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symptoms and outcomes and need urgent correction, especially in patients admitted for refrac-
tory heart failure. Electrical storm is a frequent reason for referral to an intensive care unit.
Specific, efficient and rapid management of patients presenting with various arrhythmias is
therefore mandatory and procedures should be known by any physician involved in an intensive

care unit. This article reviews the current knowledge on the management of supraventricular
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and ventricular arrhythmias in this setting, from medications and sedation to ablation and more
exceptional therapy. It also covers the occasional indications of resynchronization in refractory
heart failure and the interest for haemodynamic assistance when specific therapy fails.

© 2019 Elsevier Masson SAS. All rights reserved.

Résumé Les arythmies cardiaques survenant chez les patients en Unité de Soins Intensifs
aggravent les symptomes et le pronostic et nécessitent une correction urgente. L’orage ryth-
mique est un motif fréquent d’admission aux Soins Intensifs. Une prise en charge rapide, efficace
et spécifique de ces patients présentant des arythmies variées est donc indispensable et doit
étre connue de tout médecin impliqué dans les Unités de Soins Intensifs. Cet article résume
les connaissances actuelles dans la prise en charge des arythmies supraventriculaires et ven-
triculaires qui peuvent nécessiter un traitement par antiarythmique, sédation et/ou ablation,
ainsi que les indications occasionnelles de resynchronisation pour les patients en insuffisance
cardiaque réfractaire et 'intérét des assistances hémodynamiques quand ces thérapies sont

insuffisantes.

© 2019 Elsevier Masson SAS. Tous droits réservés.

Background

The interactions between arrhythmias and chronic heart
failure have been well established. In contrast, the mecha-
nisms and management of sustained arrhythmia for patients
with cardiogenic shock in intensive cardiac care units are
less clear. The treatment of these arrhythmias in the setting
of severe acute heart failure is often urgent, with the aim
to limit rapid heart rates that may exacerbate heart fail-
ure. This manuscript addresses some issues related to the
acute management of sustained atrial or ventricular arrhyth-
mias and the need for resynchronization therapy for patients
hospitalized in intensive care units, with a more specific
emphasis on therapeutic options for patients with electrical
storm.

Atrial fibrillation, atrial flutter and other
supraventricular tachycardias

Atrial fibrillation (AF) is the most common arrhythmia
that can occur in patients with heart disease in general
and, specifically, in the intensive care unit [1]. It may
precipitate heart failure by worsening left ventricular fill-
ing and lowering left ventricular ejection fraction (LVEF).
The risk of thromboembolism should be managed, in all
cases, according to the most recent guidelines [2] before
cardioversion and according to CHA;DS,-VASc (Cardiac fail-
ure, Hypertension, Age>75 [Doubled], Diabetes, Stroke
[Doubled]—Vascular disease, Age 65—74 and Sex category
[Female]) score evaluation for long-term anticoagulation.
However, in patients with acute cardiogenic shock, car-
dioversion may be used urgently, without performing a
transoesophageal echocardiogram to rule out the presence
of left atrial thrombus, if urgent transoesophageal echocar-
diography is unavailable or felt to carry some risk in very sick

or unstable patients. Furthermore, unless the patient has a
typical presentation, it can be difficult to confirm whether
AF is the cause (tachycardiomyopathy in a patient with no
history of heart failure or any underlying heart disease) or
the consequence of an underlying cardiomyopathy. Patients
with tachycardiomyopathy may have a much better progno-
sis once converted into sinus rhythm [3,4]. In this setting,
a precise history of the arrhythmia and timing of events is
needed in order to decide on the best treatment.

Current guidelines [2] classify AF into paroxysmal,
persistent, long-lasting persistent or permanent AF. This
classification may help to make a decision regarding AF abla-
tion according to the likely success of the procedure. For
paroxysmal and persistent AF, the success rate is generally
high or acceptable, but success is less likely in patients with
long-lasting persistent or permanent AF, so other treatment
strategies may be chosen. Ablation is best performed when
the haemodynamic status of the patient has been stabilized.
Therefore, three situations should be distinguished:
¢ is AF recently occurring in a patient with established heart

disease?

e is AF causing tachycardiomyopathy?
e is it a permanent AF leading to heart failure by the per-
sistence of an accelerated/irregular ventricular rhythm?

