or animal studies. Case series that included fewer than
ten patients were excluded from the review, given the risk of bias due
to small sample size and low event rate. Literature from conference
proceedings was excluded due to risk of incomplete data.

The Risk of Bias in Non Randomised Studies of Interventions
(ROBINS-I) tool was used to assess for risk of bias [12]. The Harbour
and Miller Grading System, as shown in (Table 1), was used to assess
the significance of evidence in this systematic review, which focuses
on study design and methodological quality [13].

Results

The search yielded 1,146 results between the databases: 714
from PubMed, 417 from Scopus, and 15 from Embase, with no
relevant articles found within the Cochrane Library (Figure 1). All
of these results were screened in accordance to relevance to the
clinical question and utilising the exclusion criteria. A total of 17
publications were found to be appropriate for inclusion. Of these
publications, 1 was a systematic review [14], 1 was a meta-regression
analysis of 14 studies [15], 6 were observational studies [8,16-20],
and 9 were case series [8,21,22,24-29]. Given that sympathectomy
is generally considered a last-line treatment, studies that address the
procedure are overwhelmingly observational with no comparator.
The only other treatment options for these patients are Thoracic
Epidural Anaesthesia (TEA), or Stellate Ganglion Blockade (SGB) by
percutaneous injection of local anaesthetic. However these may be
considered temporary measures, they have not been evaluated in the
literature to the same extent as the surgical option [7], and no studies
could be found comparing sympathectomy with SGB. One cohort
study in the literature compared TEA with left CSD [21] and this was
analysed as part of the review.

The baseline characteristics and outcomes of interest in the
included studies are outlined in (Table 1). Of the 17 studies reviewed,
9 examined outcomes of CSD for inherited arrhythmia syndromes,
6 dealt with patients with structural heart disease, and 2 included
patients from both cohorts. Post-operative ventricular arrhythmias
were examined either in terms of symptoms (breakthrough cardiac
events BCEs) or post-operative ICD discharges. All studies reported
resolution of arrhythmia in a significant proportion of individuals,

Level of Descriptor
Evidence P
1++ High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias
1+ Well conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias
1- Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias
P High quality systematic reviews of case-control or cohort studies or High quality case control or cohort studies with a very low risk of confounding,
bias, or chance and a high probability that the relationship is causal
ot Well conducted case-control or cohort studies with a low risk of confounding, bias or chance with a moderate probability that the relationship is
causal
2- Case-control or cohort studies with a high risk of confounding, bias or chance and a significant risk the relationship is not causal
3 Non-analytic studies
4 Expert opinion

Submit your Manusecript | www.austinpublishinggroup.com

Austin J Clin Cardiolog 8(2): id1094 (2022) - Page - 02



Casey L

Austin Publishing Group

Table 2: Baseline characteristics and outcomes of interest in selected studies.

Year of . No. Data .
Author Study Study Design Subjects VA Aetiology Outcomes Results Follow Up
LQTS Post-operative BCEs 68% freedom from BCEs
Sgroetal | 5019 | Meta-regression 647 Change in QTC QTo reduction from 522+/-61.6ms to 494+/-52.3ms | 32-3+/-32.5
[18]. CPVT No difference between VATS and open in terms of months
Outcomes of VATS vs open .
post-op BCE and complications
Variable 1 year event-free survival: 58% -100%
Shah et al 2019 Syste‘matlc 173 SHD Freedom from cardiac Hypotension 9%, pneumothorax 5%, neuropathic N/A
[14]. review events pain 4%, Horner Syndrome 3%, abnormal sweating
3%
Reductlobnu:Fr;;ﬁD shock 90% reduction in shock burden in the first 3 months 1-9 months
Resolution of electrical 80% patients showed total symptoms resolution of | 3 year study
Téllez et al . storm during the study period period
2019 Case series 20 SHD ;
29} Freedom from cardiac 100% resolution of electrical storms
events
No reported major complications, pneumothorax in
5%
Symptomatic No post-op BCEs %
Hara;al et 2018 Case series 12 VAs of all Resolution of symptoms Mean 4.8+/-0.96
al [24]. causes No perioperative surgical complications years
Event-free survival 58.2% freedom from VA in 1 year
0, H 0,
Burden of ICD shocks 76.1% freedom frc?m (*:Ieath or OHT in 1 year 88%
Vaseghi et reduction in shock burden Mean 1.5 +/- 1.4
2017 Case-control 121 SHD - . Advanced NYHA class, longer VT cycle lengths, ’ :
al [18]. Characteristics associated : ’ ) years
. and left-sided only procedure associated with poorer
with VA recurrence
outcomes
No reported complications
Post op BCE 86% no BCE
Jang etal 2017 Case series 15 Inhenteq Event rate/year pre and Event rate reduction from 0.97/year to 0.19/year Mean 927 +/-
[26]. arrhythmia post op 350 days
No reported complications
Pre and post operative
number of ICD shocks per Pre-op shocks: 16.4+/-32.1
patient (mean +/-SD)
Incidence of pot-operative .
Antiel ot al side effects (mean +/-SD) Post-op shocks: N/A (sinale
19 2016 | Quality of life 62 | Any aetiology| Correlation between side- VA (sing
[191. effects and worse quality 2.4+/-5.6 time-point)
of life
4.1+/-1.8
No significant correlation
LQTS Post-op BCEs 89% patients with no BCEs during follow-up
Medi
Waddell- . . CPVT Change in QTc No significant difference in pre and post-op QTc edian
- Quality of life 29 months
Smith etal | 2015 study 47 Physical and psychological | Most common complications: Dry skin (67%), (range1-67
[20]. complications of LCSD unilateral facial flushing (63%), hyperhidrosis (56%) months)
79% post-op satisfaction
83% Asymptomatic at latest follow-up
R;’Is[tgg]et 2015 | Case series 18 CPVT | General outcomes of LCSD 17% lost to follow-up Not specified
' Complications reported in 16%: transient Horner
syndrome in 11%, haemothorax in 5%
76% no BCE
24% 21 BCE
DeFerrari 2015 Case series 63 CPVT Post-op BCE 65% reduction in BCEs post op Median 37
et al [23]. months

