Hellenic J Cardiol 49: 86-91, 2008

Review Article

Electrical Storm: A New Challenge in the Age
of Implantable Defibrillators

KONSTANTINOS A. GATZOULIS!, SKEVOS K. SIDERIS?, IOANNTS E. KALLIKAZAROS?,

Key words:
Electrical storm,
implantable
antitachycardiac
pacemaker,
implantable
defibrillator,
sudden cardiac
death.

Manuscript received:
October 29, 2007;
Accepted:

January 4, 2008.

Address:

Konstantinos
Gatzoulis

P.O. Box 175
19009 Drafi Attikis
Greece

e-mail:

kgatzoul@med.uoa.gr

CHRISTODOULOS 1. STEFANADIS!

!]st. Department of Cardiology, Athens University Medical School, *Cardiology Department, Hippokration

Hospital, Athens, Greece

utomatic implantable cardiovert-

er/defibrillators (AICD) increase

the life expectancy of patients with
underlying cardiac disease in both the pri-
mary"? and secondary®* prevention of sud-
den cardiac death (SCD). Unfortunately,
despite the continuing technological devel-
opment of these devices, a large number
of patients experience unpleasant effects
caused by their defibrillator.* Frequent dis-
charges in response to incessant or recur-
rent ventricular tachycardia or fibrillation,
the delivery of inappropriate shocks in the
absence of ventricular tachycardia because
of non life-threatening supraventricular
tachycardias or environmental factors, are
the most common negative events that can
occur after implantation of the defibril-
lator.*

Definition of electrical storm

Electrical storm has been defined”® as the
occurrence of ventricular tachycardia or
fibrillation at frequent intervals, namely
three or more episodes within 24 hours,
and it is definitely an emergency medical
condition.’!? An alternative definition of
electrical storm proposed recently is the oc-
currence of at least two episodes of ventric-
ular tachyarrhythmia within 24 hours.'!*
Although this arrhythmiological complica-
tion has been known for years and was as-
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sociated with increased mortality before
the AICD era —especially during the acute
phase of myocardial infarction, in drug tox-
icity, or after cardiac surgery- it is particu-
larly relevant today because of the enhanced
life expectancy of the increasing number of
high-risk cardiac patients who are treated
with an AICD.!? Fifty to seventy percent of
patients who are given a defibrillator for
the secondary prevention of SCD receive
appropriate therapy at two years,” and at
three years 10-20% will have experienced
electrical storm.>712* Multiple discharges
create psychological problems for patients
and have a negative impact on their quality
of life.!! The continually increasing indica-
tions for defibrillator implantation'™ make
electrical storm an interesting issue to re-
solve, not only because of its emergency na-
ture and the psychological problems associ-
ated with it, but also because of its unfa-
vourable effect on the patient’s long-term
prognosis.”!?

Clinical and laboratory characteristics of
patients with electrical storm

What are the characteristics that predis-
pose a patient to the occurrence of this
phenomenon? From a recent study it ap-
pears that patients with severely compro-
mised left ventricular function, chronic re-
nal failure, and ventricular tachycardia as
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initial arrhythmia have the greatest probability of expe-
riencing electrical storm.'* The majority (90%) of pa-
tients in that study had ventricular tachycardia, while
ventricular fibrillation occurred in 8%. A small percent-
age had forsades de pointes and polymorphic ventricular
tachycardia. It is noteworthy that, in spite of a detailed
analysis of the electrocardiogram, haematological and
biochemical examinations, and the patients’ clinical
symptoms, in only 36% was any triggering mechanism
found that could provoke electrical storm. Those fac-
tors were ischaemia as acute coronary syndrome, infec-
tion with high fever, hypokalaemia or hyperkalaemia,
hyperthyroidism, and acute heart failure. This interest-
ing clinical observation was confirmed by all retrospec-
tive and prospective studies carried out of patients with
an AICD who experienced electrical storm.>’121415
Thus, this study concluded that the patients with a de-
fibrillator who are likely to undergo electrical storm are
those who have a low left ventricular ejection fraction
(LVEF) and chronic renal failure.'* The same conclu-
sions were also reached by older studies.” It is possible
that the coexistence of advanced stage heart failure, as
well as older age, could be more powerful prognostic
indexes than LVEF.!?

In contrast, patients with ventricular fibrillation
as first arrhythmia and those who are taking hypolipi-
daemic medication have a smaller probability of de-
veloping electrical storm.'® The AVID study'® con-
firmed that there are fewer episodes of ventricular ta-
chycardia in defibrillator patients who presented with
ventricular fibrillation than in those who initially had
ventricular tachycardia. However, in a recent, retro-
spective study with a large patient population a signif-
icant percentage of patients with electrical storm had
ventricular fibrillation as first presenting arrhythmia
in their history.'* That study, unlike other observa-
tional studies, found that in a significant percentage
of cases of electrical storm the arrhythmia that was
detected and terminated by the AICD was not ven-
tricular tachycardia but ventricular fibrillation. One
possible reason for this is the very low LVEF. The
lower the LVEF, the greater the likelihood of ventric-
ular fibrillation and SCD.