In any situation, the management strategy will first
depend of the identification of underlying causes (thyro-
toxicosis, electrolyte disorders, uncontrolled hypertension,
valvular disease) or precipitating factors that may be
corrected (pulmonary infection, post-surgery, myocardial
ischaemia or alcohol).

For new or recent-onset AF, treatment should be to termi-
nate AF and prevent future recurrences using antiarrhythmic
drugs, followed by AF ablation if needed. Urgent electrical
cardioversion is recommended if AF is thought to be con-
tributing to a worsening of haemodynamic status in order to
improve the clinical condition (Class | A) [2]. Concomitantly,
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an intravenous bolus of amiodarone (see below) may be
recommended in preparation for direct current cardiover-
sion to improve the success rate. However, it should be
remembered that, in patients with severe haemodynamic
conditions, amiodarone could be deleterious due to its addi-
tional calcium channel blocking properties, beta-blocker
and class 1 effects and/or the vasodilator effect of the
solvent. Oral loading may be preferred in these cases,
according to the degree of urgency. Anterior—posterior elec-
trode placement and biphasic waveforms provide almost
complete acute success of electrical cardioversion. AF
recurrences are, however, frequent [5]. Immediate and early
recurrences of AF should be distinguished from cardiover-
sion failure [6]. These phenomena have been suggested to be
related to repetitive ectopic atrial activity or changes in cel-
lular electrophysiology. Using intravenous amiodarone, if not
contraindicated, may help to maintain sinus rhythm. Thyro-
toxicosis and hypokalaemia should be investigated when AF
recurs within minutes or seconds. In case of tachycardiomy-
opathy, early recurrence of AF despite anti-arrhythmic drugs
(mainly amiodarone) may lead to an indication for urgent
pulmonary vein isolation with or without additional ablation
targets in selected cases, with the possibility of curing the
patient in the longer term.

For permanent AF with a high ventricular rate, the ventri-
cular rate may be controllable with specific pharmacological
therapy. Intravenous amiodarone (150 mg over 10 minutes,
then 1 mg/minute for 6hours followed by 0.5mg/minute
for 18 hours) and digoxin (0.25mg intravenous bolus and
0.75—1.5mg over 24 hours) may be used in this critical situ-
ation to control ventricular ventricular rate. Beta-blockers
may be used once the haemodynamic status of the patient
has stabilized or when heart failure is mainly driven by
diastolic dysfunction. Calcium channel blockers should defi-
nitely be avoided in patients with low LVEF. Atrioventricular
junction ablation [7] and cardiac resynchronization ther-
apy (CRT) implantation (when LVEF is reduced) are only
used after pharmacological treatment has failed or is
contraindicated. Due to the critical situation, a CRT implan-
tation should only be performed, if possible, once the
haemodynamic status has stabilized. Atrioventricular junc-
tion ablation should be performed very soon after CRT
implantation in these cases. In the absence of distal conduc-
tion disturbances, His bundle pacing is another option.
While the optimal resting heart rate has been suggested
to be around 110bpm in patients with permanent AF in
the absence of heart failure, a lower rate is probably bet-
ter in patients with heart failure, in whom a heart rate of
70—100bpm may be targeted. In acute heart failure, the
optimal rate will depend on the haemodynamic response of
the patient.

Atrial flutter should be managed as AF in case of car-
diogenic chock: anticoagulation and cardioversion/ablation
when the ventricular rhythm is not controlled. Ablation of
cavotricuspid isthmus is much easier than AF ablation and
is feasible even when a patient is in a relatively unstable
haemodynamic condition.

Other supraventricular tachycardias can also occur [8],
such as sinus node reentry or atrial tachycardia and,
more rarely, junctional ectopic tachycardia or incessant
atrioventricular node reentrant tachycardia (AVNRT), inces-
sant atrioventricular reciprocating tachycardia (AVRT) or

permanent junctional reciprocating tachycardia. These
arrhythmias are not always previously known about. Atrial
tachycardia is more frequent in patients with comorbidi-
ties such as chronic obstructive pulmonary disease, coronary
artery disease or chronic heart failure, and may be induced
by an acute infection, particularly in elderly patients [9].
Vagal manoeuvres may help to differentiate AYNRT and AVRT
from atrial tachycardia by stopping AVNRT and AVRT. Adeno-
sine may sometimes be needed and can be proposed even in
patients with severe heart failure due to its short half-life.
Amiodarone may be necessary in patients with cardiogenic
shock, as well as digoxin (provided risk of rapid preexcitated
tachycardia is excluded), as other antiarrhythmic agents are
contraindicated [10], with the exception of flecainide in
case of rapid AF in patients with Wolff-Parkinson-White syn-
drome. Ablation should be considered quickly as an option
when tachycardia is resistant to pharmacological treatment.