93% reduction in ICD shocks/person/year

No reported complications of LCSD
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Event-free survival 41% mortality during study period
Burden of ICD shocks 30% ICD shock-free at last follow-up
Com\?eizzznbﬁ;tlee:;FSD 89% reduction in ICD shock burden
Vaseghi et Mean 367 +/-
al [$7] 2014 | Cohort study 41 SHD Outcomes for bilateral group significantly better than| 4 days
' LCSD group
Haemothorax in 5% pneumothorax in 2%, transient
ptosis in 5%, persistent ptosis in 2%, hypotension
in 2%, abnormal sweating in 10%, altered skin
sensitivity in 12%
Pre- and post-op BCE 87% reduction in event rate
Surgical outcomes Decrease in median cardiac events from 5 to 0
: 47% of symptomatic patients remained event-free i
Nordkamp 2014 Case series 17 Inherlteq boSt 0p Median 34 (IQR
et al [27]. arrhythmia . . T . 16-77) months
Major non-reversible complications in 12%: 1
mortality and 1 irreversible Harlequin facial flushing
Minor complications in 24%: pneumothorax (18%),
transient Horner’s syndrome in 6%
LQTS Change in QTc interval 58% no BCE
H(;ﬁp]rge;(h 2014 Case series 24 CPVT Post op BCE 8% lost to follow-up Mediatr;]28
eta . months
(23] Pneumothorax in 13%, temporary unilateral facial
VT Lo
flushing in 4%
- P 0, 0,
Bos et al . | o BCE Event-free survival 77% no BCE 23% 21 BCE Mean 3.6 +/- 1.3
[16] 2013 ase-contro LQTS - 10% non- responders Transient ptosis 8%, ears
: Complications . y
pneumothorax 6%
Post op BCE Event- free o o
Coleman et 2012 c " 27 Non-LQTS survival 85% no BCE 15% 21 BCE Median 1.2
al [22]. ase seres ° S No long-term. Horner Syndrome 11%, years
Complications o . o
pneumothorax 11%, conversion to open 4%
2 groups: TEA and LCSD TEA group (n=8): 62.5% survival at follow-u Median 6.2+/-
groups: group R P 4.6 months
Post procedural survival 75% showed significant reduction in arrhythmia (range 1.5-15
TEA vs LCSD burden months)
Post procedural ICD shock o
TEA vs LCSD LCSD group (n=9):
o o h
leu[r;e] et 2010 Cohort Study 14 SHD Complications 78% survival at follow up
' 56% complete/partial response
21% cross-over from TEA to LCSD
TEA: catheter infection 12%
LCSD: Horner’s syndrome 11%, pneumothorax
11%, facial anhydrosis 11%
Post-op BCE in primary . ’
LQTS prevention group (n=9) No post-op BCEs in 9/9 patients
Collura et ) Post-op ICD shocks/ACAs Mean 16.6+/-9.5
al [8]. 2009 Case Series 20 CPVT in secondary prevention No ACA/shocks in 8/11 patients months
group (n=11)
No major complications reported
ICD implantable cardioverter-defibrillator, SD standard deviation, BCE breakthrough cardiac events, LQTS long QT syndrome, CPVT catecholaminergic,
polymorphic ventricular tachycardia, SHD structural heart disease, ACA aborted cardiac arrest, IVT idiopathic ventricular tachycardia, IQR interquartile range,
LCSD left cardiac sympathetic denervation, TEA thoracic epidural anaesthesia, VA ventricular arrhythmia, NYHA New York Heart association, OHT orthotopic heart
transplant

and an overall reduction in event-rate in the patients who remained
symptomatic post-operatively. Reporting of complications varied
between studies, however, the most commonly reported complications
across all studies were pneumothorax (5-18%), Horner Syndrome (3-
11%), and unilateral facial flushing (Harlequin syndrome) (3-63%).
The two studies which focused on quality of life [19,20] reported
much higher complication rates than the rest of the studies included
in this review, however this was not linked with worse quality of life
or dissatisfaction with the procedure. There was markedly variable
follow-up observed amongst the studies, although the vast majority
followed patients for >1 year on average, with the exception of one
study by Téllez et al [29].

The risk of bias and overall level of evidence for included studies
are outlined in (Tables 2 and 3). The majority of studies reviewed
were at low or moderate risk of bias, assessed by the ROBINS-I tool.
Studies were considered at serious risk of bias if serious risk was
observed in >1 domain, or if serious risk was observed in 1 domain
and moderate risk observed in >2 domains. With the exception of
one case-control study [20], there was an at-least moderate risk
of bias of confounding across all studies, due to the lack of formal
control groups, the inclusion of asymptomatic patients within the
patient cohort, or low patient numbers. Patients across all studies
were selected based on physician assessment, and the lack of RCTs
in the review meant that all studies demonstrated moderate selection

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Cardiolog 8(2): id1094 (2022) - Page - 04



Casey L

Austin Publishing Group

Table 3: Categorisation of risk of bias in included studies. S: serious risk of bias, M: moderate risk of bias, L: low risk of bias.