It has been suggested that diabetes mellitus exerts
a paradoxical protective effect'® against electrical
storm. However, in the recent SCD-HeFT study'’ an
examination of its correlation with prophylactic defib-
rillator implantation in patients with LVEF <35% re-
vealed that non-diabetic patients had a greater bene-
fit than diabetics, although they did not show a lower
risk of electrical storm. Thus, this observation needs

to be supported by future studies before it can be ac-
cepted.

Electrical storm has been described in patients
with post-infarction coronary artery disease, as well as
in patients with various forms of cardiomyopathy,
valvular disease, surgically corrected congenital heart
disease, and genetically determined cardiac diseases
without any apparent underlying structural disease,
such as Brugada syndrome.'? In one study the under-
lying coronary artery disease was an independent risk
factor for electrical storm.'* It appears that this life-
threatening arrhythmiological complication follows
the clinical and laboratory profile of the high-risk car-
diac patient who is treated with an AICD for protec-
tion against SCD. Although in the series of patients
with electrical storm published so far in the literature
this complication has mainly been described in pa-
tients with a previous history of terminated sustained
ventricular tachyarrhythmia (secondary prevention of
SCD),> 12131518 it i also likely to occur in high-risk pa-
tients who are treated with an AICD for primary pre-
vention of SCD.'*!” In those patients it has been found
that the combination of a very low LVEF (=25%) with
a wide QRS complex (=120 ms) is a powerful prog-
nostic factor for the occurrence of electrical storm."
For this reason these patients should undergo fre-
quent clinical and laboratory monitoring in order to
reduce the probability of occurrence or reoccurrence
of electrical storm.

Long-term prognosis of patients with electrical storm

Electrical storm is probably a bad prognostic factor
for long-term outcome, 1418 although some investi-
gators maintain that it is not a marker of increased fu-
ture mortality.>®!® These disagreements are due to
the different patient populations studied, different
definitions of electrical storm, the retrospective or
prospective collection of data, and the different fol-
low-up times (Table 1). Thus, in the studies that did
not find an unfavourable long-term outcome either
the follow-up duration was shorter or the definition
of electrical storm was looser.>'* The consistent find-
ing from all observational studies in which electrical
storm was an unfavourable prognostic factor was that
the increased mortality was due to rapidly deteriorat-
ing heart failure, with a small proportion of sudden
cardiac or other deaths.”!>1>!8 Indeed, in one pro-
spective observational study of patients treated with
an AICD for malignant ventricular arrhythmias, the
independent risk factors for increased mortality from
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Table 1. Prognostic significance of electrical storm in patients with an implantable defibrillator. The “Definition” column shows the num-
ber of episodes of ventricular tachycardia or fibrillation that were deemed by the investigators to constitute electrical storm.

Author (ref.) Patients Electrical storm (%) Definition (VT/VF) Follow up (months) Long-term outcome
Villacastin'® 80 16 (20%) 3/24 hr 21+ 19 Negative
Credner’ 136 14 (10%) 3/24 hr 13+7 Neutral
Greene® 222 40 (18%) 3/24 hr 34 +31 Neutral
Exner’ 457 90 (19%) 3/24 hr 3113 Negative
Verma'* 2028 208 (10%) 2/24 hr 2+5 Negative
Gatzoulis'? 169 32 (19%) 3/24 hr 33 £26 Negative
Brigadeau® 307 123 (40%) 2/24 hr 28 £ 10 Neutral

pump failure during a three-year follow up were first-
ly an advanced stage of heart failure, followed by the
occurrence of electrical storm.!? Such an observation
has important clinical and therapeutic implications
for the future treatment of these patients. In another
short (one-year) prospective study of patients with at
least one cardioverted episode of ventricular arrhyth-
mia, electrical storm occurred in 23% of cases and
was the cause of frequent hospitalisations.'

In most cases these events are due mainly to epi-
sodes of ventricular tachycardia that are treated with
antitachycardiac pacing and electrical discharges
(Figure 1). Usually we do not find a specific cause.
Given that antitachycardiac pacing is able to termi-
nate life-threatening episodes of sustained ventricular
tachycardia silently, as soon as they start, without de-
livering defibrillatory shocks, the true incidence of
electrical storm has probably been underestimated."
Thus it is likely that these patients, like those who ex-
perience a single electrical discharge as well as other,
separate episodes of subclinical termination of ven-
tricular tachycardia by antitachycardiac pacing, may
not seek medical assistance or hospital treatment. It
remains unknown to what extent the number of epi-
sodes of sustained ventricular tachyarrhythmia termi-
nated by the AICD during electrical storm contains
prognostic information regarding the patient’s future
outcome. It seems, however, that the type of ventricu-
lar tachyarrhythmia involved (tachycardia or fibrilla-
tion) during electrical storm does not affect the long-
term outcome in these patients.'

