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Introduction
Malignant ventricular arrhythmias (VA) encompass ventricular 

tachycardia (VT) or ventricular fibrillation (VF). Three or more 
separate episodes of VT/VF occurring within 24 hours are defined 
as electrical storm (ES). ES are the most dangerous heart rhythm 
disturbance due to high risk of sudden cardiac death (SCD) [1]. SCD 
due to sustained VA is common in patients suffering from untreated 
acute coronary syndromes (ACS). The incidence of VA depends on 
size of ischemic area, magnitude of autonomic imbalance, extend 
of acute strain as well as prior heart failure, reduced left ventricular 
function (EF < 30%) and myocardial infarction. Patients with ST-
elevation myocardial infarction have a 4-fold higher risk for VA 
than patients with non-ST-elevation myocardial infarction. The 
majority (90%) of VA in patients with ST-elevation myocardial 
infarction occurred within 48 hours, whereas 60% of VA in patients 
with non-ST-elevation myocardial infarction occurred after 48 hours 
[2,3]. Incidence is further increased by inherited cardiomyopathies 
like long-QT-syndrome (LQTS), short-QT-syndrome, Wolff-
Parkinson-White syndrome, Brugada syndrome, arrhythmogenic 
right ventricular cardiomyopathy, hypertrophic cardiomyopathy, 

catecholaminergic polymorphic ventricular tachycardia (CPVT) and 
other genetic variants. The incidence of ES induced by ACS is difficult 
to determine, because a great number of patients do not arrive alive 
in hospitals [4,5].

In ACS patients who arrive alive in hospital VA are common 
during the early hours. According to recordings from implanted 
cardiac monitors, the incidence of non-sustained VT is 13%, of 
sustained VT is 3%, and of VF is 3% in the early post myocardial-
infarction period [6]. In another retrospective analysis of two 
randomized trials (GUSTO IIB and GUTSO III) sustained VA occurs 
in 6% of patients with ACS [7].

The increased prevalence of acute reperfusion strategies has 
markedly reduced ES in patients with ACS during the last time. Also 
the use of angiotensin-converting enzyme inhibitors, angiotensin 
receptor blockers, beta-blockers and statins early after ACS has 
reduced the incidence of VA and ES [8].

In the current setting of cardiac care units patients with sustained 
VA associated with an acute myocardial infarction are usually 
characterized by the following features: severe and/or prolonged 
ischemia or arrhythmogenic substrates prior to the acute event. The 
main mechanisms are:

•	 Patients with cardiogenic shock or large severe acute 
infarction for example by left main occlusion (cardiogenic shock).

•	 Patients with delayed reperfusion therapy mostly due to 
delays between the first symptoms until transfer to an acute cardiac 
care center (late presenters).

•	 Patients in whom revascularization was not or only partially 
successful due to technical or anatomic difficulties (incomplete 
revascularization).

•	 Patients with pre-existing reduced LV-function and 
myocardial scar due to prior myocardial infarction or heart failure 
respectively cardiomyopathies (acquired cardiomyopathies).

•	 Patients with inherited arrhythmogenic cardiomyopathies 
or genetic predispositions (inherited cardiomyopathies).

All this groups of patients with ACS are at increased risk of 
sustained VA.

The initiation of VA in patients with ACS depends on the 
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underlying disease and other concomitant diseases. The main 
common dominant mechanisms are intramural re-entry in ischemia 
and triggered activity in reperfusion [9-12].  The prognostic 
significance of early (48 h) VF or sustained VT in patients with acute 
myocardial infarction is still controversial. In patients with acute 
myocardial infarction, early VF/VT identified those at increased risk 
for 30-day mortality (22% vs. 5%) as compared to those without VF/
VT [13].

Specific treatment of sustained or recurrent VA in patients 
with ACS

During the last decade, recommendations and management of 
ACS and arrhythmias have changed significantly. The preferred first-
line management of patients with ACS is cardiac catheterization and 
percutaneous coronary interventional therapy. Medical drug therapy 
and thrombolysis of ACS has become less important. Treatment of 
VA consists of application of antiarrhythmic drugs (AAD), which 
have limited efficacy in longtime. Therefore, interventional therapies 
for treatment of VA are increasingly gaining importance.

Primary treatment

AAD is used in the acute and chronic treatment of VA. This use 
has declined in recent years, since AAD may cause adverse events in 
patients with ischemic heart disease and are less effective in reducing 
mortality than implantable cardioverter defibrillator (ICD) [14-16]. 
Although now non-drug therapies become more important AAD 
provide a therapeutic option for the treatment in the acute setting 
and are also used to treat refractory VA in ICD patients. But only 
limited data exists from clinical trials concerning the use of AAD 
in ACS. In general it can be said that controlled randomized trials 
comparing different AAD in ACS are completely lacking. In ACS the 
affected myocardium in a time dependent-manner has different and 
varying degrees of ischemia and reperfusion. This affects significantly 
the occurrence of arrhythmias and the effects of AAD. Almost all 
AAD act in either in a voltage or rate-dependent matter, some ADD 
have both characteristics. Therefore the effect of AAD in ACS is 
significantly different than in other patients groups without ischemic/
reperfused myocardium.

As a general principle therapy recommendation applies: If an ACS 
is suspected to be responsible for the VA immediately reperfusion 
is of utmost importance [17,18]. Early use of beta-blockers in ACS 
is recommended to reduce mortality and the incidence of VA [19]. 
Disbalances or disturbances of electrolytes should be corrected since 
its disturbances may act proarrhythmic. Other causes of VA must be 
ruled out. If other causes or cofactors diagnosed, they must be treated. 
In further details we restricted ourselves to VA caused by ACS.

Sustained hemodynamically unstable VA requires specific 
therapy, summarized below and outlined in the current position 
paper from the joint EHRA, ACCA and EAPCI task force (2014) [20], 
the EHRA/HRS/APHRS expert consensus on ventricular arrhythmias 
(2014) [21] the guidelines for acute myocardial infarction (2012) 
[18], cardiopulmonary resuscitation (2010) [22] and ventricular 
arrhythmias (2006) [23].

Electrical cardioversion (EC) or defibrillation is indicated if any 
VA persists and is essential if the patient is hemodynamically unstable 
due to sustained VT or VF Sedation is required if the patient is still 
conscious. Electrical EC is the best and safest method to terminate 
sustained VT in ACS. If the patient appears hemodynamically stable 
during sustained monomorphic VT a drug treatment (amiodarone, 
sotalol or lidocaine) can be attempted in exceptional cases but 
conversion rates are low. For hemodynamically unstable patients 
with VA, immediate defibrillation with delivery of a single shock 
should be performed according to recommendations outlined in 
the international guidelines for cardiopulmonary resuscitation and 
emergency cardiovascular care [20,22,23].

Irrespective of the resultant rhythm cardiopulmonary 
resuscitation (CPR) starting with chest compressions should resume 
immediately after each shock to minimize the “no-flow” time. A 

compression-ventilation ratio of 30:2 is recommended; once an 
advanced airway has been inserted a continuous compression should 
be performed without pauses for ventilation. It is recommended to 
minimize interruptions in chest compressions. Whether a period of 
CPR should be performed before defibrillation in VF is the subject 
of intense debate. There is insufficient evidence to recommend any 
specific waveform for defibrillation [22,24,25]. There is still no data 
showing that any drug improve long-term outcome after cardiac 
arrest [26].

In patients with cardiac arrest and in which an adequate 
circulation cannot be recovered, it is reasonable to use a mechanical 
chest compression devices. A percutaneous LV assist device (LVAD) 
or extracorporeal membrane oxygenation (ECMO) may be useful 
as a bridge to recovery, in gaining time to implement and assist 
appropriate therapies and prolonging survival [27]. This does not 
apply to intra-aortic balloon pump (IABP). A recent meta-analysis 
shows overall no effect on the risk of in-hospital and long-term 
mortality and trend toward a higher risk of in-hospital death with 
IABP support [28].

Drug treatment

Beta-blockers and amiodarone were the only anti-arrhythmic 
drugs without severe pro-arrhythmic effects in patients with reduced 
left ventricular (LV)-function or coronary heart disease and therefore 
the first choices for AAD therapy of VA in patients with ACS. 
Beta-Blockade is an important treatment, which reduce the risk of 
recurrent VA by more than 50% [8,18,29]. The combination of beta-
blockers to amiodarone appears to reduce mortality [30,31].

In a systematic review of 5 studies (3 prospective, n = 93 patients; 
2 retrospective, n = 173 patients) in stable monomorphic VT (without 
acute myocardial infarction) all drugs are relatively ineffective to 
convert stable sustained VT to sinus rhythm (about 20-40%) [32]. 
The comparison between the medications shows, that amiodarone, 
procainamide, ajmaline or sotalol are superior to lidocaine and 
that amiodarone it not more effective than procainamide [33]. Two 
randomized trials demonstrated the benefit of amiodarone over 
standard of care, which included lidocaine in 80% of cases [34], or 
routine use of lidocaine [35] for shock refractory or recurrent VT/
VF for the end point of survival to hospital admission, but not to 
survival to hospital discharge. On the other hand a great retrospective 
analysis of ST-segment elevation myocardial infarction patients who 
developed sustained VT/VF (n = 1126, 5.9%) in the GUSTO IIB 
and GUSTO III trials compared all-cause mortality among those 
receiving amiodarone (n = 50, 4.4%), lidocaine (n = 664, 59.0%), both 
(n = 110, 9.8%) or no AAD (n = 302, 26.8%). Among patients who 
survived 3 h, amiodarone was associated with increased mortality 
at 30 days and 6 months but lidocaine was not [7]. But long-term 
therapy with amiodarone for secondary prevention of VA has an 
increased mortality compared to ICD [15]. Another recent study 
showed a benefit of prophylactic administration of lidocaine after 
successful resuscitation of patients with out-of-hospital VF cardiac 
arrest with a higher hospital admission rate and also an improved 
survival to discharge [36]. Due to this conflicting data it is clear that 
randomized studies are necessary to this topic. Until now there are 
no placebo-controlled trials comparing antiarrhythmics, nor are 
there studies comparing electrical with pharmacological strategy for 
sustained hemodynamically stable monomorphic VT. A currently 
ongoing study tries to answer the question whether amiodarone or 
lidocaine is better than placebo [37].

Considering the overall efficacy and side effects, beta-blockers 
and amiodarone (or in combination) should be considered first-line 
AAD for the suppression (intravenous or oral) or prevention (oral) 
of recurrent VA because they have the best efficacy-to-risk profile. 
Lidocaine (class IB AAD) should be considered as third choice for 
the acute intravenous management of recurrent VT/VF in ACS. 
Sotalol may be considered for patients with hemodynamically stable 
monomorphic VT without severely depressed LV function, including 
patients with ACS.
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When using other AAD the potential benefit should be weighed 
very carefully against the increased risk of worsening heart failure 
and pro-arrhythmia. For this reason other ADD were usually not 
recommended in ACS.

The prophylactic use of antiarrhythmics can be attempted in 
exceptional cases but is not recommended for general treatment [38]. 
Flecainide, propafenone, procainamide and ajmaline (class IA and IC 
AAD) exert their antiarrhythmic effects by slowing of depolarisation 
with various effects on the duration of the action potential. In 
the setting of ACS these drug-effects may cause more likely an 
aggravation than termination auf VA. The CAST trial has shown an 
increased mortality in patients after myocardial infarction treated 
with class I AAD [14]. For this reason these drugs should not be used 
in ACS. Even in the context of resuscitation there is no convincing 
evidence that the routine use of various AAD (atropine, amiodarone, 
lidocaine, procainamide, bretylium, magnesium) increases survival 
to hospital discharge [24].