Electrical storm
Definition and epidemiology

Electrical storm is currently defined by: three or more
distinct episodes of sustained ventricular tachycardia (VT)
or ventricular fibrillation (VF) over 24hours; incessant
VT for>12hours per day; or three or more appropri-
ate implantable cardioverter-defibrillator (ICD) therapies
in 24hours (separated by 5minutes from each other) in
patients with an ICD [11]. Electrical storm happens in
10—20% of patients implanted for secondary prevention and
in around 5% of those implanted for primary prevention
[12—15] during a follow-up of a few years. Therefore, the
prevalence in the longer term is probably higher, making
electrical storm a daily clinical situation.

The prognosis of electrical storm has repeatedly been
found to be poor, mainly caused by a high short-term mor-
tality (10—20% at 48 hours) (especially when no therapeutic
solution can be found), reaching 20—35% at longer-term
follow-up [13,14,16,17]. Even though no difference in prog-
nosis has sometimes been reported compared to controls
[12,14], electrical storm is considered as an independent
risk factor by some other authors [13]. Electrical storm was
a strong mortality risk factor with a risk ratio>3 and was
associated with an increased combined risk of death, heart
transplantation and hospitalization for heart failure in a
meta-analysis [18]. This is probably due to both the spe-
cific population (end-stage heart disease) and the repetitive
ICD shocks, which are highly suspected to increase mortality
[19,20].

Populations prone to electrical storm are mainly rep-
resented by elderly men with ischaemic cardiomyopathy
and low LVEF [12—14,21,22]. Recurring monomorphic VT
is the most common arrhythmia [21]. Chronic renal fail-
ure, ischaemic heart disease, lack of beta-blocker use
and wide QRS complexes have also been associated with
electrical storm [23—25]. Many factors that can act as
triggers have been described, such as acute ischaemia,
electrolyte imbalance, congestive heart failure, sepsis or
fever, thyrotoxicosis, proarrhythmic drug effects, digitalis
use and recent surgery, and these should be eliminated when
possible [11]. Unfortunately, precipitating factors remain
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unidentified in 30% of cases [14] and are reversible in < 10%
of cases [11].

Management of electrical storm

Acute management of electrical storm includes several
therapies or actions that should be immediately and con-
comitantly administrated. Search for a treatable trigger,
sedation, standard reanimation and intravenous or oral
antiarrhythmic drugs (according to the emergency level)
are the first-step therapies. Management of electrical storm
should be tailored to the patient’s characteristics and con-
ditions and the clinical setting (Table 1).

Preadmission management

Trigger elimination using anti-ischaemic medications and,
eventually, thrombolysis, potassium and magnesium infusion
or isoproterenol infusion should be done according to the
clinical setting. Coronary artery revascularization is essen-
tial in the setting of acute ischaemia or acute coronary
syndrome, especially for polymorphic VT or VF. Other pread-
mission treatments include:
e haemodynamic management (vasopressive amines), seda-
tion (see below).
e antiarrhythmic drugs (beta-blocker, amiodarone, lido-
caine) or isoproterenol for special conditions (see below).
e stopping ICD therapy by putting a magnet on the device
can (only once the patient is carefully monitored by
appropriate medical or paramedic staff) and using exter-
nal direct current shocks when strictly needed.

Hospitalization in intensive care units

e A 12-lead electrocardiogram should be repeated in order
to document and characterize premature ventricular con-
tractions (PVCs) or VT.

e Elimination of the trigger when possible.

Table 1 Management of VT/VF storm (adapted from
Pedersen et al. [62]).

Admission to the intensive care unit

ICD reprogramming

Management of underlying causes or precipitating
factors (ischaemia, electrolyte disturbances,
proarrhythmic drugs)

Beta-blockade

Antiarrhythmic therapy (amiodarone as first-line
therapy)

Sedation, intubation/deep sedation

Catheter ablation favouring substrate ablation
Consider risk/benefit ratio of mechanical
haemodynamic support

Consider neuraxial modulation (thoracic epidural
anaesthesia, cardiac sympathetic denervation) and,
finally, heart transplantation when previous steps are
unsuccessful

ICD: implantable cardioverter-defibrillator; VF: ventricular
fibrillation; VT: ventricular tachycardia.

e |CD interrogation (for ruling out inappropriate ther-
apy), reprogramming for avoiding ICD shocks (which may
deplete the battery) and avoiding/delaying unnecessary
interventions or deprogramming left ventricular pacing
(which may induce recurring VT in some cases).

e Using ICD for allowing higher rates of pacing (which may
have a preventive action).