Author Bias due to Bias due to Selection | Bias in Classification of Bias due to Bias in Outcome Bias in Selection of
Confounding of Participants Intervention Missing Data Measurement Reported Result
Sgro et al. [15] M N/A N/A N/A L L
Shah et al. [14] M N/A N/A N/A L M
Téllez et al. [29] S M L M L L
Haranal et al. [24] S M L L M L
Vaseghi et al. [18] L M L L L L
Jang et al. [26] S S L L L L
Antiel et al. [19] M M L M L L
Waddell-Smith et al.
120] M M L L L L
Roston et al. [28] M M L L L L
DeFerrari et al. [23] M M L L L L
Vaseghi et al. [17] M M L L L L
Nordkamp et al. [27] M M L L M M
Hofferberth et al. [25] S M L L L L
Bos et al. [16] S M L L L L
Coleman et al. [22] M M L L L L
Bourke et al. [21] M M M L L L
Collura et al. [8] S M L M L L
Table 4: Overall risk of bias and level of evidence for included studies.
First Author Overall Risk of Bias Class Evidence 1146 articles identified
ing MeSh t
Sgro [15] Low 244 usmg Mesh terms
Shah [14] Moderate 2+ PubMed 714
Tellez 29 A Scopus 417
éllez [29] Serious 3 Embase 15
Haranal [24] Serious 3 Cochrane 0
Vaseghi 2017 [18] Low 2++
- All records before 2009
Jang [26] Serious 3 removed (n=371)
_
Antiel [19] Low 2-
Waddell-Smith [20] Low 2+
Roston [28] Moderate 2- Records screened
n=774
DeFerrari [23] Low 2++ ( )
Vaseghi 2014 [17] Moderate 2- Incluslon ‘a.m:l cx—l:: lusion
s— criteria applied
Nordkamp [27] Moderate 3
Hofferberth [25] Moderate 3 Duplicates removed
Bos [16] Moderate 3
c Studies included in the
oleman [22] Moderate 3 review (n=17):
Bourke [21] Moderate 2-
- 1 Systematic Review
Collura [8] Serious 3 1 Meta-regression
6 Observational Studies
bias, with high risk of selection bias in the case series by Jang et al 9 Case Series
[26]. This was due to the selection of patients based on post-operative
. . . A Figure 1: PRISMA diagram of search strategy and results. PRISMA Preferred
epinephrine testing, a characteristic observed after the start of the : ! .
. . Reporting ltems for Systematic Review and Meta-Analyses.
intervention. One cohort study by Bourke et al. [21] was deemed

to have a moderate risk of bias in classification of intervention as 3
patients in the TEA arm subsequently underwent left CSD, which
would not have been defined at the start of intervention. The majority
of the studies showed a low risk of bias due to missing data, with the
exception of three: Antiel et al. [19], with a 61% survey response rate,

Collura et al. [8], in which 10% of patients (n=2) had significantly
shorter follow-up than the rest of the cohort, and Téllez et al. [29], in
which one patient was followed for 1 week post-operatively, but given
the small size of the cohort this meant that 5% of the follow-up data
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were missing. Overall risk of bias was found to be low in five studies
[15,18-20,23], moderate in eight studies [14,16,17,21,22,25,27,28],
and serious in four studies [8,24,26,29]. The highest observed level
of evidence in the literature examined was 2++ by the Harbour and
Miller system: systematic reviews or case-control or cohort series,
where there is a high probability that the relationship observed is
causal. Eight of the studies were case series, and thus classed as level
evidence level 3.

Discussion

Quality of Evidence

At last review, the only placebo-controlled trial that examined
CSD was performed in 1992 [31], whereby beta-blockade or CSD
was administered to high-risk patients post myocardial infarction
(MI), and compared to beta-blockade or placebo in low-risk patients.
While there are 2 randomised studies of CSD underway currently,
both compare CSD alone to CSD and optimal medical treatment and
neither have had results published at last review. Thus, patient data
examined for this review were based on observational studies only.

Patients across all studies were referred for denervation due to
failure, intolerance or non-adherence to first-line therapies. This
demonstrates the limited feasibility of randomised control trials in
this setting: in the first instance, superiority or non-inferiority trials
would not apply to a last-line therapy. Secondly, there would be
compelling ethical issues surrounding the randomisation of patients
to an arm with no treatment in the absence of other options.

Stellate ganglion blockade, as mentioned above, has also been
used to manage patients with intractable VA, but the desired
outcome of SGB is to manage patients in the acute phase of
ventricular arrhythmia, and the patient is no longer protected once
the anaesthetic agent had been metabolised. Thoracic epidural
anaesthesia utilises injection or infusion of the T1- T5 nerve roots
with local anaesthetic agents, thereby blocking stimulation from the
sympathetic chain [32] but has not been evaluated in the literature to
the extent of CSD. Apart from the study by Bourke et al. mentioned
in this paper [21], its appearance in the literature is limited to one
case report [33], animal studies [34,35] and review articles such as
Dusi, Zhu and Ajijola, 2019 [32]. This treatment modality is also
considered a temporary measure in contrast to the definitive strategy
of CSD. Accordingly, suitable controls are scarce in medical practice,
and this explains the use of case-control studies to assess the efficacy
of the procedure. Equally, trials for diseases considered rare (less
than 1/2000 patients, such as LQTS and CPVT) are less likely to be
randomised or double-blinded, with fewer active comparators, and
predictably, fewer patients enrolled [30]. Thus, with diminishing
feasibility of RCTs, investigation of CSD for ventricular arrhythmias
may always be limited to observational studies.

The only studies with prospectively collected data on review of
the literature were those that examined QoL and satisfaction with
surgery, and were not focused on the actual success of the procedure
in terms of arrhythmia control. Ten of the studies examined utilised
some form of comparator group, but this mostly referred to pre- and
post-operative status. The study by Bourke et al. [21] was the only
study in the review for which the comparator group was a different
treatment modality. Regression models were used in three studies

only, to account for confounding variables. Interestingly, the study
by Vaseghi et al. [17] that compared LCSD to Bilateral Cardiac
Sympathetic Denervation (BCSD) did not use propensity matching
or regression models, which may have been due to the low numbers
in each arm of the study group. Selection bias was noted in this study,
and this may have led to overestimation of difference in outcomes
between BCSD and LCSD. It is possible to evaluate CSD effectively
utilising well-designed observational studies, and some of the
publications in this review fulfil this criteria. Consistent reporting
of positive outcomes gives some generalizability to the less rigorous
studies, but case series cannot be used in isolation to assess CSD.