Dofetilide, azimilide and dronedarone (class III AAD) prolong 
repolarization and refractory period. Dofetilide and azimilide have 
efficacy on suppression of VA [39,40]. Only limited experience 
with dronedarone on the use for VA or in the setting of ACS 
exists. But in patients with severe heart failure and LV dysfunction, 
treatment with dronedarone was associated with increased mortality 
(ANDROMEDA trial) [41]. The PALLAS trial for evaluation the 
effect of dronedarone in high-risk patients with permanent atrial 
fibrillation (AF) was terminated prematurely due to an increased risk 
of mortality or increased rate of heart failure [42]. But none of these 
drugs have been investigated for the treatment of VA in ACS and 
therefore cannot be recommended for this indication.

In patients with non ST-segment elevation ACS ranolazine 
reduces significantly the incidence of arrhythmias [43]. In case 
series ranolazine reduces the incidence of VA in patients with AAD-
refractory VT or premature ventricular complexes (PVC). In most 
cases ranolazine was given additional to class III ADD (amiodarone 
or sotalol) or to other AAD (mexilitine, lidocaine) [44,45]. But the 
role of ranolazine is still investigational and therefore cannot be 
recommended as standard therapy but may be helpful in drug therapy 
refractory cases.

Omega-3 polyunsaturated fatty acids (PUFA) have demonstrated 
to have antiarrhythmic properties. However, randomized studies 
have shown inconsistent results. A recent meta-analysis about nine 
randomized trials (n = 32,919) cannot show any significant effects on 
the risk of SCD or VA. When comparing omega-3 PUFA to placebo, 
there was a non-significant risk reduction of SCD or VA (odds ratio 
0.82, 95% confidence interval (CI) 0.60-1.21, p = 0.21) [46].

In undifferentiated regular stable wide-complex tachycardia, 
intravenous adenosine may be considered to convert the rhythm to 
sinus, and may help diagnose the underlying rhythm. Polymorphic 
wide-complex tachycardia associated with familial LQTS may be 
reduced with intravenous magnesium, beta-blockers and overdrive 
pacing [47]. Polymorphic wide-complex tachycardia associated with 
acquired long LQTS may be reduced with intravenous magnesium. 
Polymorphic wide-complex tachycardia without LQTS may be 
responsive to intravenous beta-blockers. Polymorphic wide-complex 
tachycardia associated with CPVT responded to intravenous beta-
blockers [48]. Other polymorphic wide-complex tachycardia 
associated with ACS may be responsive to intravenous beta-blockers 
[31]. In all patients with recurrent VA induced by PVCs overdrive 
pacing should be considered [49].

ICD-Therapy
For the long-term secondary prophylactic therapy, the advantage 

of ICD therapy has been well documented. ICD therapy is associated 
with significant reduction in mortality among survivors of VF or 
sustained VT, compared with AAD (mainly amiodarone) [16]. With 
the exception of beta-blockers, AAD have not shown to be effective as 
first line management of patients survived VA and should therefore 

not be used for secondary prevention of SCD [15,50-52]. ICD therapy 
is recommended as secondary prevention therapy to reduce mortality 
irrespective of LV function in patients with hemodynamically 
unstable VA, which does not occur within the first 48 hours of 
myocardial infarction [18,53].

For the long-term primary prophylactic therapy, the advantage of 
ICD therapy has also been well documented. Primary preventive ICD 
therapy has been shown to reduce all-cause mortality in patients with 
symptomatic heart failure and severe reduced LV ejection fraction 
(EF ≤ 40%) as a result of an acute myocardial infarction that occurred 
at least 40 days earlier [54-57]. Indication for primary preventive ICD 
should be considered only after a sufficient period of optimization of 
medical therapy (at least 3 months). In some cases, time period should 
be postponed until 3 months after revascularization procedures, 
to allow adequate time for recovery of LV function. Indication for 
primary preventive ICD results only if the ejection fraction remains 
persistently low despite optimal medical treatment. Patients should 
further be evaluated to the indication for resynchronization therapy 
according to the guidelines [53,58].

Increased appropriate or inappropriate ICD shocks are significant 
predictors of death, whereas VA treated with anti-tachycardia pacing 
(ATP) no change in mortality was noted. For this reason, all patients 
need optimized ICD programming strategies as presented in a recent 
review [59]. Optimal ICD programming includes prolongation of 
arrhythmia detection time, increase of heart rate detection threshold, 
optimization of efficacy of ATP, and temporally increases of lower 
pacing rate. Several studies showed, that increased detection time 
(30 out of 40 beats) could prevent both inappropriate shocks (shocks 
for rhythms other than VA) and unnecessary shocks (shocks for 
self-terminating episodes) in patients with VA [60-65]. Also an 
increase of the detection threshold for VT up to 180 – 200 bpm 
reduced significantly ICD shocks and improved mortality compared 
with conventional therapy without risk of an increase of syncope 
[61,63,66]. Finding optimal ATP mode is sometimes difficult. Several 
studies showed that effectiveness of ATP depends of the cycle length 
on the VT. ATP terminated slow VT (< 200 bpm) better than fast 
VF (> 200 bpm) [67,68]. ATP mode selection has also an impact on 
the effectiveness. ATP burst and scan seems to be better than ramp 
[68,69]. Multi-site ATP as biventricular ATP seems to be better than 
right ventricular ATP in patients with cardiac resynchronization 
therapy [70,71]. Multi-sequence ATP (> 3ATPs) also seems to be 
safe and effective [72]. Burst cycle length (CL) of ATP should be 85-
90% of the VT CL for fast VT and 70-80% for slow VT [68]. In cases 
of ineffective ATP delivery, CL of drive train could be shortened or 
an additional extra stimulus added in order to penetrate the circuit. 
If the CL of the VT is unaffected by the ATP, increasing numbers 
of paced beats could help to penetrate the VT circuit and interrupt 
the VT [68]. In some patients overdrive pacing by increasing the 
lower pacing rate of the ICD may avoid long pauses following PVC, 
shorten the QT interval and suppress recurrent VA [49]. The available 
supraventricular VT discrimination algorithms should be used (for 
example stability, onset, and wavelet).

VA Ablation
In patients with ACS, recurrent or incessant episodes of VT/VF or 

ES with repeated shocks are associated with poor prognosis. In these 
cases AAD therapy should be considered beyond, maybe combined 
with sedatives such as benzodiazepines. But if an AAD therapy 
as described above shows insufficient effect and/or the patient is 
suffering from incessant VT/VT or ES other forms of treatment such 
as VT/VF ablation during an electrophysiological study  [73], stellate 
ganglion blockade or renal denervation are taken into consideration. 
To perform a therapy to suppress incessant VA or ES is an accepted 
indication for placement of a percutaneous LV assist device [74]. 
The main mechanisms that lead to the induction of VA are macro-
re-entry emerging from surviving, partially depolarized myocytes 
within scar and areas of functional block that lead to slow conduction 
und unidirectional block critical to initiation re-entry [75]. The 
other mechanisms were (early or delayed) after-depolarization and 
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triggered activity from impaired but ischemia-resistant Purkinje fibers 
within areas of myocardial ischemia leading to PVC [76,77]. Catheter 
ablation of VA during the acute phase of ACS is rarely performed. 
Most experiences are made in patients with postinfarction VT ablation 
with scar related VA [78-85]. Radiofrequency ablation (RFA) using 
an irrigated tip ablation catheter in conjunction with a 3D electro-
anatomical mapping system is most commonly undertaken. An 
endocardial approach antegrade transseptal, retrograde transaortic or 
combined are in the most cases successful. In some cases an epicardial 
access are necessary and also successfully feasible [86,87].

Mapping of culprit PVC or VT requires frequently occurrence 
of the culprit arrhythmia during the electrophysiological study. 
Activation maps should be performed to identify the earliest site 
of activation of the culprit PVCs responsible for triggering the VT 
episodes and/or small sharp Purkinje potentials usually in regions of 
the ischemic border zone of the infarcted region. This low-amplitude, 
high frequency signals may precede PVC onset by > 0 ms at the site 
where the culprit PVC originates.

Entrainment-mapping is then performed near the site of earliest 
activation to characterize the arrhythmia/reentrant circuit. Substrate 
(voltage-map) or pace map guided ablation are a feasible strategy 
for unmappable VA, unstable hemodynamic VT or non-inducible 
VT during the procedure [85,88]. Pace mapping can be performed 
when spontaneous PVC or VT are not mappable to identify points 
with QRS morphology during pace mapping identical to that during 
documented VT or PVC. Substrate mapping (voltage-mapping) is 
performed to identify scar (and maybe subdividing into dense scar, 
border zones, and abnormal endocardium). The threshold voltage to 
consider an area as part of a scar should be < 1.5 mV. Within the 
area of abnormal low-amplitude electrograms double potentials, 
wide fractionated potentials, or late potentials during sinus or paced 
rhythm identify regions of slow conducting channels associated with 
the VT circuit.

Ablation lines and fractionations through areas of ischemia 
and slow conduction for homogenization of the substrate as 
well as circumferential ablation around substrate for isolation of 
substrates have been described as well as ablations of areas of late and 
fractionated potentials.

Two meta-analyses were available which describe the success of 
VA ablation [82,89]. The meta-analysis by Nayyar et al. [82] revealed 
successfully ablation in 72% (CI 71-89%) and only 6% patients had a 
recurrence of ES. 9% (CI 3-10%) of patients had failed procedures and 
procedure-related mortality occurred in 0.6%. 17% of patients died 
during follow-up period of 61 ± 37 weeks.

A recent study by Dinov et al. [83] demonstrated in a group with 
ischemic heart disease the number VT morphologies as predictor for 
the short-term success. For each additional VT inducible during the 
procedure, the odds for complete short term success deceased with 
an odds ratio of 0.61 (CI 0.45-0.82, p = 0.001). Procedure failure 
and partial success were independent predictors of VT recurrence. 
Procedure failure was associated with a > 4-fold increased probability 
of VT recurrence (hazard ratio 4.48, CI 1.21-16.55, p = 0.025). The 
probability for VT recurrence in patients with partially successful 
ablation was almost 2-fold higher compared with those with 
completely successful ablation (hazard ratio 1.9. CI 1.00-3.58, p = 
0.048).

In the most recent meta-analysis by Ghanbari et al. [89] was 
shown, that noninducibility after ablation of postinfarction VT is 
associated with a significant increase in arrhythmia-free survival 
compared with partial success (odds ratio 0.49, 95% CI 0.29-0.84, p 
= 0.009) or failed ablation procedures (odds ratio 0.10, 95% CI 0.06-
0.18, p < 0.001). There was also a significant reduction in all-cause 
mortality if patients are noninducible after VT ablation compared 
with partial success (odds ratio 0.59, 95% CI 0.36-0.98, p = 0.04) or 
failed ablation (odds ratio 0.32, 95% CI 0.10-0.99, p = 0.049). This 
is supported by a recent study by Silberbauer et al. [84] about 160 
patients. Patients with postprocedural VT noninducibility and late 

potential abolition compared to postprocedural inducibility patients 
demonstrated a significantly lower incidence of VT recurrence 
(16.4% versus 47.7%, p < 0.001) or cardiac death (4.1% versus 42.1%, 
p < 0.001).

Therefore it has to be recommended, that VT ablation have to be 
performed in high experienced centers to achieve a high success rate. 
Successful ablation of incessant VT or ES in patients with ACS or early 
post infarction period as well as rescue ablation of ES in patients with 
ischemic cardiomyopathy is described in only small series [76,79,90-
93]. But they could be successfully performed. Catheter ablation of VA 
in patients with ACS should be recommended, if these patients are in 
ES or suffer from incessant VT. Due to this high complex procedure in 
hemodynamically unstable patients with relevant increased mortality 
it requires highly trained electrophysiologists with experience in VT 
ablation within a high volume electrophysiological laboratory to 
perform such procedures.