Treatment of patients with electrical storm

The patient who exhibits electrical storm should be ex-
amined very carefully and should undergo thorough
clinical and laboratory testing in an attempt to deter-
mine the cause that triggered the arrhythmia, such as
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electrolyte disturbances or recurrent ischaemia. If one
is found, we treat the underlying cause, often without
the need for a specific antiarrhythmic drug.”’ Unfortu-
nately, however, as mentioned above, such a correctible
factor is only found in a few cases.

As far as antiarrhythmic medication is concerned,
the choice depends on the underlying cardiac disease,
on the existence and severity of heart failure, and on
the chance of side effects from the drug in each indi-
vidual patient.

Amiodarone remains the first choice drug in these
patients because of its high efficacy and few side ef-
fects when administered over a short time. After re-
suscitation it is preferable to administer it intravenou-
sly.?! Sotalol is another attractive choice that has a
better side-effect profile in long-term follow up.

Class I antiarrhythmic drugs are used widely,
with variable success rates, and can play a role in po-
lymorphic ventricular arrhythmias.?? Beta-blockers
have shown good effects on both heart failure and
the sympathetic system.!” Light sedation or general
anaesthesia may be needed in exceptionally resis-
tant cases for the immediate treatment of electrical
storm.? Tt is likely that the combination of amio-
darone with a beta-blocker, and in particularly resis-
tant cases with the addition of mexiletine, could be
an effective therapeutic choice.!” Indeed, in a one-
year prospective follow up of high risk cardiac pa-
tients with a history of sustained ventricular tach-
yarrhythmia and an AICD (the Optimal Pharmaco-
logical Therapy In Cardioverter-defibrillator patients
—OPTIC- trial) electrical discharges were delivered
in 38.5% of patients who were taking beta-blockers,
in 24.3% of those on sotalol, and in only 10.3% of
patients who were taking amiodarone in combination
with a beta-blocker.”* The optimum combination of
beta-blockers and angiotensin inhibitors, mainly in
high-risk patients (LVEF <25% and QRS =120 ms),
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may reduce the chance of occurrence of electrical
storm."”

The recently published SHIELD trial showed that
azimilide is effective and helps to reduce the number
of discharges, though not mortality.'>* Azimilide is
an experimental class III antiarrhythmic drug that
blocks calcium channels and prolongs the energy po-
tential and refractory periods. A secondary analysis of
the SHIELD results found that during a prospective
one-year follow up azimilide significantly reduced the
incidence of electrical storm in comparison with pla-
cebo.!® That means that we shall have an extra alter-
native for the treatment of electrical storm if the drug
becomes commercially available. In any case, from
the data available to date we appear to be lagging be-
hind in the effective treatment of these difficult con-
ditions and perhaps new drugs in the future will give
us greater and better powers for the prevention and
treatment of electrical storm. '’

Radiofrequency ablation of monomorphic ven-
tricular tachycardia, or even of polymorphic ventricu-
lar tachycardia, is the next solution after the failure of

medication.?*?” Nowadays, it is feasible to suppress
episodes of sustained ventricular tachycardia in pa-
tients with organic heart disease by endocardial abla-
tion of the arrhythmogenic focus in one of the two
ventricles in the electrophysiological laboratory.?*%’
Conventional mapping techniques, or more modern
electroanatomical mapping methods, can be used
with safety and likely efficacy.”*’ Even though these
methods do not usually lead to the disappearance of
the arrhythmiological substrate, they may modify it
sufficiently to make it difficult or impossible for a pre-
viously easily-triggered sustained ventricular tachy-
cardia to reoccur, allowing the possibility of prevent-
ing relapses without the need for long-term combined
antiarrhythmic medication (Figure 2). To what extent
this approach might contribute to an improvement in
the patient’s life expectancy is unknown.

Every attempt should be made to achieve opti-
mum programming of the AICD so that life-threaten-
ing episodes of ventricular tachyarrhythmias will be
terminated promptly.>*! Finally, in certain patients,
upgrading to biventricular pacing or even heart trans-
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plantation is recommended, if there is worsening of
the stage of heart failure and the necessary prerequi-
sites are satisfied.*>**

Summation

Protection against electrical storm is difficult, but an
improvement in the life expectancy of patients with
advanced heart disease and an AICD is achievable
today. It requires an understanding of the cause of
heart failure, and a good knowledge of the antiarrhy-
thmic and other drugs that are used for the optimum
treatment of these patients. Even if all this fails, ra-
diofrequency ablation provides an alternative solu-
tion. Ischaemia, electrolyte disturbances, proarrhyth-
mia, drug intolerance, the use of inotropic or other
agents that can trigger ventricular tachycardia or fib-
rillation, should all be corrected as soon as they are
detected. Electrical storm is a tragic experience for
the patient, with many psychological and financial con-
sequences. Every possible attempt should be made to
reduce as far as possible the number of patients who
undergo it. It cannot be eliminated, but it can be miti-
gated.
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