¢ In patients without an ICD or pacemaker, transient rapid
pacing using a percutaneous electrode catheter may allow
painless repetitive terminations of VT and prevention of
recurrences in some cases.

Many of the above-mentioned techniques are used to
interrupt the vicious circle of increased adrenergic tone
caused by ICD shocks, which may reinduce arrhythmias. In
this context, sedation is an essential step during electri-
cal storm. It allows disruption of increasing adrenergic tone
(due to stress and pain caused by repetitive ICD shocks) and
thus has an efficient preventive role for recurring arrhyth-
mias. Anxiolytic drugs (benzodiazepines such as midazolam)
or remifentanyl are usually considered [11]. Propofol is used
when deeper sedation is sought [11]. Dexmedetomidine,
which possesses additional alpha 2 agonist properties, can
also be used in this setting [11]. General anaesthesia and
assisted ventilation should be rapidly proposed in case of
recurrent arrhythmias despite sedation [11].

Antiarrhythmic drugs

Antiarrhythmic drug therapy is the cornerstone and first-line
specific therapy in electrical storm and should be pro-
posed for every patient with electrical storm or recurring
malignant ventricular arrhythmias. The choice of the drug
depends on the clinical setting, type of cardiomyopathy and
type of arrhythmia. Simultaneous prescription of different
drugs should be carefully considered in case of severe car-
diomyopathy, where sedation/general anaesthesia may be a
preferred first option (Table 2). Currently, three main drugs
are used in most situations (beta-blockers, amiodarone and
lidocaine).

Beta-blockers are the cornerstone of antiarrhythmic
agents in electrical storm, decreasing the harmful conse-
quences of exaggerated adrenergic tone that is present in
electrical storm. Oral or intravenous beta-blockers should
urgently be prescribed according to the emergency level
and state of consciousness. Intravenous infusions of pro-
pranolol (0.15mg/kg over 10 minutes), metoprolol (2—5mg
every 5minutes up to three doses in 15 minutes) or esmolol
(300—500 mg/kg over 1 minute) may be used [11]. The only
contraindications are severe asthma, relevant bradycardia
without pacing capabilities and cardiogenic shock in patients
with altered ventricular systolic function.

Amiodarone has been shown to decrease recurrences of
arrhythmias from 53 to 12% in electrical storm in retrospec-
tive studies [14]. This is the only class 3 antiarrhythmic
drug that has been shown to cause a significant decrease
in VT recurrence rates in ICD-implanted patients in meta-
analyses, although it does not have a significant effect on
long-term mortality [26]. In acute myocardial infarction
complicated by out-of-hospital cardiac arrest due to VT
or VF, amiodarone decreases mortality at admission com-
pared to placebo and is more efficient that lidocaine [27].
An intravenous infusion of amiodarone may be preferred in
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Table 2 Haemodynamic effects of antiarrhythmic drugs in heart failure (adapted from Santangeli et al. [47]).
Haemodynamic effects of antiarrhythmic drugs
Vaughan Williams Class Arterial PCWP Cardiac Systemic Predominant effect
Drug blood output vascular

pressure resistance
Vasodilatation Myocardial
depression
Class IA +
Quinidine A =~ 2
Disopyramide® & Ve N = ++
Class IB
Lidocaine = = = =
Mexiletine 2 2 pY 2 +
Class IC
=/\ 2 N = ++
Flecaine/propafenone®
Class IlI
Amiodarone =/\ 2 =/\ =/\ + =/+
Sotalol N 2 N = =/+ +
Dronedarone?® N\ Vs N\ N\ ++

PCWP: pulmonary capillary wedge pressure.
2 Contraindicated in heart failure patients.

acute and urgent situations (150 mg over 10 minutes, then
1 mg/minute for 6 hours, then 0.5 mg/minute for 18 hours;
maximum 2g over 24 hours), followed by oral administra-
tion as soon as possible (800—1200 mg/day in divided doses
until a total of 10g has been given; then 200—400 mg/day)
[11,28].