Indication for CSD

Etiology/LCSD vs. BCSD: Studies of reasonably high evidence
level (2+) demonstrated a clinical benefit of CSD in both structural
heart disease and inherited arrhythmias, but overall, there was a bigger
evidence base, due to the presence of larger and more rigorous studies,
in the congenital population. One case-control study by Vaseghi et
al [18]. reported worse outcomes for patients with symptomatic VA
who underwent left-sided denervation over bilateral. However, this
result is somewhat confounded by the fact that VT cycle length was
significantly longer in the left-sided group, which was found to be an
independent predictor of recurrence itself. Despite the limitations of
the evidence, the data reviewed demonstrated survival benefit, as well
as reduction or resolution of symptomatic VA in patients with LQTS
and CPVT across all relevant studies. This could be a justification
for the re-classification of CSD in this context from class II to class
I evidence in the next iteration of the European Guidelines, which
would be in keeping with the guidelines issued by the American Heart
Association (AHA) [35].

For patients with symptomatic VA and structural heart disease,
an improvement in survival and VA recurrence was also observed,
though not to the same extent as the congenital population due to a
much poorer baseline. There may be an additional benefit of bilateral
denervation in patients with symptomatic VA and structural heart
disease only, although more data is needed on this matter.

Primary Prevention

There were six studies examined for this systematic review that
analysed outcomes of symptomatic patients only. Asymptomatic
patients who underwent CSD as a primary prevention strategy
were included in all other studies in small numbers, apart from the
review by Bos et al. [16], in which 61% of the patients studied were
asymptomatic, and none experienced symptoms during the 3.6 year
follow-up period. One critique of the inclusion of asymptomatic
patients is that the follow-up period required to detect symptoms
becomes unclear. Nonetheless, in all studies where CSD was used
for primary prevention, apart from Hofferberth et al. [25] (one
asymptomatic patient experienced postoperative cardiac events),
and the studies examining QoL (outcomes for primary prevention
not discussed separately in either paper), all patients remained
asymptomatic for the duration of follow-up. Though follow-up
duration was varied, the studies by Jang et al. [26], De Ferrari et al.
[23], Roston et al. [28], and Bos et al. [16] all followed patients for
over 2 years. In summary, consistency in positive outcomes was seen
across the studies reviewed regarding the use CSD in asymptomatic
patients with inherited arrhythmias, therefore it would be reasonable
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to consider CSD as a primary prevention strategy in this patient
population.

Assessment of Complications

Acute complications were discussed in most of the literature
reviewed, with the exception of two studies, possibly due to the
variation in surgical technique and length of study duration seen in
these studies. The rest of the publications reported similar low rates
of pneumothorax, haemothorax and transient ptosis or Horner’s
syndrome. One study [22] described one case of conversion to open
thoracotomy. This may have been an outlier in a small study group,
but a 4% conversion to open thoracotomy is higher than described
in other sympathectomy studies [4] and adds undesired morbidity to
the procedure.

There was greater inconsistency in the reporting of chronic
sequelae, and many of the studies reported no lasting complications.
However, Vaseghi et al. [17] reported persistent abnormal sweating
in 9.7% and skin sensitivity in 12.3% of patients who underwent
BCSD. Jang et al. [16] reported abnormal sweating in all patients at
follow-up, and the two studies that focused on chronic complications,
Antiel etal. [19] and Waddell-Smith et al. [20] reported that almost all
patients had persistent changes, such as abnormal sweating, dry skin,
shoulder tip pain, or unilateral temperature changes, and permanent
ptosis. Both of these studies found that, despite a high rate of minor
postoperative complications, patients tended to be satisfied with the
outcome across both adult and pediatric populations. Overall, the
data demonstrated inconsistent reporting of chronic complications,
with a rate of persistent postoperative symptoms that may be
significantly higher than some studies have reported. More evidence
is needed in this regard, and would be useful for patient counseling in
the preoperative period.

Surgical Technique

All but two studies [14,28] described the surgical technique used
for sympathectomy, with VATS featuring as the main approach to
the thorax. None of the studies included patients who had undergone
the procedure using Robotic Assisted Thoracic Surgery (RATS) as
the approach to the chest. Two studies [23,27] included patients
who underwent a supraclavicular approach to the thorax. Four
studies [14,17,18,29] included patients who underwent bilateral
sympathectomy. Where described, the studies assessed for this article
used a VATS 3 port technique to remove the lower half of the stellate
ganglion, along with roots of T2 to T4. Of the patients who underwent
a VATS procedure, the majority underwent single lung ventilation.
One study [8] used bronchial blockade for their ventilation strategy.
The majority of the studies described histological confirmation of the
specimen intraoperatively. One study only [18] utilised chest drains
in the perioperative period.

Conclusion

Cardiac sympathetic denervation was found to provide benefit
for patients with ventricular arrhythmias and either structural heart
disease or inherited arrhythmia syndromes, in cases of refractory
disease or in patients who require a primary prevention strategy
where first-line therapies are not tolerated. The evidence for this is
entirely observational, however the risk of bias observed was largely
moderate or low.

References

1. Schwartz PJ. The Rationale and the Role of Left Stellectomy for the
Prevention of Malignant Arrhythmias. Annals of the New York Academy of
Sciences. 1984; 427: 199-221.