Left ventricular assist device as bridging therapy

In unstable patients a percutaneous LVAD system should 
be considered. Percutaneous LVAD systems are a very effective 
bridging therapy in unstable patients with incessant VT or ES. A 
LVAD facilitate coronary angiography and percutaneous coronary 
interventional therapy as well as electrophysiological study with 
mapping, entrainment and ablation of VA in a setting of severe 
hemodynamic instability through maintaining perfusion [84,94]. A 
direct comparison of three percutaneous left ventricular circulatory 
assist systems in a porcine model show most potent hemodynamic 
efficacy with a right atrium to descending aorta support with ECMO. 
A left atrium to descending aorta support (Tandem Heart system) 
and a left ventricular to ascending aorta support (Impella 2.5 system) 
were less effective [95]. Catheter ablation of unstable VA supported 
by a LVAD was associated with shorter ablation times respectively 
facilitates extensive activation mapping of several unstable VTs 
[96,97]. It was also associated in some studies with reduced hospital 
length of stay and 3-month mortality [98].

Neuroaxial modulation

In cases of incessant VT respectively ES refractory to AAD 
treatment or VT/VF ablation stellate ganglion blockade is a possible 
meaningful and effective option. ES as well myocardial infarction 
is associated with augmented sympathetic activity and increased 
propensity for VA [99]. Animal models show an electroanatomic 
remodeling of the stellate ganglion after myocardial infarction with a 
persisting increase in the synaptic density of bilateral stellate ganglion 
and increased left stellate ganglion nerve activity [100]. It was also 
shown, that myocardial infarction alters regional and global pattern 
of sympathetic innervation, resulting in shorter activation recovery 
intervals in infarcted pig hearts, greater repolarization dispersion and 
altered activation propagation [101]. Left or right ganglion stellate 
stimulation increased dispersion of repolarization. The increase in 
repolarization time dispersion was due to an increase in activation 
recovery interval dispersion, correlated with the increase in T-peak 
to T-end interval [102]. With left ganglion stellate stimulation the 
greatest regional dispersion occurred on the LV anterior wall and 
LV apex, whereas with right ganglion stellate stimulation the greatest 
regional dispersion occurred in the right ventricular posterior wall. 
These conditions may underlie the mechanisms by which VA are 
initiated when sympathetic tone is enhanced.

In 1968 Zipes et al. reported surgical sympathectomy for control 
VA in patients with ischemic heart disease [103]. It was shown 1976, 
that unilateral cardiac sympathetic denervation by surgical removal 
or cooling one stellate ganglion increased VF threshold, wherein 
denervation of the left one is more effective than the right one [104]. 
This effect was evaluated 1992 in a placebo-controlled multicenter trial 
in 144 patients who survived a myocardial infarction complicated by 
either VT or VF. Beta-blocker as well as surgical selected left cardiac 
sympathetic denervation substantially reduced SCD [105]. In 147 
patients with LQTS left cardiac sympathectomy is associated with a 
significant reduction in the incidence of VA and syncope in a high 
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risk cohort [106]. In a recent retrospective analysis of 41 patients 
with refractory VT cardiac sympathetic denervation (bilateral or left-
sided) reduced significantly number of ICD shocks during follow-
up of 12 month compared before the procedure. Number of shocks 
was reduced from a mean of 19.6 ± 19 pre-procedure to 2.3 ± 2.9 
postprocedure (p < 0.001). Shock-free survival was greater in the 
bilateral than in the left cardiac sympathetic denervation group (48% 
vs. 30%, p = 0.04).

In addition to the surgical sympathetic denervation temporary 
percutaneous blockade are gaining more and more importance. 
Patients with ES treated with consequent sympathetic blockade 
(either high-dose beta-blocking drugs or percutaneous left stellate 
ganglion blockade with xylocaine) have a substantial better survival 
with reduced VA episodes compared to patients treated with class 
I AAD (lidocaine and/or procainamide) [31]. Alternating bilateral 
percutaneous stellate ganglion blockade is also a useful alternative 
procedure for the long-term management of refractory VT and VF 
or as a bridging method to more definite treatment of VA [107,108].

The standard fluoroscopic guided percutaneous stellate ganglion 
blockade is a reliable method for identifying bone surfaces which 
facilitates identifying the C6 and C7 transverse processes. Ultrasound 
guidance allows to identifying the correct fascial plane. This allows 
a more effective and precise percutaneous sympathetic block and 
may also improve safety of the procedure by direct visualization of 
vascular structures and soft tissue structures [109].

Renal sympathetic nerve (RSN), either afferent component or 
efferent component, modulates central sympathetic activity. In animal 
studies left-sided electrical stimulation of RSN induces both systemic 
and cardiac sympathetic hyperactivity and increases the incidence of 
ischemia-induced VA [110]. On the other hand renal denervation 
(RD) significantly prolonged ventricular effective refractory period 
and reduces the occurrence of VA during left ventricular ischemia 
[111,112], but not in all animal studies [113].

Human data specific to treatment of refractory VT consist 
of small series of patients treated with RD. Ukena et al. [114] was 
the first who describe RD as an adjunctive therapy for treatment 
of therapy resistant ES in two patients with chronic heart failure. 
One patient with non-obstructive hypertrophic cardiomyopathy 
had recurrent monomorphic VT despite extensive AAD, following 
repeated RFA (endo- and epicardial). The second patient with DCM 
suffered from recurrent polymorphic VT and VF and refused RFA. 
Following RD, VA was significantly reduced in both patients. The 
patient with hypertrophic cardiomyopathy demonstrated a decrease 
from 594 episodes to 57 episodes in the first week after RD and only 
a single episode in the 3 weeks that followed. The second patient with 
DCM VT-episodes decreased from 28 to 12 one day after RD with 
no further episodes up to 24 weeks after RD. Hoffmann et al. [115] 
presented a case of ES in a patient with acute ST-elevation myocardial 
infarction and recurrent monomorphic VT and VF refractory to 
AAD. After initial successful RFA of the VT, fast VT and VF episodes 
remained despite maximized AAD. After RD VT episode decreased 
from 1.8 to 0.5 episodes/day and the patient had no further episodes 
after day 23 and up to 6 month follow-up. Tsioufis et al. [116] reported 
a significantly decrease in PVC burden after RD in 14 patients. Remo 
et al. [117] published a small series of 4 patients with refractory VT 
despite maximized AAD and RFA. RD results in significant reduction 
in the number of VT episodes from 11.0 ± 4.2 during the month 
before RD to 0.3 ± 0.1 per month after RD. The largest series to date 
of 10 patients with refractory VT was published by Armaganijan et 
al [118]. The median number of VT/VF episodes 6 month before 
RD was 28.5 (range 1-106) and was reduced to 1 (range 0-17) at 1 
month and to 1 (range 0-9) 6 month after RD. Two patients were 
non-responders, one with persistent idioventricular rhythm and one 
with multiple renal arteries and therefore incomplete ablation. The 
same group [119] reported a case of RD in a patient with refractory 
VT and multiple renal arteries. Successful RD was done in 3 of 5 renal 
arteries reducing VT burden from 50 episodes within 48 hours before 
ablation to 10 VT episodes within the first week after ablation and 11 

episodes within the first month. No more VA was seen during the 
following 5 months.

These forms of therapy are reserved for individual cases of 
refractory to AAD treatment or VT/VF ablation. A number of 
successful cases or small series for both procedures are published.

Conclusion
This review summarizes different therapeutic options in 

patients with ACS and malignant VT/VF. As therapeutic options 
AAD therapy, ICD therapy, RFA, stellate ganglion blockade, and 
RD are available. The treatment option with AAD is limited due to 
moderate efficacy. Supplementary drug therapy with ranolazine 
may be considered in addition to AAD in individual patients. The 
advantage of ICD therapy for primary or secondary prophylaxis has 
been well documented. ICD therapy is associated with significant 
reduction in mortality compared with AAD (mainly amiodarone), 
with the exception of beta-blockers. RFA, temporary stellate ganglion 
blockade and RD are therapeutically options for incessant VT or ES. 
Placement of a percutaneous LVAD might be required to perform an 
interventional therapy (mainly RFA) to suppress incessant VA or ES.

References
1.	 Willich T, Goette A (2015) Update on management of cardiac arrhythmias in 

acute coronary syndromes. Minerva Cardioangiol 63: 121-133.

2.	 Mehta RH, Starr AZ, Lopes RD, Hochman JS, Widimsky P, et al. (2009) 
Incidence of and outcomes associated with ventricular tachycardia or 
fibrillation in patients undergoing primary percutaneous coronary intervention. 
JAMA 301: 1779-1789.

3.	 Piccini JP, White JA, Mehta RH, Lokhnygina Y, Al-Khatib SM, et al. (2012) 
Sustained ventricular tachycardia and ventricular fibrillation complicating non-
ST-segment-elevation acute coronary syndromes. Circulation 126: 41-49.

4.	 Thompson CA, Yarzebski J, Goldberg RJ, Lessard D, Gore JM, et al. 
(2000) Changes over time in the incidence and case-fatality rates of primary 
ventricular fibrillation complicating acute myocardial infarction: perspectives 
from the Worcester Heart Attack Study. Am Heart J 139: 1014-1021.

5.	 de Vreede-Swagemakers JJ, Gorgels AP, Dubois-Arbouw WI, van Ree JW, 
Daemen MJ, et al. (1997) Out-of-hospital cardiac arrest in the 1990’s: a 
population-based study in the Maastricht area on incidence, characteristics 
and survival. J Am Coll Cardiol 30: 1500-1505.

6.	 Bloch Thomsen PE, Jons C, Raatikainen MJ, Moerch Joergensen R, 
Hartikainen J, et al. (2010) Long-term recording of cardiac arrhythmias with 
an implantable cardiac monitor in patients with reduced ejection fraction after 
acute myocardial infarction: the Cardiac Arrhythmias and Risk Stratification 
After Acute Myocardial Infarction (CARISMA) study. Circulation 122: 1258-
1264.

7.	 Piccini JP, Schulte PJ, Pieper KS, Mehta RH, White HD, et al. (2011) 
Antiarrhythmic drug therapy for sustained ventricular arrhythmias complicating 
acute myocardial infarction. Crit Care Med 39: 78-83.

8.	 Piccini JP, Hranitzky PM, Kilaru R, Rouleau JL, White HD, et al. (2008)  
Relation of mortality to failure to prescribe beta blockers acutely in patients 
with sustained ventricular tachycardia and ventricular fibrillation following 
acute myocardial infarction (from the VALsartan In Acute myocardial 
iNfarcTion trial [VALIANT] Registry). Am J Cardiol 102: 1427-1432.

9.	 Janse MJ, Wit AL (1989) Electrophysiological mechanisms of ventricular 
arrhythmias resulting from myocardial ischemia and infarction. Physiol Rev 
69: 1049-1169.

10.	Pogwizd SM, Corr PB (1987) Electrophysiologic mechanisms underlying 
arrhythmias due to reperfusion of ischemic myocardium. Circulation 76: 404-
426.

11.	Di Diego JM, Antzelevitch C (2011) Ischemic ventricular arrhythmias: 
experimental models and their clinical relevance. Heart Rhythm 8: 1963-
1968.

12.	Benito B, Josephson ME (2012) Ventricular tachycardia in coronary artery 
disease. Rev Esp Cardiol (Engl Ed) 65: 939-955.

13.	Askari AT, Shishehbor MH, Kaminski MA, Riley MJ, Hsu A, et al. (2009) 
The association between early ventricular arrhythmias, renin-angiotensin-
aldosterone system antagonism, and mortality in patients with ST-segment-
elevation myocardial infarction: Insights from Global Use of Strategies to 
Open coronary arteries (GUSTO) V. Am Heart J 158: 238-243.