Class 1 drugs, especially intravenous lidocaine (1 mg/kg
then 30mg/kg over 24hours) and oral mexiletine
(200—400mg three times a day, taking into consider-
ation some specific restrictions in France) [11] may be
efficient, especially in the setting of myocardial ischaemia,
because sodium channel blockade is increased by tissular
acidosis/hyperkalaemia. They may be used after failure of
beta-blockers and amiodarone. Caution should, however,
be observed for patients with very altered EF. The use
of other class 1 drugs is more exceptional due to their
negative inotropic and proarrhythmic properties, but may
be proposed in healthy hearts or structural heart diseases
with preserved EF. In a meta-analysis, lidocaine was found
to decrease mortality at admission after out-of-hospital
cardiac arrest [29]. Very recently, quinidine has also been
demonstrated to be effective for recurring polymorphic
VT in the setting of acute myocardial infarction or after
coronary revascularization procedures [30].

Magnesium infusion has no role in electrical storm,
except for long QT-related arrhythmias or in case of potas-
sium/magnesium depletion [29].

Finally, in very special situations (Brugada syndrome,
malignant early repolarization, idiopathic VF or short QT
syndrome), isoproterenol infusion (0.1 to 1—3 pg/minute to
achieve sufficient heart rate increase) and oral hydroquini-
dine (300—600mg, 2—3 times a day, with plasma dosing
monitoring) may be the only effective therapies [31—35].
Beta-blockers, magnesium infusion and fast pacing should

be used in case of electrical storm occurring in congenital
long QT, while recurring torsades de pointes in acquired long
QT may be treated according to the triggering event (iso-
proterenol then fast pacing in bradycardia-induced long QT,
potassium and magnesium in drug-induced long QT) [35].

In selected cases, patients with unstable VT or repeti-
tive VF may also benefit from mechanical haemodynamic
support, such as extracorporeal membrane oxygenation,
catheter-based microaxial flow pump (e.g. Impella™) or
intra-aortic balloon pump [11]. Haemodynamic support
can reduce the arrhythmic burden by increasing coronary
perfusion and reducing afterload, myocardial wall stress
and myocardial oxygen demand. This also prevents mul-
tiple organ failure [11]. However, because of inherent
complications, except for refractory cases not allowing any
delay, mechanical support should be better proposed after
failure of ablation, if possible. Alternatively, ablation in
very high-risk patients may be performed with mechanical
support (see the Haemodynamic support and VT ablation
section).

Finally, more exceptional therapy may be proposed in
refractory cases, such as neuraxial sympathetic modulation
[11] (thoracic epidural anaesthesia or left or bilateral car-
diac sympathetic denervation by surgical or thoracoscopy
access), renal denervation or even heart transplantation,
although this should remain exceptional for arrhythmic
grounds only and proposed only after failure of every other
therapy (Table 1).

Radiofrequency ablation
Indications

Even if a mortality benefit has never been demonstrated
in randomized controlled trials, catheter ablation has
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repeatedly shown its superiority to medical therapy in
reducing arrhythmic burden [26,36]. Moreover, freedom
from recurrent VT after ablation has been associated with
improved survival [37—39]. For these reasons, catheter abla-
tion should not be considered a last resort therapy, but a
valuable option in patients presenting with electrical storm
related to structural heart disease in the absence of a
reversible cause. Radiofrequency catheter ablation is effec-
tive, not only in the acute management of electrical storm,
leading to a control of ventricular arrhythmias in up to
80—90% of patients, but also over longer-term follow-up,
improving VT- and electrical storm-free survival [22]. How-
ever, performing VT ablation at an earlier stage (after a first
episode of sustained VT) may be more beneficial and is a
class lla indication in patients with ischaemic cardiomyopa-
thy to reduce VT recurrence and electrical storm [40].

In the recent VANISH trial, a trend towards a 34% relative
risk reduction of electrical storm recurrences was observed
in patients treated by ablation compared to escalation of
antiarrhythmic drugs [36]. In a pooled meta-analysis, which
included 471 patients with electrical storm treated inva-
sively by different ablation strategies, acute elimination of
all inducible ventricular arrhythmias was reached in 72%
of cases [21]. The clinical arrhythmia was effectively sup-
pressed in 91% of patients, with a complication rate of 2%
and a procedure-related death rate<1%. After a median
follow-up of 1.2 years, 94% of patients were free from elec-
trical storm and 72% were free from any VT. Overall mortality
was 17% at 1.2-year follow-up, with most of the deaths
related to progressive heart failure (62%) [21].