2. Schwartz PJ. Cutting nerves and saving lives. Heart rhythm. 2009; 6: 760-
763.

3. Schwartz PJ, Stone HL. Effects of Unilateral Stellectomy upon Cardiac
Performance during Exercise in Dogs. Circulation Research. 1979; 44: 637-
645.

4. Dusi V, Ferrari GMD, Pugliese L, Schwartz PJ. Cardiac Sympathetic
Denervation in Channelopathies. Frontiers in Cardiovascular Medicine. 2019;
6.

5. Cerati D, Schwartz PJ. Single cardiac vagal fiber activity, acute myocardial
ischemia, and risk for sudden death. Circulation research. 1991; 69: 1389-
1401.

6. Rovere MTL, Pinna GD, Hohnloser SH, Marcus Fl, Mortara A, Nohara R,
et al. Baroreflex Sensitivity and Heart Rate Variability in the Identification of
Patients at Risk for Life-Threatening Arrhythmias: Implications for Clinical
Trials. Circulation: Journal of the American Heart Association. 2001; 10: 74-
75.

7. Witt CM, Bolona L, Kinney MO, Moir C, Ackerman MJ, Kapa S, et al.
Denervation of the extrinsic cardiac sympathetic nervous system as a
treatment modality for arrhythmia. EP Europace. 2017; 19: 1075-1083.

8. Collura CA, Johnson JN, Moir C, Ackerman MJ. Left cardiac sympathetic
denervation for the treatment of long QT syndrome and catecholaminergic
polymorphic ventricular tachycardia using video-assisted thoracic surgery.
Heart rhythm. 2009; 6: 752-759.

9. Li J, Wang L, Wang J. Video-Assisted Thoracoscopic Sympathectomy for
Congenital Long QT Syndromes. Pacing and Clinical Electrophysiology.
2003; 26: 870-873.

10. Odero A, Bozzani A, Ferrari GMD, Schwartz PJ. Left cardiac sympathetic
denervation for the prevention of life-threatening arrhythmias: the surgical
supraclavicular approach to cervicothoracic sympathectomy. Heart rhythm.
2010; 7: 1161-1165.

11. Priori S, Wilde A, Horie M, Cho Y, Behr E, Berul C et al. HRS/EHRA/APHRS
Expert Consensus Statement on the Diagnosis and Management of Patients
with Inherited Primary Arrhythmia Syndromes. Heart Rhythm. 2013; 10:
1932-1963.

1

N

. Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. The BMJ. 2016; 355: i4919.

13. Harbour R, Miller J. A new system for grading recommendations in evidence
based guidelines. BMJ: British Medical Journal. 2001; 323: 334-334.

14. Shah R, Assis F, Alugubelli N, Okada DR, Cardoso R, Shivkumar K, et al.
Cardiac Sympathetic Denervation for Refractory Ventricular Arrhythmias in
Patients with Structural Heart Disease: A Systematic Review. Heart rhythm.
2019; 16: 1499-1505.

15. Lopez Ayala P, Sgro A, Drake T, Phan K. P1841Left cardiac sympathetic
denervation in patients with long QT syndrome and catecholaminergic
polymorphic ventricular tachychardia: a systematic review and meta-
regression. European Heart Journal. 2019; 40.

16. Bos J, Bos K, Johnson J, Moir C, Ackerman M. Left Cardiac Sympathetic
Denervation in Long QT Syndrome. Circulation: Arrhythmia and
Electrophysiology. 2013; 6: 705-711.

17. Vaseghi M, Gima J, Kanaan C, Ajijola OA, Marmureanu A, Mahajan A, et
al. Cardiac sympathetic denervation in patients with refractory ventricular
arrhythmias or electrical storm: intermediate and long-term follow-up. Heart
rhythm. 2014; 11: 360-366.

18. Vaseghi M, Barwad P, Corrales FJM, Tandri H, Mathuria N, Shah R, et al.
Cardiac Sympathetic Denervation for Refractory Ventricular Arrhythmias.
Journal of the American College of Cardiology. 2017; 69: 3070-3080.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Clin Cardiolog 8(2): id1094 (2022) - Page - 07