14.	(1989) Preliminary report: effect of encainide and flecainide on mortality in a 
randomized trial of arrhythmia suppression after myocardial infarction. The 
Cardiac Arrhythmia Suppression Trial (CAST) Investigators. N Engl J Med 
321: 406-412.

http://www.ncbi.nlm.nih.gov/pubmed/25612305
http://www.ncbi.nlm.nih.gov/pubmed/25612305
http://www.ncbi.nlm.nih.gov/pubmed/19417195
http://www.ncbi.nlm.nih.gov/pubmed/19417195
http://www.ncbi.nlm.nih.gov/pubmed/19417195
http://www.ncbi.nlm.nih.gov/pubmed/19417195
http://www.ncbi.nlm.nih.gov/pubmed/22645292
http://www.ncbi.nlm.nih.gov/pubmed/22645292
http://www.ncbi.nlm.nih.gov/pubmed/22645292
http://www.ncbi.nlm.nih.gov/pubmed/10827382
http://www.ncbi.nlm.nih.gov/pubmed/10827382
http://www.ncbi.nlm.nih.gov/pubmed/10827382
http://www.ncbi.nlm.nih.gov/pubmed/10827382
http://www.ncbi.nlm.nih.gov/pubmed/9362408
http://www.ncbi.nlm.nih.gov/pubmed/9362408
http://www.ncbi.nlm.nih.gov/pubmed/9362408
http://www.ncbi.nlm.nih.gov/pubmed/9362408
http://www.ncbi.nlm.nih.gov/pubmed/20837897
http://www.ncbi.nlm.nih.gov/pubmed/20837897
http://www.ncbi.nlm.nih.gov/pubmed/20837897
http://www.ncbi.nlm.nih.gov/pubmed/20837897
http://www.ncbi.nlm.nih.gov/pubmed/20837897
http://www.ncbi.nlm.nih.gov/pubmed/20837897
http://www.ncbi.nlm.nih.gov/pubmed/20959785
http://www.ncbi.nlm.nih.gov/pubmed/20959785
http://www.ncbi.nlm.nih.gov/pubmed/20959785
http://www.ncbi.nlm.nih.gov/pubmed/19026290
http://www.ncbi.nlm.nih.gov/pubmed/19026290
http://www.ncbi.nlm.nih.gov/pubmed/19026290
http://www.ncbi.nlm.nih.gov/pubmed/19026290
http://www.ncbi.nlm.nih.gov/pubmed/19026290
http://www.ncbi.nlm.nih.gov/pubmed/2678165
http://www.ncbi.nlm.nih.gov/pubmed/2678165
http://www.ncbi.nlm.nih.gov/pubmed/2678165
http://www.ncbi.nlm.nih.gov/pubmed/3608126
http://www.ncbi.nlm.nih.gov/pubmed/3608126
http://www.ncbi.nlm.nih.gov/pubmed/3608126
http://www.ncbi.nlm.nih.gov/pubmed/22951088
http://www.ncbi.nlm.nih.gov/pubmed/22951088
http://www.ncbi.nlm.nih.gov/pubmed/19619700
http://www.ncbi.nlm.nih.gov/pubmed/19619700
http://www.ncbi.nlm.nih.gov/pubmed/19619700
http://www.ncbi.nlm.nih.gov/pubmed/19619700
http://www.ncbi.nlm.nih.gov/pubmed/19619700
http://www.ncbi.nlm.nih.gov/pubmed/2473403
http://www.ncbi.nlm.nih.gov/pubmed/2473403
http://www.ncbi.nlm.nih.gov/pubmed/2473403
http://www.ncbi.nlm.nih.gov/pubmed/2473403


Willich and Goette. Int J Crit Care Emerg Med 2015, 1:2 • Page 6 of 8 •ISSN: 2474-3674

15.	Connolly SJ, Hallstrom AP, Cappato R, Schron EB, Kuck KH, et al. (2000) 
Meta-analysis of the implantable cardioverter defibrillator secondary 
prevention trials. AVID, CASH and CIDS studies. Antiarrhythmics vs 
Implantable Defibrillator study. Cardiac Arrest Study Hamburg. Canadian 
Implantable Defibrillator Study. Eur Heart J 21: 2071-2078.

16.	Lee DS, Green LD, Liu PP, Dorian P, Newman DM, et al. (2003) Effectiveness 
of implantable defibrillators for preventing arrhythmic events and death: a 
meta-analysis. J Am Coll Cardiol 41: 1573-1582.

17.	Nalliah CJ, Zaman S, Narayan A, Sullivan J, Kovoor P (2014) Coronary artery 
reperfusion for ST elevation myocardial infarction is associated with shorter 
cycle length ventricular tachycardia and fewer spontaneous arrhythmias. 
Europace 16:1053-1060.

18.	Steg PG, James SK, Atar D, Badano LP, Blömstrom-Lundqvist C, et al. 
(2012) ESC Guidelines for the management of acute myocardial infarction in 
patients presenting with ST-segment elevation. Eur Heart J 33: 2569-2619.

19.	Chatterjee S, Chaudhuri D, Vedanthan R, Fuster V, Ibanez B, et al. (2013) 
Early intravenous beta-blockers in patients with acute coronary syndrome--a 
meta-analysis of randomized trials. Int J Cardiol 168: 915-921.

20.	Gorenek B, Blomström Lundqvist C, Brugada Terradellas J, Camm AJ, 
Hindricks G, et al. (2014) Cardiac arrhythmias in acute coronary syndromes: 
position paper from the joint EHRA, ACCA, and EAPCI task force. Europace 
16: 1655-1673.

21.	Pedersen CT, Kay GN, Kalman J, Borggrefe M, Della-Bella P, et al. (2014) 
EHRA/HRS/APHRS expert consensus on ventricular arrhythmias. Europace 
16: 1257-1283.

22.	Hazinski MF, Nolan JP, Billi JE, Böttiger BW, Bossaert L, et al. (2010) Part 
1: Executive summary: 2010 International Consensus on Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care Science With Treatment 
Recommendations. Circulation 122: S250-S275.

23.	Zipes DP, Camm AJ, Borggrefe M, Buxton AE, Chaitman B, et al. (2006) 
ACC/AHA/ESC 2006 guidelines for management of patients with ventricular 
arrhythmias and the prevention of sudden cardiac death: a report of the 
American College of Cardiology/American Heart Association Task Force 
and the European Society of Cardiology Committee for Practice Guidelines 
(Writing Committee to Develop guidelines for management of patients 
with ventricular arrhythmias and the prevention of sudden cardiac death) 
developed in collaboration with the European Heart Rhythm Association and 
the Heart Rhythm Society. Europace 8: 746-837.

24.	Morrison LJ, Deakin CD, Morley PT, Callaway CW, Kerber RE, et al. 
(2010) Part 8: Advanced life support: 2010 International Consensus on 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care 
Science With Treatment Recommendations. Circulation 122: S345-S421.

25.	Jacobs I, Sunde K, Deakin CD, Hazinski MF, Kerber RE, et al. (2010) 
Part 6: Defibrillation: 2010 International Consensus on Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care Science With Treatment 
Recommendations. Circulation 122: S325-S337.

26.	Olasveengen TM, Sunde K, Brunborg C, Thowsen J, Steen PA, et al. (2009) 
Intravenous drug administration during out-of-hospital cardiac arrest: a 
randomized trial. JAMA 302: 2222-2229.

27.	Akhondi AB, Lee MS (2013) The use of percutaneous left ventricular assist 
device in high-risk percutaneous coronary intervention and cardiogenic 
shock. Rev Cardiovasc Med 14: e144-149.

28.	Romeo F, Acconcia MC, Sergi D, Romeo A, Muscoli S, et al. (2013) The 
outcome of intra-aortic balloon pump support in acute myocardial infarction 
complicated by cardiogenic shock according to the type of revascularization: 
a comprehensive meta-analysis. Am Heart J 165: 679-692.

29.	Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, et al. (2002) Prophylactic 
implantation of a defibrillator in patients with myocardial infarction and 
reduced ejection fraction. N Engl J Med 346: 877-883.

30.	Boutitie F, Boissel JP, Connolly SJ, Camm AJ, Cairns JA, et al. (1999) 
Amiodarone interaction with beta-blockers: analysis of the merged EMIAT 
(European Myocardial Infarct Amiodarone Trial) and CAMIAT (Canadian 
Amiodarone Myocardial Infarction Trial) databases. The EMIAT and CAMIAT 
Investigators. Circulation 99: 2268-2275.

31.	Nademanee K, Taylor R, Bailey WE, Rieders DE, Kosar EM (2000) Treating 
electrical storm: sympathetic blockade versus advanced cardiac life support-
guided therapy. Circulation 102: 742-747.

32.	deSouza IS, Martindale JL, Sinert R (2015) Antidysrhythmic drug therapy for 
the termination of stable, monomorphic ventricular tachycardia: a systematic 
review. Emerg Med J 32: 161-167.

33.	Marill KA, deSouza IS, Nishijima DK, Senecal EL, Setnik GS, et al. (2010) 
Amiodarone or procainamide for the termination of sustained stable 
ventricular tachycardia: an historical multicenter comparison. Acad Emerg 
Med 17: 297-306.

34.	Kudenchuk PJ, Cobb LA, Copass MK, Cummins RO, Doherty AM, et al. 
(1999) Amiodarone for resuscitation after out-of-hospital cardiac arrest due 
to ventricular fibrillation. N Engl J Med 341: 871-878.

35.	Dorian P, Cass D, Schwartz B, Cooper R, Gelaznikas R, et al. (2002) 
Amiodarone as compared with lidocaine for shock-resistant ventricular 
fibrillation. N Engl J Med 346: 884-890.

36.	Kudenchuk PJ, Newell C, White L, Fahrenbruch C, Rea T, Eisenberg M 
(2013)  Prophylactic lidocaine for post resuscitation care of patients with out-
of-hospital ventricular fibrillation cardiac arrest. Resuscitation 84: 1512-1518.

37.	Kudenchuk PJ, Brown SP, Daya M, Morrison LJ, Grunau BE, et al. (2014) 
Resuscitation Outcomes Consortium-Amiodarone, Lidocaine or Placebo 
Study (ROC-ALPS): Rationale and methodology behind an out-of-hospital 
cardiac arrest antiarrhythmic drug trial. Am Heart J 167: 653-659.

38.	O’Connor RE, Bossaert L, Arntz HR, Brooks SC, Diercks D, et al. (2010) 
Part 9: Acute coronary syndromes: 2010 International Consensus on 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care 
Science With Treatment Recommendations. Circulation 122: S422-S465.

39.	Hohnloser SH, Al-Khalidi HR, Pratt CM, Brum JM, Tatla DS, et al. (2006) 
Electrical storm in patients with an implantable defibrillator: incidence, 
features, and preventive therapy: insights from a randomized trial. Eur Heart 
J 27: 3027-3032.

40.	Baquero GA, Banchs JE, Depalma S, Young SK, Penny-Peterson ED, et 
al. (2012) Dofetilide reduces the frequency of ventricular arrhythmias and 
implantable cardioverter defibrillator therapies. J Cardiovasc Electrophysiol 
23: 296-301.

41.	Køber L, Torp-Pedersen C, McMurray JJ, Gøtzsche O, Lévy S, et al. (2008) 
Increased mortality after dronedarone therapy for severe heart failure. N Engl 
J Med 358: 2678-2687.

42.	Connolly SJ, Camm AJ, Halperin JL, Joyner C, Alings M, et al. (2011) 
Dronedarone in high-risk permanent atrial fibrillation. N Engl J Med 365: 
2268-2276.

43.	Scirica BM, Morrow DA, Hod H, Murphy SA, Belardinelli L, et al. (2007) 
Effect of ranolazine, an antianginal agent with novel electrophysiological 
properties, on the incidence of arrhythmias in patients with non ST-segment 
elevation acute coronary syndrome: results from the Metabolic Efficiency 
With Ranolazine for Less Ischemia in Non ST-Elevation Acute Coronary 
Syndrome Thrombolysis in Myocardial Infarction 36 (MERLIN-TIMI 36) 
randomized controlled trial. Circulation 116: 1647-1652.

44.	Bunch TJ, Mahapatra S, Murdock D, Molden J, Weiss JP, et al. (2011) 
Ranolazine reduces ventricular tachycardia burden and ICD shocks in patients 
with drug-refractory ICD shocks. Pacing Clin Electrophysiol 34: 1600-1606.