Electrical storm is the reason for VT ablation in 20—35%
of cases [22,39,41]. The latest guidelines from the European

STavF =21 mm
STV 22 ___mm

ARY Fv ST “18 mm
FC FV ESV/min 15 batt/m

FP 88  bat/m PNID 65 mmHg
2 100 % PNIS 182 mmH PNIM

95 mmHg

ARY FV ST -03 mm
ESV/min_ 1 batt/m

STavF  -06 mm
STV 07 _mm

{jLuos.ni

iR JOB. 16:0? R

(] [l 0 e
MW~,A.-.=MJMMW

Figure 1. Example of a 42-year-old patient without structural heart disease who suffered 20 shocks within 24 hours. The two upper panels
show initiation of VF triggered by a monomorphic PVC. The lower panel shows a 12-lead electrocardiogram identifying the initiating PVC
as coming from the right Purkinje network, which is an important piece of information in case of ablation. PVC: premature ventricular
contractions.



Arrhythmias and cardiogenic shock in intensive cardiac care units 787

Society of Cardiology [40] mention a class 1 indication
with a level of evidence B in the absence of transient
reversible cause for urgent catheter ablation in patients
with scar-related heart disease presenting with incessant
VT or electrical storm to stop electrical storm, reduce VT
recurrence and improve outcomes. Concerning polymorphic
VT/VF in coronary artery disease, radiofrequency catheter
ablation at a specialized ablation centre followed by the
implantation of an ICD should be considered in patients with
recurrent VT, VF or electrical storm despite complete revas-
cularization and optimal medical treatment (Class lla, level
of evidence C). In patients with polymorphic VT/VF with-
out structural heart disease, catheter ablation for long-term
suppression/prevention of an electrical storm or recurrent
ICD discharges should be considered. Most of the time, it
will target the initiating PVCs (Class 1 indication, level of
evidence B), which often come from the Purkinje system.
Continuous 12-lead electrocardiograms should therefore be
recorded to identify PVC origin (Fig. 1). Cardiac imaging
may also help to identify and locate a specific substrate for
the arrhythmia (Fig. 2). In the setting of Brugada syndrome,
substrate ablation targeting the epicardial right ventricular
outflow tract/right ventricle free wall is the main target.
Plymorphic VT/VF ablation should be optimally performed
in experienced centres.

Figure 2. Computed tomography scan of a patient with electri-
cal storm in the setting of an old large anterior myocardial infarct
analysed using the music software (Inheart®). Colours from red to
yellow represent the scar through the different thickness of the
myocardium (red being 1 mm and yellow 4mm). The heterogene-
ity of thickness is the anatomical substrate for potential isthmii,
this shows the complexity of the scar, may explain electrical storm
and offers a potential target for ablation. These images can be
integrated into three-dimensional mapping systems.

Techniques

Patients in the electrophysiology laboratory need to be in a
relatively stable condition (as stable as possible). Ablation
will require the patient to lay flat for 2—4hours with-
out moving. If the patient keeps having shocks or cannot
lay flat, sedation and/or haemodynamic support before
ablation should be discussed. The PAINESD score has been
shown to predict acute haemodynamic decompensation dur-
ing VT ablation procedures (Table 3) [42]. In our experience,
mechanical haemodynamic support is rarely needed for
catheter ablation even in the context of electrical storm,
especially when performing substrate ablation and not VT
activation mapping. In practice, mechanical haemodynamic
support should be anticipated in case of cardiogenic shock
and frequent recurrent ICD shocks just prior to ablation.

Left ventricular thrombus needs to be ruled out
before starting ablation, as thrombus may be found in
4-5% of patients referred for VT ablation, particularly
in case of ventricular aneurysm/low ejection fraction. In
case of AF and/or transseptal access, checking for left
atrial appendage thrombus is appropriate. Transthoracic
echocardiography with or without contrast is the minimal
examination for left ventricular thrombus evaluation and,
if needed, transoesophageal echocardiography can rule out
left atrial appendage thrombus. If feasible, contrast car-
diac computed tomography may eliminate all intracardiac
thrombi. In the presence of intraventricular thrombus and
recurrent electrical storm, epicardial access may be dis-
cussed [43]. In case of left atrial appendage thrombus,
the procedure should be postponed. In case of untractable
storm, a retrograde aortic approach without induction and
a strategy based solely on substrate ablation should be
favoured.