https://dx.doi.org/10.1111/j.1749-6632.1984.tb20785.x
https://dx.doi.org/10.1111/j.1749-6632.1984.tb20785.x
https://dx.doi.org/10.1111/j.1749-6632.1984.tb20785.x
https://dx.doi.org/10.1161/01.RES.44.5.637
https://dx.doi.org/10.1161/01.RES.44.5.637
https://dx.doi.org/10.1161/01.RES.44.5.637
https://dx.doi.org/10.3389/fcvm.2019.00027
https://dx.doi.org/10.3389/fcvm.2019.00027
https://dx.doi.org/10.3389/fcvm.2019.00027
https://dx.doi.org/10.1161/01.RES.69.5.1389
https://dx.doi.org/10.1161/01.RES.69.5.1389
https://dx.doi.org/10.1161/01.RES.69.5.1389
https://dx.doi.org/10.1093/europace/eux011
https://dx.doi.org/10.1093/europace/eux011
https://dx.doi.org/10.1093/europace/eux011
https://dx.doi.org/10.1016/j.hrthm.2009.03.024
https://dx.doi.org/10.1016/j.hrthm.2009.03.024
https://dx.doi.org/10.1016/j.hrthm.2009.03.024
https://dx.doi.org/10.1016/j.hrthm.2009.03.024
https://dx.doi.org/10.1046/j.1460-9592.2003.t01-1-00152.x
https://dx.doi.org/10.1046/j.1460-9592.2003.t01-1-00152.x
https://dx.doi.org/10.1046/j.1460-9592.2003.t01-1-00152.x
https://dx.doi.org/10.1016/j.hrthm.2010.03.046
https://dx.doi.org/10.1016/j.hrthm.2010.03.046
https://dx.doi.org/10.1016/j.hrthm.2010.03.046
https://dx.doi.org/10.1016/j.hrthm.2010.03.046
Priori S, Wilde A, Horie M, Cho Y, Behr E, Berul C et al. HRS/EHRA/APHRS Expert Consensus Statement on the Diagnosis and Management of Patients with Inherited Primary Arrhythmia Syndromes. Heart Rhythm. 2013; 10: 1932-1963. Available from: https://www.heartrhythmjournal.com/article/S1547-5271(13)00552-3/fulltext
Priori S, Wilde A, Horie M, Cho Y, Behr E, Berul C et al. HRS/EHRA/APHRS Expert Consensus Statement on the Diagnosis and Management of Patients with Inherited Primary Arrhythmia Syndromes. Heart Rhythm. 2013; 10: 1932-1963. Available from: https://www.heartrhythmjournal.com/article/S1547-5271(13)00552-3/fulltext
Priori S, Wilde A, Horie M, Cho Y, Behr E, Berul C et al. HRS/EHRA/APHRS Expert Consensus Statement on the Diagnosis and Management of Patients with Inherited Primary Arrhythmia Syndromes. Heart Rhythm. 2013; 10: 1932-1963. Available from: https://www.heartrhythmjournal.com/article/S1547-5271(13)00552-3/fulltext
Priori S, Wilde A, Horie M, Cho Y, Behr E, Berul C et al. HRS/EHRA/APHRS Expert Consensus Statement on the Diagnosis and Management of Patients with Inherited Primary Arrhythmia Syndromes. Heart Rhythm. 2013; 10: 1932-1963. Available from: https://www.heartrhythmjournal.com/article/S1547-5271(13)00552-3/fulltext
https://dx.doi.org/10.1136/bmj.i4919
https://dx.doi.org/10.1136/bmj.i4919
https://dx.doi.org/10.1136/bmj.i4919
https://dx.doi.org/10.1136/bmj.323.7308.334
https://dx.doi.org/10.1136/bmj.323.7308.334
https://dx.doi.org/10.1016/j.hrthm.2019.06.018
https://dx.doi.org/10.1016/j.hrthm.2019.06.018
https://dx.doi.org/10.1016/j.hrthm.2019.06.018
https://dx.doi.org/10.1016/j.hrthm.2019.06.018
https://www.researchgate.net/publication/336689148_P1841Left_cardiac_sympathetic_denervation_in_patients_with_long_QT_syndrome_and_catecholaminergic_polymorphic_ventricular_tachychardia_a_systematic_review_and_meta-regression
https://www.researchgate.net/publication/336689148_P1841Left_cardiac_sympathetic_denervation_in_patients_with_long_QT_syndrome_and_catecholaminergic_polymorphic_ventricular_tachychardia_a_systematic_review_and_meta-regression
https://www.researchgate.net/publication/336689148_P1841Left_cardiac_sympathetic_denervation_in_patients_with_long_QT_syndrome_and_catecholaminergic_polymorphic_ventricular_tachychardia_a_systematic_review_and_meta-regression
https://www.researchgate.net/publication/336689148_P1841Left_cardiac_sympathetic_denervation_in_patients_with_long_QT_syndrome_and_catecholaminergic_polymorphic_ventricular_tachychardia_a_systematic_review_and_meta-regression
Bos J, Bos K, Johnson J, Moir C, Ackerman M. Left Cardiac Sympathetic Denervation in Long QT Syndrome. Circulation: Arrhythmia and Electrophysiology %5bInternet%5d. 2013 %5bcited 11 August 2019%5d;6(4):705-711. Available from: https:/www.ahajournals.org/doi/full/10.1161/CIRCEP.113.000102?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
Bos J, Bos K, Johnson J, Moir C, Ackerman M. Left Cardiac Sympathetic Denervation in Long QT Syndrome. Circulation: Arrhythmia and Electrophysiology %5bInternet%5d. 2013 %5bcited 11 August 2019%5d;6(4):705-711. Available from: https:/www.ahajournals.org/doi/full/10.1161/CIRCEP.113.000102?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
Bos J, Bos K, Johnson J, Moir C, Ackerman M. Left Cardiac Sympathetic Denervation in Long QT Syndrome. Circulation: Arrhythmia and Electrophysiology %5bInternet%5d. 2013 %5bcited 11 August 2019%5d;6(4):705-711. Available from: https:/www.ahajournals.org/doi/full/10.1161/CIRCEP.113.000102?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://dx.doi.org/10.1016/j.hrthm.2013.11.028
https://dx.doi.org/10.1016/j.hrthm.2013.11.028
https://dx.doi.org/10.1016/j.hrthm.2013.11.028
https://dx.doi.org/10.1016/j.hrthm.2013.11.028
https://dx.doi.org/10.1016/j.jacc.2017.04.035
https://dx.doi.org/10.1016/j.jacc.2017.04.035
https://dx.doi.org/10.1016/j.jacc.2017.04.035

Casey L

Austin Publishing Group

19.

20.

21.

22.

23.

24,

2

()}

26.

27.

Antiel RM, Bos JM, Joyce DD, Owen HJ, Roskos PL, Moir C, et al. Quality
of life after videoscopic left cardiac sympathetic denervation in patients with
potentially life-threatening cardiac channelopathies/cardiomyopathies. Heart
rhythm. 2016; 13: 62-69.

Waddell-Smith KE, Ertresvaag KN, Li J, Chaudhuri K, Crawford JR, Hamill JK|
et al. Physical and Psychological Consequences of Left Cardiac Sympathetic
Denervation in Long-QT Syndrome and Catecholaminergic Polymorphic
Ventricular Tachycardia. Circulation: Arrhythmia and Electrophysiology.
2015; 8: 1151-1158.

Bourke T, Vaseghi M, Michowitz Y, Sankhla V, Shah M, Swapna N et al.
Neuraxial Modulation for Refractory Ventricular Arrhythmias. Circulation.
2010; 121: 2255-2262.