45.	Yeung E, Krantz MJ, Schuller JL, Dale RA, Haigney MC (2014) Ranolazine 
for the suppression of ventricular arrhythmia: a case series. Ann Noninvasive 
Electrocardiol 19: 345-350.

46.	Khoueiry G, Abi Rafeh N, Sullivan E, Saiful F, Jaffery Z, et al. (2013) Do 
omega-3 polyunsaturated fatty acids reduce risk of sudden cardiac death and 
ventricular arrhythmias? A meta-analysis of randomized trials. Heart Lung 
42: 251-256.

47.	Cerrone M, Cummings S, Alansari T, Priori SG (2012) A clinical approach to 
inherited arrhythmias. Circ Cardiovasc Genet 5: 581-590.

48.	Leenhardt A, Denjoy I, Guicheney P (2012) Catecholaminergic polymorphic 
ventricular tachycardia. Circ Arrhythm Electrophysiol 5: 1044-1052.

49.	Kurisu S, Inoue I, Kawagoe T, Ishihara M, Shimatani Y, et al. (2005) 
Temporary overdriving pacing as an adjunct to antiarrhythmic drug therapy 
for electrical storm in acute myocardial infarction. Circ J 69: 613-616.

50.	Kuck KH, Cappato R, Siebels J, Rüppel R (2000) Randomized comparison 
of antiarrhythmic drug therapy with implantable defibrillators in patients 
resuscitated from cardiac arrest : the Cardiac Arrest Study Hamburg (CASH). 
Circulation 102: 748-754.

51.	(1997) A comparison of antiarrhythmic-drug therapy with implantable 
defibrillators in patients resuscitated from near-fatal ventricular arrhythmias. 
The Antiarrhythmics versus Implantable Defibrillators (AVID) Investigators. N 
Engl J Med 337: 1576-1583.

52.	Connolly SJ, Gent M, Roberts RS, Dorian P, Roy D, et al. (2000) Canadian 
implantable defibrillator study (CIDS): a randomized trial of the implantable 
cardioverter defibrillator against amiodarone. Circulation 101: 1297-1302.

53.	McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Böhm M, et al. (2012) 
ESC Guidelines for the diagnosis and treatment of acute and chronic heart 
failure 2012: The Task Force for the Diagnosis and Treatment of Acute and 
Chronic Heart Failure 2012 of the European Society of Cardiology. Developed 
in collaboration with the Heart Failure Association (HFA) of the ESC. Eur 
Heart J 33: 1787-847.

54.	Moss AJ, Hall WJ, Cannom DS, Daubert JP, Higgins SL, et al. (1996) 
Improved survival with an implanted defibrillator in patients with coronary 
disease at high risk for ventricular arrhythmia. Multicenter Automatic 
Defibrillator Implantation Trial Investigators. N Engl J Med 335: 1933-1940.

55.	Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, et al. (2005) Amiodarone 
or an implantable cardioverter-defibrillator for congestive heart failure. N Engl 
J Med 352: 225-237.

http://www.ncbi.nlm.nih.gov/pubmed/11102258
http://www.ncbi.nlm.nih.gov/pubmed/11102258
http://www.ncbi.nlm.nih.gov/pubmed/11102258
http://www.ncbi.nlm.nih.gov/pubmed/11102258
http://www.ncbi.nlm.nih.gov/pubmed/11102258
http://www.ncbi.nlm.nih.gov/pubmed/12742300
http://www.ncbi.nlm.nih.gov/pubmed/12742300
http://www.ncbi.nlm.nih.gov/pubmed/12742300
http://www.ncbi.nlm.nih.gov/pubmed/24158256
http://www.ncbi.nlm.nih.gov/pubmed/24158256
http://www.ncbi.nlm.nih.gov/pubmed/24158256
http://www.ncbi.nlm.nih.gov/pubmed/24158256
http://www.ncbi.nlm.nih.gov/pubmed/22922416
http://www.ncbi.nlm.nih.gov/pubmed/22922416
http://www.ncbi.nlm.nih.gov/pubmed/22922416
http://www.ncbi.nlm.nih.gov/pubmed/23168009
http://www.ncbi.nlm.nih.gov/pubmed/23168009
http://www.ncbi.nlm.nih.gov/pubmed/23168009
http://www.ncbi.nlm.nih.gov/pubmed/25172845
http://www.ncbi.nlm.nih.gov/pubmed/25172845
http://www.ncbi.nlm.nih.gov/pubmed/25172845
http://www.ncbi.nlm.nih.gov/pubmed/25172845
http://www.ncbi.nlm.nih.gov/pubmed/25172618
http://www.ncbi.nlm.nih.gov/pubmed/25172618
http://www.ncbi.nlm.nih.gov/pubmed/25172618
http://www.ncbi.nlm.nih.gov/pubmed/20956249
http://www.ncbi.nlm.nih.gov/pubmed/20956249
http://www.ncbi.nlm.nih.gov/pubmed/20956249
http://www.ncbi.nlm.nih.gov/pubmed/20956249
http://www.ncbi.nlm.nih.gov/pubmed/16935866
http://www.ncbi.nlm.nih.gov/pubmed/16935866
http://www.ncbi.nlm.nih.gov/pubmed/16935866
http://www.ncbi.nlm.nih.gov/pubmed/16935866
http://www.ncbi.nlm.nih.gov/pubmed/16935866
http://www.ncbi.nlm.nih.gov/pubmed/16935866
http://www.ncbi.nlm.nih.gov/pubmed/16935866
http://www.ncbi.nlm.nih.gov/pubmed/16935866
http://www.ncbi.nlm.nih.gov/pubmed/16935866
http://www.ncbi.nlm.nih.gov/pubmed/20956256
http://www.ncbi.nlm.nih.gov/pubmed/20956256
http://www.ncbi.nlm.nih.gov/pubmed/20956256
http://www.ncbi.nlm.nih.gov/pubmed/20956256
http://circ.ahajournals.org/content/122/16_suppl_2/S325.full
http://circ.ahajournals.org/content/122/16_suppl_2/S325.full
http://circ.ahajournals.org/content/122/16_suppl_2/S325.full
http://circ.ahajournals.org/content/122/16_suppl_2/S325.full
http://www.ncbi.nlm.nih.gov/pubmed/19934423
http://www.ncbi.nlm.nih.gov/pubmed/19934423
http://www.ncbi.nlm.nih.gov/pubmed/19934423
http://www.ncbi.nlm.nih.gov/pubmed/24448256
http://www.ncbi.nlm.nih.gov/pubmed/24448256
http://www.ncbi.nlm.nih.gov/pubmed/24448256
http://www.ncbi.nlm.nih.gov/pubmed/23622904
http://www.ncbi.nlm.nih.gov/pubmed/23622904
http://www.ncbi.nlm.nih.gov/pubmed/23622904
http://www.ncbi.nlm.nih.gov/pubmed/23622904
http://www.ncbi.nlm.nih.gov/pubmed/11907286
http://www.ncbi.nlm.nih.gov/pubmed/11907286
http://www.ncbi.nlm.nih.gov/pubmed/11907286
http://www.ncbi.nlm.nih.gov/pubmed/10226092
http://www.ncbi.nlm.nih.gov/pubmed/10226092
http://www.ncbi.nlm.nih.gov/pubmed/10226092
http://www.ncbi.nlm.nih.gov/pubmed/10226092
http://www.ncbi.nlm.nih.gov/pubmed/10226092
http://www.ncbi.nlm.nih.gov/pubmed/10942741
http://www.ncbi.nlm.nih.gov/pubmed/10942741
http://www.ncbi.nlm.nih.gov/pubmed/10942741
http://www.ncbi.nlm.nih.gov/pubmed/24042252
http://www.ncbi.nlm.nih.gov/pubmed/24042252
http://www.ncbi.nlm.nih.gov/pubmed/24042252
http://www.ncbi.nlm.nih.gov/pubmed/20370763
http://www.ncbi.nlm.nih.gov/pubmed/20370763
http://www.ncbi.nlm.nih.gov/pubmed/20370763
http://www.ncbi.nlm.nih.gov/pubmed/20370763
http://www.ncbi.nlm.nih.gov/pubmed/10486418
http://www.ncbi.nlm.nih.gov/pubmed/10486418
http://www.ncbi.nlm.nih.gov/pubmed/10486418
http://www.ncbi.nlm.nih.gov/pubmed/11907287
http://www.ncbi.nlm.nih.gov/pubmed/11907287
http://www.ncbi.nlm.nih.gov/pubmed/11907287
http://www.ncbi.nlm.nih.gov/pubmed/23743237
http://www.ncbi.nlm.nih.gov/pubmed/23743237
http://www.ncbi.nlm.nih.gov/pubmed/23743237
http://www.ncbi.nlm.nih.gov/pubmed/24766974
http://www.ncbi.nlm.nih.gov/pubmed/24766974
http://www.ncbi.nlm.nih.gov/pubmed/24766974
http://www.ncbi.nlm.nih.gov/pubmed/24766974
http://www.ncbi.nlm.nih.gov/pubmed/20956257
http://www.ncbi.nlm.nih.gov/pubmed/20956257
http://www.ncbi.nlm.nih.gov/pubmed/20956257
http://www.ncbi.nlm.nih.gov/pubmed/20956257
http://www.ncbi.nlm.nih.gov/pubmed/17050586
http://www.ncbi.nlm.nih.gov/pubmed/17050586
http://www.ncbi.nlm.nih.gov/pubmed/17050586
http://www.ncbi.nlm.nih.gov/pubmed/17050586
http://www.ncbi.nlm.nih.gov/pubmed/21955243
http://www.ncbi.nlm.nih.gov/pubmed/21955243
http://www.ncbi.nlm.nih.gov/pubmed/21955243
http://www.ncbi.nlm.nih.gov/pubmed/21955243
http://www.ncbi.nlm.nih.gov/pubmed/18565860
http://www.ncbi.nlm.nih.gov/pubmed/18565860
http://www.ncbi.nlm.nih.gov/pubmed/18565860
http://www.ncbi.nlm.nih.gov/pubmed/22082198
http://www.ncbi.nlm.nih.gov/pubmed/22082198
http://www.ncbi.nlm.nih.gov/pubmed/22082198
http://www.ncbi.nlm.nih.gov/pubmed/17804441
http://www.ncbi.nlm.nih.gov/pubmed/17804441
http://www.ncbi.nlm.nih.gov/pubmed/17804441
http://www.ncbi.nlm.nih.gov/pubmed/17804441
http://www.ncbi.nlm.nih.gov/pubmed/17804441
http://www.ncbi.nlm.nih.gov/pubmed/17804441
http://www.ncbi.nlm.nih.gov/pubmed/17804441
http://www.ncbi.nlm.nih.gov/pubmed/21895727
http://www.ncbi.nlm.nih.gov/pubmed/21895727
http://www.ncbi.nlm.nih.gov/pubmed/21895727
http://www.ncbi.nlm.nih.gov/pubmed/24533675
http://www.ncbi.nlm.nih.gov/pubmed/24533675
http://www.ncbi.nlm.nih.gov/pubmed/24533675
http://www.ncbi.nlm.nih.gov/pubmed/23714269
http://www.ncbi.nlm.nih.gov/pubmed/23714269
http://www.ncbi.nlm.nih.gov/pubmed/23714269
http://www.ncbi.nlm.nih.gov/pubmed/23714269
http://www.ncbi.nlm.nih.gov/pubmed/23022705
http://www.ncbi.nlm.nih.gov/pubmed/23022705
http://www.ncbi.nlm.nih.gov/pubmed/15849451
http://www.ncbi.nlm.nih.gov/pubmed/15849451
http://www.ncbi.nlm.nih.gov/pubmed/15849451
http://www.ncbi.nlm.nih.gov/pubmed/10942742
http://www.ncbi.nlm.nih.gov/pubmed/10942742
http://www.ncbi.nlm.nih.gov/pubmed/10942742
http://www.ncbi.nlm.nih.gov/pubmed/10942742
http://www.ncbi.nlm.nih.gov/pubmed/9411221
http://www.ncbi.nlm.nih.gov/pubmed/9411221
http://www.ncbi.nlm.nih.gov/pubmed/9411221
http://www.ncbi.nlm.nih.gov/pubmed/9411221
http://www.ncbi.nlm.nih.gov/pubmed/10725290
http://www.ncbi.nlm.nih.gov/pubmed/10725290
http://www.ncbi.nlm.nih.gov/pubmed/10725290
http://www.ncbi.nlm.nih.gov/pubmed/22611136
http://www.ncbi.nlm.nih.gov/pubmed/22611136
http://www.ncbi.nlm.nih.gov/pubmed/22611136
http://www.ncbi.nlm.nih.gov/pubmed/22611136
http://www.ncbi.nlm.nih.gov/pubmed/22611136
http://www.ncbi.nlm.nih.gov/pubmed/22611136
http://www.nejm.org/doi/full/10.1056/NEJM199612263352601
http://www.nejm.org/doi/full/10.1056/NEJM199612263352601
http://www.nejm.org/doi/full/10.1056/NEJM199612263352601
http://www.nejm.org/doi/full/10.1056/NEJM199612263352601
http://www.nejm.org/doi/full/10.1056/NEJMoa043399
http://www.nejm.org/doi/full/10.1056/NEJMoa043399
http://www.nejm.org/doi/full/10.1056/NEJMoa043399