Three-dimensional mapping systems are almost system-
atically used for VT ablation. Although there is some debate
concerning the best strategy for VT ablation, there is
increasing evidence favouring substrate ablation versus clin-
ical VT ablation alone [44]. In the setting of electrical storm,

Table 3  PAINESD risk score [42]: proposed scoring sys-
tem to identify patients at high risk of haemodynamic
decompensation undergoing catheter ablation that
may benefit from prophylactic mechanical circulatory
support.

Variable Score
(maximum =31)

Pulmonary disease 5 Low risk: <8
(chronic obstructive)

Age > 60 years 3

Ischaemic 6 Intermediate
cardiomyopathy risk: 9—14

NYHA class Ill or IV 6

Left ventricular 3 High risk: > 15
Ejection
fraction <25%

Electrical Storm 5

Diabetes mellitus 3

NYHA: New York Heart Association.
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data are lacking. On one hand, all effort should be made to
eliminate the clinical VT responsible for the storm, but on
the other hand, performing the procedure in sinus rhythm
makes it safer with less risk of haemodynamic impair-
ment. Typically, a substrate map is performed in sinus/paced
rhythm. During map acquisition, pacemapping can be per-
formed to identify VT exit. de Chillou et al. [45] proposed a
pacemap to identify the VT isthmus. Then, ablation is per-
formed starting in the scar area of VT exit and extended
to the entire substrate if the patient is stable enough. In
case of incessant slow VT, the procedure starts with activa-
tion mapping and VT ablation. Although there are no robust
data, utilization of a catheter with limited irrigation may
be better in patients with low ejection fraction with less
fluid infusion. Non-inducibility of clinical VT is the minimal
endpoint, otherwise the outcome is extremely poor [22].
However, the procedure should optimally aim at substrate
elimination, if the patient is stable enough.

A specific entity concerns patients presenting with elec-
trical storm a few days after poorly/late/non-revascularized
myocardial infarction. They may present with recurrent
polymorphic VT/VF initiated by PVC induced by surviving
Purkinje fibres within the scar. There is sometimes pause-
dependent initiation and, therefore, pacing at a fast and
stable rate (90—100bpm) may prevent VT initiation. How-
ever, if polymorphic VTs continue, ablation of the surviving
Purkinje fibres in the scar may effectively stop the storm
[40,46].

Haemodynamic support and VT ablation

Since VT and heart failure are linked, one should be
mindful of both electrophysiological and haemodynamic sta-
tus before VT ablation when managing electrical storm
[47]. Acute haemodynamic decompensation occurred in
11% of patients during VT ablation in a single-centre
study of 193 patients treated for drug-refractory scar-
related VT [42]. Acute haemodynamic decompensation
was defined as sustained hypotension (systolic blood pres-
sure < 80—90 mmHg) despite increasing doses of vasopressors
and requiring mechanical haemodynamic support and/or
procedure discontinuation. When acute haemodynamic
decompensation occurred during catheter ablation, the risk
of death was six-fold higher than in patients without acute
haemodynamic decompensation.

In a multicentre study of VT ablation and heart failure,
mechanical haemodynamic support was needed in 7% of
patient with New York Heart Association (NYHA) class 11—l
and in 22% of those with NYHA class IV [48]. While the level
of evidence for intra-aortic balloon pumps in this setting
seems marginal, several other mechanical haemodynamic
support systems have been evaluated for VT ablation. These
include: extra-corporeal life support (including extracorpo-
real membrane oxygenation), the Impella™ percutaneous
ventricular assist device (Abiomed, Danvers, Massachusetts)
and the TandemHeart™ device (CardiacAssist, Pittsburgh,
Pennsylvania). There is no direct comparison between these
devices in the clinical setting, but extracorporeal life
support demonstrated a better haemodynamic effect on
mean arterial pressure during fast VT (300bpm) and VF
over the Impella™ and TandemHeart™ devices in a swine
model. [49]. Impella™ can be relatively easily inserted and

managed by an electrophysiologist, but it is only able to
deliver 2.5L/minute output with Impella 2.5. If a higher
flow rate is needed, use of extracorporeal life support,
TandemHeart™ or Impella CP/5™ must be chosen, but
this requires surgical insertion. Of note, Impella™ can-
not be used together with retrograde aortic access for
ablation, while transseptal access is not possible using
TandemHeart™.