Coleman MA, Bos JM, Johnson JN, Owen HJ, Deschamps C, Moir C,
et al. Videoscopic Left Cardiac Sympathetic Denervation for Patients
With Recurrent Ventricular Fibrillation/Malignant Ventricular Arrhythmia
Syndromes Besides Congenital Long-QT Syndrome. Circulation: Arrhythmia
and Electrophysiology. 2012; 5: 782-788.

De Ferrari G, Dusi V, Spazzolini C, Bos J, Abrams D, Berul C et al. Clinical
Management of Catecholaminergic Polymorphic Ventricular Tachycardia.
Circulation. 2015; 131: 2185-2193.

Haranal M, Simha P, Shenthar J, Rajasekharappa R. High thoracic left
sympathectomy for recalcitrant ventricular tachyarrhythmias and long QT
syndrome. Indian Journal of Thoracic and Cardiovascular Surgery. 2017; 34:
103-108.

. Hofferberth  SC, Cecchin F, Loberman D, Fynn-Thompson F. Left

thoracoscopic sympathectomy for cardiac denervation in patients with
life-threatening ventricular arrhythmias. The Journal of thoracic and
cardiovascular surgery. 2014; 147: 404-411.

JANG S, CHO Y, KIM N, KIM C, SOHN J, ROH J et al. Video-Assisted
Thoracoscopic Left Cardiac Sympathetic Denervation in Patients with
Hereditary Ventricular Arrhythmias. Pacing and Clinical Electrophysiology.
2017; 40: 232-241.

Nordkamp LRAO, Driessen AHG, Odero A, Blom NA, Koolbergen DR,
Schwartz PJ, et al. Left cardiac sympathetic denervation in the Netherlands
for the treatment of inherited arrhythmia syndromes. Netherlands Heart
Journal. 2014; 22: 160-166.

28.

29.

30.

3

ey

32.

33.

3

S

35.

3

(o)

3

3

Roston T, Vinocur J, Maginot K, Mohammed S, Salerno J, Etheridge S et
al. Catecholaminergic Polymorphic Ventricular Tachycardia in Children.
Circulation: Arrhythmia and Electrophysiology. 2015; 8: 633-642.

Téllez LJ, Garzon JC, Vinck EE, Castellanos JD. Video-assisted
thoracoscopic cardiac denervation of refractory ventricular arrhythmias and
electrical storms: a single-center series. Journal of Cardiothoracic Surgery.
2019; 14.

SCHWARTZ P, MOTOLESE M, POLLAVINI G, LOTTO A, RUBERTI U,
TRAZZI R et al. Prevention of Sudden Cardiac Death After a First Myocardial
Infarction by Pharmacologic or Surgical Antiadrenergic Interventions. Journal
of Cardiovascular Electrophysiology. 1992; 3: 2-16.

. Logviss K, Krievins D, Purvina S. Characteristics of clinical trials in rare vs.

common diseases: A register-based Latvian study. PLoS ONE. 2018; 13:
0194494,

Dusi V, Zhu C, Ajijola OA. Neuromodulation Approaches for Cardiac
Arrhythmias: Recent Advances. Current Cardiology Reports. 2019; 21: 1-10.

Mahajan A, Moore J, Cesario DA, Shivkumar K. Use of thoracic epidural
anesthesia for management of electrical storm: a case report. Heart rhythm.
2005; 2: 1359-1362.

.Blomberg S, Ricksten SE. Thoracic epidural anaesthesia decreases the

incidence of ventricular arrhythmias during acute myocardial ischaemia in the
anaesthetized rat. Acta Anaesthesiologica Scandinavica. 1988; 32: 173-178.

Kamibayashi T, Hayashi Y, Mammoto T, Yamatodani A, Taenaka N,
Yoshiya |. Thoracic Epidural Anesthesia Attenuates Halothane-induced
Myocardial Sensitization to Dysrhythmogenic Effect of Epinephrine in Dogs.
Anesthesiology. 1995; 82: 129-134.

. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis

AB, et al. 2017 AHA/ACC/HRS Guideline for Management of Patients With
Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death.
Circulation. 2018; 138: e272-e391.

. Ibrahim M, Menna C, Andreetti C, Ciccone AM, D’Andrilli A, Maurizi G, et al.

Bilateral Single-Port Sympathectomy: Long-Term Results and Quality of Life.
BioMed Research International. 2013; 2013: 1-6.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Clin Cardiolog 8(2): id1094 (2022) - Page - 08