Willich and Goette. Int J Crit Care Emerg Med 2015, 1:2 • Page 7 of 8 •ISSN: 2474-3674

56.	Kadish A, Dyer A, Daubert JP, Quigg R, Estes NA, et al. (2004) Prophylactic 
defibrillator implantation in patients with nonischemic dilated cardiomyopathy. 
N Engl J Med 350: 2151-2158.

57.	Lee DS, Green LD, Liu PP, Dorian P, Newman DM, et al. (2003) Effectiveness 
of implantable defibrillators for preventing arrhythmic events and death: a 
meta-analysis. J Am Coll Cardiol 41: 1573-1582.

58.	Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, Boriani G, et al. 
(2013) 2013 ESC Guidelines on cardiac pacing and cardiac resynchronization 
therapy: the Task Force on cardiac pacing and resynchronization therapy of 
the European Society of Cardiology (ESC). Developed in collaboration with 
the European Heart Rhythm Association (EHRA). Eur Heart J 34: 2281-2329.

59.	Qian Z, Guo J, Zhang Z, Wang Y, Hou X, et al. (2015) Optimal programming 
management of ventricular tachycardia storm in ICD patients. J Biomed Res 
29: 35-43.

60.	Gasparini M, Menozzi C, Proclemer A, Landolina M, Iacopino S, et al. (2009) 
A simplified biventricular defibrillator with fixed long detection intervals 
reduces implantable cardioverter defibrillator (ICD) interventions and heart 
failure hospitalizations in patients with non-ischaemic cardiomyopathy 
implanted for primary prevention: the RELEVANT [Role of long dEtection 
window programming in patients with LEft VentriculAr dysfunction, Non-
ischemic eTiology in primary prevention treated with a biventricular ICD] 
study. Eur Heart J 30: 2758-2767.

61.	Moss AJ, Schuger C, Beck CA, Brown MW, Cannom DS, et al. (2012) 
Reduction in inappropriate therapy and mortality through ICD programming. 
N Engl J Med 367: 2275-2283.

62.	Gasparini M, Proclemer A, Klersy C, Kloppe A, Lunati M, et al. (2013) Effect 
of long-detection interval vs standard-detection interval for implantable 
cardioverter-defibrillators on antitachycardia pacing and shock delivery: the 
ADVANCE III randomized clinical trial. JAMA 309: 1903-1911.

63.	Saeed M, Hanna I, Robotis D, Styperek R, Polosajian L, et al. (2014) 
Programming implantable cardioverter-defibrillators in patients with primary 
prevention indication to prolong time to first shock: results from the PROVIDE 
study. J Cardiovasc Electrophysiol 25: 52-59.

64.	Scott PA, Silberbauer J, McDonagh TA, Murgatroyd FD (2014) Impact of 
prolonged implantable cardioverter-defibrillator arrhythmia detection times on 
outcomes: a meta-analysis. Heart Rhythm 11: 828-835.

65.	Auricchio A, Schloss EJ, Kurita T, Meijer A, Gerritse B, et al. (2015) Low 
inappropriate shock rates in patients with single- and dual/triple-chamber 
implantable cardioverter-defibrillators using a novel suite of detection 
algorithms: PainFree SST trial primary results. Heart Rhythm 12: 926-936.

66.	Wilkoff BL, Williamson BD, Stern RS, Moore SL, Lu F, et al. (2008) Strategic 
programming of detection and therapy parameters in implantable cardioverter-
defibrillators reduces shocks in primary prevention patients: results from the 
PREPARE (Primary Prevention Parameters Evaluation) study. J Am Coll 
Cardiol 52: 541-550.

67.	Wathen MS, DeGroot PJ, Sweeney MO, Stark AJ, Otterness MF, et al. (2004) 
Prospective randomized multicenter trial of empirical antitachycardia pacing 
versus shocks for spontaneous rapid ventricular tachycardia in patients with 
implantable cardioverter-defibrillators: Pacing Fast Ventricular Tachycardia 
Reduces Shock Therapies (PainFREE Rx II) trial results. Circulation 110: 
2591-2596.

68.	Sweeney MO (2004) Antitachycardia pacing for ventricular tachycardia using 
implantable cardioverter defibrillators:. Pacing Clin Electrophysiol 27: 1292-
1305.

69.	Dewland TA, Carter N, Jones P, Saxon L, Lovelock J, et al. (2014) Influence 
of ventricular arrhythmia rate and device programming on anti-tachyvardia 
pacing efficacy: results from the ALTITUDE study. Heart Rhythm 11: 27-3.

70.	Gasparini M, Anselme F, Clementy J, Santini M, Martínez-Ferrer J, et al. (2010) 
BIVentricular versus right ventricular antitachycardia pacing to terminate 
ventricular tachyarrhythmias in patients receiving cardiac resynchronization 
therapy: the ADVANCE CRT-D Trial. Am Heart J 159: 1116-1123.

71.	Haghjoo M, Hajahmadi M, Fazelifar AF, Sadr-Ameli MA (2011) Efficacy and 
safety of different antitachycardia pacing sites in the termination of ventricular 
tachycardia in patients with biventricular implantable cardioverter-defibrillator. 
Europace 13: 509-513.

72.	Martins RP, Blangy H, Muresan L, Freysz L, Groben L, et al. (2012) Safety and 
efficacy of programming a high number of antitachycardia pacing attempts for 
fast ventricular tachycardia: a prospective study. Europace 14: 1457-1464.

73.	Aliot EM, Stevenson WG, Almendral-Garrote JM, Bogun F, Calkins CH, et 
al. (2009) EHRA/HRS Expert Consensus on Catheter Ablation of Ventricular 
Arrhythmias: developed in a partnership with the European Heart Rhythm 
Association (EHRA), a Registered Branch of the European Society of 
Cardiology (ESC), and the Heart Rhythm Society (HRS); in collaboration 
with the American College of Cardiology (ACC) and the American Heart 
Association (AHA). Europace 11: 771-817.

74.	Bunch TJ, Mahapatra S, Madhu Reddy Y, Lakkireddy D (2012) The role of 
percutaneous left ventricular assist devices during ventricular tachycardia 
ablation. Europace 14 Suppl 2: ii26-26ii32.

75.	Morady F, Frank R, Kou WH, Tonet JL, Nelson SD, et al. (1988) Identification 
and catheter ablation of a zone of slow conduction in the reentrant circuit of 
ventricular tachycardia in humans. J Am Coll Cardiol 11: 775-782.

76.	Bänsch D, Oyang F, Antz M, Arentz T, Weber R, et al. (2003) Successful 
catheter ablation of electrical storm after myocardial infarction. Circulation 
108: 3011-3016.

77.	Szumowski L, Sanders P, Walczak F, Hocini M, Jaïs P, et al. (2004) 
Mapping and ablation of polymorphic ventricular tachycardia after myocardial 
infarction. J Am Coll Cardiol 44: 1700-1706.

78.	Stevenson WG, Wilber DJ, Natale A, Jackman WM, Marchlinski FE, et al. 
(2008) Irrigated radiofrequency catheter ablation guided by electroanatomic 
mapping for recurrent ventricular tachycardia after myocardial infarction: the 
multicenter thermocool ventricular tachycardia ablation trial. Circulation 118: 
2773-2782.

79.	Carbucicchio C, Santamaria M, Trevisi N, Maccabelli G, Giraldi F, et al. 
(2008) Catheter ablation for the treatment of electrical storm in patients with 
implantable cardioverter-defibrillators: short- and long-term outcomes in a 
prospective single-center study. Circulation 117: 462-469.

80.	Tanner H, Hindricks G, Volkmer M, Furniss S, Kühlkamp V, et al. (2010) 
Catheter ablation of recurrent scar-related ventricular tachycardia using 
electroanatomical mapping and irrigated ablation technology: results of the 
prospective multicenter Euro-VT-study. J Cardiovasc Electrophysiol 21: 47-
53.

81.	Kuck KH, Schaumann A, Eckardt L, Willems S, Ventura R, et al. (2010) 
Catheter ablation of stable ventricular tachycardia before defibrillator 
implantation in patients with coronary heart disease (VTACH): a multicentre 
randomised controlled trial. Lancet 375: 31-40.

82.	Nayyar S, Ganesan AN, Brooks AG, Sullivan T, Roberts-Thomson KC, et al. 
(2013) Venturing into ventricular arrhythmia storm: a systematic review and 
meta-analysis. Eur Heart J 34: 560-571.

83.	Dinov B, Fiedler L, Schönbauer R, Bollmann A, Rolf S, et al. (2014) Outcomes in 
catheter ablation of ventricular tachycardia in dilated nonischemic cardiomyopathy 
compared with ischemic cardiomyopathy: results from the Prospective Heart 
Centre of Leipzig VT (HELP-VT) Study. Circulation 129: 728-736.

84.	Silberbauer J, Oloriz T, Maccabelli G, Tsiachris D, Baratto F, et al. (2014) 
Noninducibility and late potential abolition: a novel combined prognostic 
procedural end point for catheter ablation of postinfarction ventricular 
tachycardia. Circ Arrhythm Electrophysiol 7: 424-435.

85.	Tilz RR, Makimoto H, Lin T, Rillig A, Deiss S, et al. (2014)  Electrical 
isolation of a substrate after myocardial infarction: a novel ablation strategy 
for unmappable ventricular tachycardias--feasibility and clinical outcome. 
Europace 16: 1040-1052.

86.	Sacher F, Roberts-Thomson K, Maury P, Tedrow U, Nault I, et al. (2010) 
Epicardial ventricular tachycardia ablation a multicenter safety study. J Am 
Coll Cardiol 55: 2366-2372.

87.	Della Bella P, Brugada J, Zeppenfeld K, Merino J, Neuzil P, et al. (2011) 
Epicardial ablation for ventricular tachycardia: a European multicenter study. 
Circ Arrhythm Electrophysiol 4: 653-659.

88.	Hsia HH, Lin D, Sauer WH, Callans DJ, Marchlinski FE (2006) Anatomic 
characterization of endocardial substrate for hemodynamically stable 
reentrant ventricular tachycardia: identification of endocardial conducting 
channels. Heart Rhythm 3: 503-512.

89.	Ghanbari H, Baser K, Yokokawa M, Stevenson W, Della Bella P, et al. (2014) 
Noninducibility in postinfarction ventricular tachycardia as an end point for 
ventricular tachycardia ablation and its effects on outcomes: a meta-analysis. 
Circ Arrhythm Electrophysiol 7: 677-683.