No randomized study has specifically evaluated the ben-
efit of mechanical haemodynamic support in VT ablation.
Using the PAINESD score (Table 3 [42]) to stratify the risk
of acute haemodynamic decompensation, Santangeli et al.
suggested that extracorporeal life support may be implanted
prior to ablation for patients with a score > 15 [42]. However,
activation/entrainment mapping was used in this study, and
this strategy may enhance acute haemodynamic decom-
pensation. In this high-risk population, ablation substrate
modification in sinus rhythm should be preferred, obviating
the need for VT induction and mapping, and survival free
from VT being better compared to conventional entrain-
ment/activation mapping [44].

When electrical storm is triggered by recurrent VF
or poorly tolerated VT, and when drugs and sedation
have failed, extracorporeal life support may be a prudent
option. However, mechanical haemodynamic support car-
ries an additional risk and significant morbidity. Mechanical
haemodynamic support implantation as a rescue procedure
during VT ablation for drug-refractory cardiogenic shock
confers a very poor outcome, with 16 of 21 patients dying
in the first 10 days in one study [50].

General anaesthesia and drugs such as propofol induce
vasoplegia and hypotension. When compared to conscious
sedation, general anaesthesia is associated with more use
of vasopressors (87% vs 12%) [51]. Monitoring usually only
relies on invasive blood pressure, while non-invasive cere-
bral oximetry offers additional monitoring value [52].

Studies of mechanical haemodynamic support have not
demonstrated any impact on VT-free survival [53], but this
can allow a longer time for activation and entrainment
mapping and more VT terminations during ablation. Thus,
systematic prophylactic mechanical haemodynamic support
implantation before ablation still needs more evidence to be
widely adopted. To prevent acute haemodynamic decom-
pensation, careful evaluation of haemodynamic status is
necessary, general anaesthesia should be avoided (when pos-
sible) and substrate ablation should be preferred.

Cardiac resynchronization therapy

Regardless to the type of device (CRT-pacemaker or CRT-
defibrillator), there are only a few conflicting reports about
the use of CRT in patients with left bundle branch block,
reduced LVEF and end-stage class IV heart failure requiring
continuous intravenous inotropic therapy or in cardiogenic
shock. Guidelines have not yet defined the role of CRT in
such patients [54].

Previous experience in patients on inotropic therapy
have suggested that CRT would not be indicated in such
cases due to very high mortality [55,56]. However, in these
reports, most patients had ischaemic cardiomyopathy. In
other series [57—59], favourable responses were obtained
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Table 4 Key messages for the management of arrhyth-
mias in the context of cardiogenic shock.

Atrial fibrillation
New or recent onset or suspicion of
tachycardiomyopathy: cardioversion after amiodarone
loading or urgent ablation when unsuccessful
Permanent: rate control and atrioventricular node
ablation and pacing if unsuccessful
Supraventricular tachycardia (flutter or other types)
Rate control, urgent cardioversion or ablation
Recurrent ventricular tachycardia/fibrillation
ICD reprogramming
Management of precipitating factors
Beta-blockade and antiarrhythmic therapy
Sedation, general anaesthesia
Ablation
Mechanical haemodynamic support when needed
Consider neuraxial modulation and/or heart
transplantation when previous steps are unsuccessful

ICD: implantable cardioverter-defibrillator.

with CRT. In these series, dilated cardiomyopathy was more
often present, possibly explaining these divergent results, as
patients with dilated cardiomyopathy are likely to be better
responders to CRT than those with ischaemic cardiomyopa-
thy [11].

Recent case reports have shown clinical improvement
after CRT implantation in patients with left bundle branch
block who are concomitantly on intra-aortic balloon pump
support [60] or left ventricular assist device [61]. The
rapid haemodynamic improvement on CRT seems to have
an additive effect on the unloading of the left ventricle
and improved organ perfusion achieved by the left ventri-
cular assist device or intra-aortic balloon pump. Therefore,
this combined treatment should be discussed when the risk
of complications using mechanical devices is high in these
unstable patients.

Conclusion

The development of sustained atrial or ventricular arrhyth-
mias in patients with cardiogenic shock who are hospitalized
in intensive cardiac care units may require individualized
evaluation and proactive management. Key messages for
the management of arrhythmias in the context of cardio-
genic shock are included in Table 4. A systematic and holistic
approach is needed to improve the management of patients
with these arrhythmias and to reduce the risk of lethal wors-
ening of haemodynamic status.
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