https://dx.doi.org/10.1016/j.hrthm.2015.09.001
https://dx.doi.org/10.1016/j.hrthm.2015.09.001
https://dx.doi.org/10.1016/j.hrthm.2015.09.001
https://dx.doi.org/10.1016/j.hrthm.2015.09.001
https://dx.doi.org/10.1161/CIRCEP.115.003159
https://dx.doi.org/10.1161/CIRCEP.115.003159
https://dx.doi.org/10.1161/CIRCEP.115.003159
https://dx.doi.org/10.1161/CIRCEP.115.003159
https://dx.doi.org/10.1161/CIRCEP.115.003159
https://dx.doi.org/10.1161/CIRCEP.112.971754
https://dx.doi.org/10.1161/CIRCEP.112.971754
https://dx.doi.org/10.1161/CIRCEP.112.971754
https://dx.doi.org/10.1161/CIRCEP.112.971754
https://dx.doi.org/10.1161/CIRCEP.112.971754
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.115.015731
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.115.015731
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.115.015731
https://journals.scholarsportal.info/details/09709134/v34i0002/103_htlsfrvtalqs.xml&sub=all
https://journals.scholarsportal.info/details/09709134/v34i0002/103_htlsfrvtalqs.xml&sub=all
https://journals.scholarsportal.info/details/09709134/v34i0002/103_htlsfrvtalqs.xml&sub=all
https://journals.scholarsportal.info/details/09709134/v34i0002/103_htlsfrvtalqs.xml&sub=all
https://dx.doi.org/10.1016/j.jtcvs.2013.07.064
https://dx.doi.org/10.1016/j.jtcvs.2013.07.064
https://dx.doi.org/10.1016/j.jtcvs.2013.07.064
https://dx.doi.org/10.1016/j.jtcvs.2013.07.064
https://pubmed.ncbi.nlm.nih.gov/28012188/
https://pubmed.ncbi.nlm.nih.gov/28012188/
https://pubmed.ncbi.nlm.nih.gov/28012188/
https://pubmed.ncbi.nlm.nih.gov/28012188/
https://dx.doi.org/10.1007/s12471-014-0523-2
https://dx.doi.org/10.1007/s12471-014-0523-2
https://dx.doi.org/10.1007/s12471-014-0523-2
https://dx.doi.org/10.1007/s12471-014-0523-2
Roston T, Vinocur J, Maginot K, Mohammed S, Salerno J, Etheridge S et al. Catecholaminergic Polymorphic Ventricular Tachycardia in Children. Circulation: Arrhythmia and Electrophysiology %5bInternet%5d. 2015 %5bcited 21 July 2019%5d;8(3):633-642. Available from: https:/www.ahajournals.org/doi/full/10.1161/CIRCEP.114.002217?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
Roston T, Vinocur J, Maginot K, Mohammed S, Salerno J, Etheridge S et al. Catecholaminergic Polymorphic Ventricular Tachycardia in Children. Circulation: Arrhythmia and Electrophysiology %5bInternet%5d. 2015 %5bcited 21 July 2019%5d;8(3):633-642. Available from: https:/www.ahajournals.org/doi/full/10.1161/CIRCEP.114.002217?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
Roston T, Vinocur J, Maginot K, Mohammed S, Salerno J, Etheridge S et al. Catecholaminergic Polymorphic Ventricular Tachycardia in Children. Circulation: Arrhythmia and Electrophysiology %5bInternet%5d. 2015 %5bcited 21 July 2019%5d;8(3):633-642. Available from: https:/www.ahajournals.org/doi/full/10.1161/CIRCEP.114.002217?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://dx.doi.org/10.1186/s13019-019-0838-6
https://dx.doi.org/10.1186/s13019-019-0838-6
https://dx.doi.org/10.1186/s13019-019-0838-6
https://dx.doi.org/10.1186/s13019-019-0838-6
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1540-8167.1992.tb01090.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1540-8167.1992.tb01090.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1540-8167.1992.tb01090.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1540-8167.1992.tb01090.x
https://dx.doi.org/10.1371/journal.pone.0194494
https://dx.doi.org/10.1371/journal.pone.0194494
https://dx.doi.org/10.1371/journal.pone.0194494
https://dx.doi.org/10.1007/s11886-019-1120-1
https://dx.doi.org/10.1007/s11886-019-1120-1
https://dx.doi.org/10.1111/j.1399-6576.1988.tb02710.x
https://dx.doi.org/10.1111/j.1399-6576.1988.tb02710.x
https://dx.doi.org/10.1111/j.1399-6576.1988.tb02710.x
Kamibayashi T, Hayashi Y, Mammoto T, Yamatodani A, Taenaka N, Yoshiya I. Thoracic Epidural Anesthesia Attenuates Halothane-induced Myocardial Sensitization to Dysrhythmogenic Effect of Epinephrine in Dogs. Anesthesiology. 1995; 82: 129-134. Available from: https://pubs.asahq.org/anesthesiology/article/82/1/129/34877/Thoracic-Epidural-Anesthesia-Attenuates-Halothane
Kamibayashi T, Hayashi Y, Mammoto T, Yamatodani A, Taenaka N, Yoshiya I. Thoracic Epidural Anesthesia Attenuates Halothane-induced Myocardial Sensitization to Dysrhythmogenic Effect of Epinephrine in Dogs. Anesthesiology. 1995; 82: 129-134. Available from: https://pubs.asahq.org/anesthesiology/article/82/1/129/34877/Thoracic-Epidural-Anesthesia-Attenuates-Halothane
Kamibayashi T, Hayashi Y, Mammoto T, Yamatodani A, Taenaka N, Yoshiya I. Thoracic Epidural Anesthesia Attenuates Halothane-induced Myocardial Sensitization to Dysrhythmogenic Effect of Epinephrine in Dogs. Anesthesiology. 1995; 82: 129-134. Available from: https://pubs.asahq.org/anesthesiology/article/82/1/129/34877/Thoracic-Epidural-Anesthesia-Attenuates-Halothane
Kamibayashi T, Hayashi Y, Mammoto T, Yamatodani A, Taenaka N, Yoshiya I. Thoracic Epidural Anesthesia Attenuates Halothane-induced Myocardial Sensitization to Dysrhythmogenic Effect of Epinephrine in Dogs. Anesthesiology. 1995; 82: 129-134. Available from: https://pubs.asahq.org/anesthesiology/article/82/1/129/34877/Thoracic-Epidural-Anesthesia-Attenuates-Halothane
https://dx.doi.org/10.1161/CIR.0000000000000549
https://dx.doi.org/10.1161/CIR.0000000000000549
https://dx.doi.org/10.1161/CIR.0000000000000549
https://dx.doi.org/10.1161/CIR.0000000000000549
https://dx.doi.org/10.1155/2013/348017
https://dx.doi.org/10.1155/2013/348017
https://dx.doi.org/10.1155/2013/348017

	Title
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Quality of Evidence 
	Indication for CSD
	Primary Prevention
	Assessment of Complications
	Surgical Technique

	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1