90.	Schreieck J, Zrenner B, Deisenhofer I, Schmitt C (2005) Rescue ablation 
of electrical storm in patients with ischemic cardiomyopathy: a potential-
guided ablation approach by modifying substrate of intractable, unmappable 
ventricular tachycardias. Heart Rhythm 2: 10-14.

91.	Thoppil PS, Rao BH, Jaishankar S, Narasimhan C (2008) Successful catheter 
ablation of persistent electrical storm late post myocardial infarction by targeting 
purkinje arborization triggers. Indian Pacing Electrophysiol J 8: 298-303.

92.	Saggu D, Shah M, Gopi A, Hanumandla A, Narasimhan C (2014) Catheter 
ablation in patients with electrical storm in early post infarction period (6 weeks): 
a single centre experience. Indian Pacing Electrophysiol J 14: 233-239.

93.	Aksu T, Guler TE, Golcuk E, Ozcan KS, Erden I (2015) Successful focal 
ablation in a patient with electrical storm in the early postinfarction period: 
case report. Int Med Case Rep J 8: 59-63.

94.	Ücer E, Fredersdorf S, Jungbauer C, Debl K, Philipp A, et al. (2014) A unique 
access for the ablation catheter to treat electrical storm in a patient with 
extracorporeal life support. Europace 16: 299-302.

95.	Ostadal P, Mlcek M, Holy F, Horakova S, Kralovec S, et al. (2012)  Direct 
comparison of percutaneous circulatory support systems in specific 
hemodynamic conditions in a porcine model. Circ Arrhythm Electrophysiol 
5: 1202-1206.

http://www.nejm.org/doi/full/10.1056/NEJMoa033088
http://www.nejm.org/doi/full/10.1056/NEJMoa033088
http://www.nejm.org/doi/full/10.1056/NEJMoa033088
http://www.ncbi.nlm.nih.gov/pubmed/12742300
http://www.ncbi.nlm.nih.gov/pubmed/12742300
http://www.ncbi.nlm.nih.gov/pubmed/12742300
http://www.ncbi.nlm.nih.gov/pubmed/23801822
http://www.ncbi.nlm.nih.gov/pubmed/23801822
http://www.ncbi.nlm.nih.gov/pubmed/23801822
http://www.ncbi.nlm.nih.gov/pubmed/23801822
http://www.ncbi.nlm.nih.gov/pubmed/23801822
http://www.ncbi.nlm.nih.gov/pubmed/25745473
http://www.ncbi.nlm.nih.gov/pubmed/25745473
http://www.ncbi.nlm.nih.gov/pubmed/25745473
http://www.ncbi.nlm.nih.gov/pubmed/19567380
http://www.ncbi.nlm.nih.gov/pubmed/19567380
http://www.ncbi.nlm.nih.gov/pubmed/19567380
http://www.ncbi.nlm.nih.gov/pubmed/19567380
http://www.ncbi.nlm.nih.gov/pubmed/19567380
http://www.ncbi.nlm.nih.gov/pubmed/19567380
http://www.ncbi.nlm.nih.gov/pubmed/19567380
http://www.ncbi.nlm.nih.gov/pubmed/19567380
http://www.ncbi.nlm.nih.gov/pubmed/23131066
http://www.ncbi.nlm.nih.gov/pubmed/23131066
http://www.ncbi.nlm.nih.gov/pubmed/23131066
http://www.ncbi.nlm.nih.gov/pubmed/23652522
http://www.ncbi.nlm.nih.gov/pubmed/23652522
http://www.ncbi.nlm.nih.gov/pubmed/23652522
http://www.ncbi.nlm.nih.gov/pubmed/23652522
http://onlinelibrary.wiley.com/doi/10.1111/jce.12273/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jce.12273/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jce.12273/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jce.12273/abstract
http://www.ncbi.nlm.nih.gov/pubmed/24530622
http://www.ncbi.nlm.nih.gov/pubmed/24530622
http://www.ncbi.nlm.nih.gov/pubmed/24530622
http://www.ncbi.nlm.nih.gov/pubmed/25637563
http://www.ncbi.nlm.nih.gov/pubmed/25637563
http://www.ncbi.nlm.nih.gov/pubmed/25637563
http://www.ncbi.nlm.nih.gov/pubmed/25637563
http://www.ncbi.nlm.nih.gov/pubmed/18687248
http://www.ncbi.nlm.nih.gov/pubmed/18687248
http://www.ncbi.nlm.nih.gov/pubmed/18687248
http://www.ncbi.nlm.nih.gov/pubmed/18687248
http://www.ncbi.nlm.nih.gov/pubmed/18687248
http://www.ncbi.nlm.nih.gov/pubmed/15492306
http://www.ncbi.nlm.nih.gov/pubmed/15492306
http://www.ncbi.nlm.nih.gov/pubmed/15492306
http://www.ncbi.nlm.nih.gov/pubmed/15492306
http://www.ncbi.nlm.nih.gov/pubmed/15492306
http://www.ncbi.nlm.nih.gov/pubmed/15492306
http://www.ncbi.nlm.nih.gov/pubmed/15461721
http://www.ncbi.nlm.nih.gov/pubmed/15461721
http://www.ncbi.nlm.nih.gov/pubmed/15461721
http://ondemand.hrsonline.org/common/presentation-detail.aspx/15/35/1236/8575
http://ondemand.hrsonline.org/common/presentation-detail.aspx/15/35/1236/8575
http://ondemand.hrsonline.org/common/presentation-detail.aspx/15/35/1236/8575
http://www.ncbi.nlm.nih.gov/pubmed/20569728
http://www.ncbi.nlm.nih.gov/pubmed/20569728
http://www.ncbi.nlm.nih.gov/pubmed/20569728
http://www.ncbi.nlm.nih.gov/pubmed/20569728
http://www.ncbi.nlm.nih.gov/pubmed/21296776
http://www.ncbi.nlm.nih.gov/pubmed/21296776
http://www.ncbi.nlm.nih.gov/pubmed/21296776
http://www.ncbi.nlm.nih.gov/pubmed/21296776
http://www.ncbi.nlm.nih.gov/pubmed/22547765
http://www.ncbi.nlm.nih.gov/pubmed/22547765
http://www.ncbi.nlm.nih.gov/pubmed/22547765
http://www.ncbi.nlm.nih.gov/pubmed/19443434
http://www.ncbi.nlm.nih.gov/pubmed/19443434
http://www.ncbi.nlm.nih.gov/pubmed/19443434
http://www.ncbi.nlm.nih.gov/pubmed/19443434
http://www.ncbi.nlm.nih.gov/pubmed/19443434
http://www.ncbi.nlm.nih.gov/pubmed/19443434
http://www.ncbi.nlm.nih.gov/pubmed/19443434
http://www.ncbi.nlm.nih.gov/pubmed/22832915
http://www.ncbi.nlm.nih.gov/pubmed/22832915
http://www.ncbi.nlm.nih.gov/pubmed/22832915
http://www.ncbi.nlm.nih.gov/pubmed/3351143
http://www.ncbi.nlm.nih.gov/pubmed/3351143
http://www.ncbi.nlm.nih.gov/pubmed/3351143
http://www.ncbi.nlm.nih.gov/pubmed/14662718
http://www.ncbi.nlm.nih.gov/pubmed/14662718
http://www.ncbi.nlm.nih.gov/pubmed/14662718
http://www.ncbi.nlm.nih.gov/pubmed/15489106
http://www.ncbi.nlm.nih.gov/pubmed/15489106
http://www.ncbi.nlm.nih.gov/pubmed/15489106
http://www.ncbi.nlm.nih.gov/pubmed/19064682
http://www.ncbi.nlm.nih.gov/pubmed/19064682
http://www.ncbi.nlm.nih.gov/pubmed/19064682
http://www.ncbi.nlm.nih.gov/pubmed/19064682
http://www.ncbi.nlm.nih.gov/pubmed/19064682
http://www.ncbi.nlm.nih.gov/pubmed/18172038
http://www.ncbi.nlm.nih.gov/pubmed/18172038
http://www.ncbi.nlm.nih.gov/pubmed/18172038
http://www.ncbi.nlm.nih.gov/pubmed/18172038
http://www.ncbi.nlm.nih.gov/pubmed/19656251
http://www.ncbi.nlm.nih.gov/pubmed/19656251
http://www.ncbi.nlm.nih.gov/pubmed/19656251
http://www.ncbi.nlm.nih.gov/pubmed/19656251
http://www.ncbi.nlm.nih.gov/pubmed/19656251
http://www.ncbi.nlm.nih.gov/pubmed/20109864
http://www.ncbi.nlm.nih.gov/pubmed/20109864
http://www.ncbi.nlm.nih.gov/pubmed/20109864
http://www.ncbi.nlm.nih.gov/pubmed/20109864
http://www.ncbi.nlm.nih.gov/pubmed/23264584
http://www.ncbi.nlm.nih.gov/pubmed/23264584
http://www.ncbi.nlm.nih.gov/pubmed/23264584
http://www.ncbi.nlm.nih.gov/pubmed/24211823
http://www.ncbi.nlm.nih.gov/pubmed/24211823
http://www.ncbi.nlm.nih.gov/pubmed/24211823
http://www.ncbi.nlm.nih.gov/pubmed/24211823
http://www.ncbi.nlm.nih.gov/pubmed/24833642
http://www.ncbi.nlm.nih.gov/pubmed/24833642
http://www.ncbi.nlm.nih.gov/pubmed/24833642
http://www.ncbi.nlm.nih.gov/pubmed/24833642
http://www.ncbi.nlm.nih.gov/pubmed/20488308
http://www.ncbi.nlm.nih.gov/pubmed/20488308
http://www.ncbi.nlm.nih.gov/pubmed/20488308
http://www.ncbi.nlm.nih.gov/pubmed/21841191
http://www.ncbi.nlm.nih.gov/pubmed/21841191
http://www.ncbi.nlm.nih.gov/pubmed/21841191
http://www.ncbi.nlm.nih.gov/pubmed/16648052
http://www.ncbi.nlm.nih.gov/pubmed/16648052
http://www.ncbi.nlm.nih.gov/pubmed/16648052
http://www.ncbi.nlm.nih.gov/pubmed/16648052
http://www.ncbi.nlm.nih.gov/pubmed/24879789
http://www.ncbi.nlm.nih.gov/pubmed/24879789
http://www.ncbi.nlm.nih.gov/pubmed/24879789
http://www.ncbi.nlm.nih.gov/pubmed/24879789
http://www.ncbi.nlm.nih.gov/pubmed/15851257
http://www.ncbi.nlm.nih.gov/pubmed/15851257
http://www.ncbi.nlm.nih.gov/pubmed/15851257
http://www.ncbi.nlm.nih.gov/pubmed/15851257
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2572020/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2572020/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2572020/
http://www.ncbi.nlm.nih.gov/pubmed/25408563
http://www.ncbi.nlm.nih.gov/pubmed/25408563
http://www.ncbi.nlm.nih.gov/pubmed/25408563
http://www.ncbi.nlm.nih.gov/pubmed/25767407
http://www.ncbi.nlm.nih.gov/pubmed/25767407
http://www.ncbi.nlm.nih.gov/pubmed/25767407
http://www.ncbi.nlm.nih.gov/pubmed/23816515
http://www.ncbi.nlm.nih.gov/pubmed/23816515
http://www.ncbi.nlm.nih.gov/pubmed/23816515
http://www.ncbi.nlm.nih.gov/pubmed/23051839
http://www.ncbi.nlm.nih.gov/pubmed/23051839
http://www.ncbi.nlm.nih.gov/pubmed/23051839
http://www.ncbi.nlm.nih.gov/pubmed/23051839


Willich and Goette. Int J Crit Care Emerg Med 2015, 1:2 • Page 8 of 8 •ISSN: 2474-3674

96.	Lü F, Eckman PM, Liao KK, Apostolidou I, John R, et al. (2013) Catheter 
ablation of hemodynamically unstable ventricular tachycardia with mechanical 
circulatory support. Int J Cardiol 168: 3859-3865.

97.	Reddy YM, Chinitz L, Mansour M, Bunch TJ, Mahapatra S, et al. (2014) 
Percutaneous left ventricular assist devices in ventricular tachycardia 
ablation: multicenter experience. Circ Arrhythm Electrophysiol 7: 244-250.

98.	Aryana A, Gearoid O’Neill P, Gregory D, Scotti D, Bailey S, et al. (2014) 
Procedural and clinical outcomes after catheter ablation of unstable 
ventricular tachycardia supported by a percutaneous left ventricular assist 
device. Heart Rhythm 11: 1122-1130.

99.	Zipes DP (1990) Influence of myocardial ischemia and infarction on autonomic 
innervation of heart. Circulation 82: 1095-1105.

100.	Han S, Kobayashi K, Joung B, Piccirillo G, Maruyama M, et al. (2012) 
Electroanatomic remodeling of the left stellate ganglion after myocardial 
infarction. J Am Coll Cardiol 59: 954-961.

101.	Ajijola OA, Yagishita D, Patel KJ, Vaseghi M, Zhou W, et al. (2013) Focal 
myocardial infarction induces global remodeling of cardiac sympathetic 
innervation: neural remodeling in a spatial context. Am J Physiol Heart Circ 
Physiol 305: 1031-1040.

102.	Vaseghi M, Yamakawa K, Sinha A, So EL, Zhou W, et al. (2013) Modulation 
of regional dispersion of repolarization and T-peak to T-end interval by the 
right and left stellate ganglia. Am J Physiol Heart Circ Physiol 305: 1020-
1030.

103.	Zipes DP, Festoff B, Schaal SF, Cox C, Sealy WC, et al. (1968) Treatment 
of ventricular arrhythmia by permanent atrial pacemaker and cardiac 
sympathectomy. Ann Intern Med 68: 591-597.

104.	Schwartz PJ, Snebold NG, Brown AM (1976) Effects of unilateral cardiac 
sympathetic denervation on the ventricular fibrillation threshold. Am J 
Cardiol 37: 1034-1040.

105.	Schwartz PJ, Motolese M, Pollavini G, Lotto A, Ruberti U, et al. (1992) 
Prevention of Sudden Cardiac Death After a First Myocardial Infarction 
by Pharmacologic or Surgical Antiadrenergic Interventions. J Cardiovasc 
Electrophysiol 3: 2-16.

106.	Schwartz PJ, Priori SG, Cerrone M, Spazzolini C, Odero A, et al. (2004) Left 
cardiac sympathetic denervation in the management of high-risk patients 
affected by the long-QT syndrome. Circulation 109: 1826-1833.

107.	Hayase J, Patel J, Narayan SM, Krummen DE (2013) Percutaneous stellate 
ganglion block suppressing VT and VF in a patient refractory to VT ablation. 
J Cardiovasc Electrophysiol 24: 926-928.

108.	 Boe BA, Webster G, Asher Y, Tsao S, Suresh S, et al. (2012) Percutaneous, 
ultrasound-guided stellate ganglion nerve block suppresses recurrent 
ventricular fibrillation in an infant awaiting heart transplant. Circ Arrhythm 
Electrophysiol 5: e93-e94.

109.	Narouze S (2014) Ultrasound-guided stellate ganglion block: safety and 
efficacy. Curr Pain Headache Rep 18: 424.

110.	Huang B, Yu L, Scherlag BJ, Wang S, He B, et al. (2014) Left renal nerves 
stimulation facilitates ischemia-induced ventricular arrhythmia by increasing 
nerve activity of left stellate ganglion. J Cardiovasc Electrophysiol 25: 1249-
1256.

111.	Linz D, Wirth K, Ukena C, Mahfoud F, Pöss J, et al. (2013) Renal denervation 
suppresses ventricular arrhythmias during acute ventricular ischemia in pigs. 
Heart Rhythm 10: 1525-1530.

112.	Huang B, Yu L, He B, Lu Z, Wang S, et al. (2014) Renal sympathetic 
denervation modulates ventricular electrophysiology and has a protective effect 
on ischaemia-induced ventricular arrhythmia. Exp Physiol 99: 1467-1477.

113.	Lubanda JC, Kudlicka J, Mlcek M, Chochola M, Neuzil P, et al. (2015) Renal 
denervation decreases effective refractory period but not inducibility of 
ventricular fibrillation in a healthy porcine biomodel: a case control study. J 
Transl Med 13: 4.

114.	Ukena C, Bauer A, Mahfoud F, Schreieck J, Neuberger HR, et al. (2012) 
Renal sympathetic denervation for treatment of electrical storm: first-in-man 
experience. Clin Res Cardiol 101: 63-67.

115.	Hoffmann BA, Steven D, Willems S, Sydow K (2013) Renal sympathetic 
denervation as an adjunct to catheter ablation for the treatment of ventricular 
electrical storm in the setting of acute myocardial infarction. J Cardiovasc 
Electrophysiol 24: 1175-1178.

116.	Tsioufis C, Papademetriou V, Tsiachris D, Dimitriadis K, Kasiakogias A, et 
al. (2014) Drug-resistant hypertensive patients responding to multielectrode 
renal denervation exhibit improved heart rate dynamics and reduced 
arrhythmia burden. J Hum Hypertens 28: 587-593.

117.	Remo BF, Preminger M2, Bradfield J3, Mittal S2, Boyle N3, et al. (2014) Safety 
and efficacy of renal denervation as a novel treatment of ventricular tachycardia 
storm in patients with cardiomyopathy. Heart Rhythm 11: 541-546.

118.	Armaganijan LV, Staico R, Moreira DA, Lopes RD, Medeiros PT, et al. (2015) 
6-Month Outcomes in Patients With Implantable Cardioverter-Defibrillators 
Undergoing Renal Sympathetic Denervation for the Treatment of Refractory 
Ventricular Arrhythmias. JACC Cardiovasc Interv 8: 984-990.

119.	Staico R, Armaganijan L, Moreira D, Medeiros P, Melo J, et al. (2014) Renal 
sympathetic denervation and ventricular arrhythmias: a case of electrical 
storm with multiple renal arteries. Euro Intervention 10: 166.

http://www.ncbi.nlm.nih.gov/pubmed/23863501
http://www.ncbi.nlm.nih.gov/pubmed/23863501
http://www.ncbi.nlm.nih.gov/pubmed/23863501
http://www.ncbi.nlm.nih.gov/pubmed/24532564
http://www.ncbi.nlm.nih.gov/pubmed/24532564
http://www.ncbi.nlm.nih.gov/pubmed/24532564
http://www.ncbi.nlm.nih.gov/pubmed/24732372
http://www.ncbi.nlm.nih.gov/pubmed/24732372
http://www.ncbi.nlm.nih.gov/pubmed/24732372
http://www.ncbi.nlm.nih.gov/pubmed/24732372
http://www.ncbi.nlm.nih.gov/pubmed/2205413
http://www.ncbi.nlm.nih.gov/pubmed/2205413
http://www.ncbi.nlm.nih.gov/pubmed/22381432
http://www.ncbi.nlm.nih.gov/pubmed/22381432
http://www.ncbi.nlm.nih.gov/pubmed/22381432
http://www.ncbi.nlm.nih.gov/pubmed/23893167
http://www.ncbi.nlm.nih.gov/pubmed/23893167
http://www.ncbi.nlm.nih.gov/pubmed/23893167
http://www.ncbi.nlm.nih.gov/pubmed/23893167
http://www.ncbi.nlm.nih.gov/pubmed/23893168
http://www.ncbi.nlm.nih.gov/pubmed/23893168
http://www.ncbi.nlm.nih.gov/pubmed/23893168
http://www.ncbi.nlm.nih.gov/pubmed/23893168
http://www.ncbi.nlm.nih.gov/pubmed/5643681
http://www.ncbi.nlm.nih.gov/pubmed/5643681
http://www.ncbi.nlm.nih.gov/pubmed/5643681
http://www.ncbi.nlm.nih.gov/pubmed/1274864
http://www.ncbi.nlm.nih.gov/pubmed/1274864
http://www.ncbi.nlm.nih.gov/pubmed/1274864
http://onlinelibrary.wiley.com/doi/10.1111/j.1540-8167.1992.tb01090.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1540-8167.1992.tb01090.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1540-8167.1992.tb01090.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1540-8167.1992.tb01090.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/15051644
http://www.ncbi.nlm.nih.gov/pubmed/15051644
http://www.ncbi.nlm.nih.gov/pubmed/15051644
http://www.ncbi.nlm.nih.gov/pubmed/23574305
http://www.ncbi.nlm.nih.gov/pubmed/23574305
http://www.ncbi.nlm.nih.gov/pubmed/23574305
http://www.ncbi.nlm.nih.gov/pubmed/23074329
http://www.ncbi.nlm.nih.gov/pubmed/23074329
http://www.ncbi.nlm.nih.gov/pubmed/23074329
http://www.ncbi.nlm.nih.gov/pubmed/23074329
http://www.ncbi.nlm.nih.gov/pubmed/24760493
http://www.ncbi.nlm.nih.gov/pubmed/24760493
http://www.ncbi.nlm.nih.gov/pubmed/25066536
http://www.ncbi.nlm.nih.gov/pubmed/25066536
http://www.ncbi.nlm.nih.gov/pubmed/25066536
http://www.ncbi.nlm.nih.gov/pubmed/25066536
http://www.ncbi.nlm.nih.gov/pubmed/23851058
http://www.ncbi.nlm.nih.gov/pubmed/23851058
http://www.ncbi.nlm.nih.gov/pubmed/23851058
http://www.ncbi.nlm.nih.gov/pubmed/25172887
http://www.ncbi.nlm.nih.gov/pubmed/25172887
http://www.ncbi.nlm.nih.gov/pubmed/25172887
http://www.translational-medicine.com/content/13/1/4
http://www.translational-medicine.com/content/13/1/4
http://www.translational-medicine.com/content/13/1/4
http://www.translational-medicine.com/content/13/1/4
http://www.ncbi.nlm.nih.gov/pubmed/21960416
http://www.ncbi.nlm.nih.gov/pubmed/21960416
http://www.ncbi.nlm.nih.gov/pubmed/21960416
http://www.ncbi.nlm.nih.gov/pubmed/23889693
http://www.ncbi.nlm.nih.gov/pubmed/23889693
http://www.ncbi.nlm.nih.gov/pubmed/23889693
http://www.ncbi.nlm.nih.gov/pubmed/23889693
http://www.ncbi.nlm.nih.gov/pubmed/24621623
http://www.ncbi.nlm.nih.gov/pubmed/24621623
http://www.ncbi.nlm.nih.gov/pubmed/24621623
http://www.ncbi.nlm.nih.gov/pubmed/24621623
http://www.ncbi.nlm.nih.gov/pubmed/24389229
http://www.ncbi.nlm.nih.gov/pubmed/24389229
http://www.ncbi.nlm.nih.gov/pubmed/24389229
http://www.ncbi.nlm.nih.gov/pubmed/26088516
http://www.ncbi.nlm.nih.gov/pubmed/26088516
http://www.ncbi.nlm.nih.gov/pubmed/26088516
http://www.ncbi.nlm.nih.gov/pubmed/26088516
http://www.ncbi.nlm.nih.gov/pubmed/24213437
http://www.ncbi.nlm.nih.gov/pubmed/24213437
http://www.ncbi.nlm.nih.gov/pubmed/24213437

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Specific treatment of sustained or recurrent VA in patients with ACS 
	Primary treatment 
	Drug treatment 

	ICD-Therapy 
	VA Ablation 
	Left ventricular assist device as bridging therapy 
	Neuroaxial modulation 

	Conclusion
	References

