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Abstract

Electrical storm most often occurs in patients with coronary artery disease and left ventricular dysfunction. We report a case of recurrent ventricular Tachycardia (VT) 
in a 49-year-old male patient previously known to have an inferior myocardial infarction and hypertension, presented with ischemic chest pain accompanied by dizziness, 
hypotension, and tachycardia. An electrocardiogram showed monomorphic VT. A prompt synchronized electrical cardioversion under sedation has reverted the rhythm to 
the sinus. An echocardiogram showed left ventricular segmental wall motion abnormalities and ejection fraction of 37%. Then the condition complicated by recurrent VT 
necessitates multiple electrical cardioversions and defi brillation given for recurrent ventricular Fibrillation (VF) and short cardiopulmonary resuscitations that revived the 
patient from cardiac arrests. The patient had received a total of 103 electrical shocks over 15 days during which, he developed circulatory and respiratory compromise 
that required mechanical ventilation on twice occasions. Meticulous care including central monitoring and inotrope for hypotensive episodes was provided. A coronary 
angiogram showed normal left anterior descending and circumfl ex coronary arteries and a totally occluded right coronary artery which was failed to be revascularized in 
an attempt of angioplasty. The patient was successfully weaned off the ventilator and run a quiet course afterward. An implantable cardioverter-defi brillator was placed 
while maintained on oral amiodarone, mexiletine, metoprolol, and omega-3-acid ethyl esters, then discharged asymptomatic without recorded dysrhythmias. This case 
report underscores the challenges encountered throughout the management of such particular life-threatening ventricular arrhythmias and their impact on patient safety.

Introduction

The tumultuous nature which characterized the electrical 
storm is not unusually encountered in acute care facilities. 
It is known as clustering or hemodynamically destabilizing 
Ventricular Tachycardia (VT) or Ventricular Fibrillation (VF) 
that required multiple cardioversions or defi brillation within 
24-hour. Refractory VT remains a poorly characterized disorder 
with a variety of etiologies. Failure to recover from these 
dysrhythmias by means of electrical cardioversion, or anti-
arrhythmic agents resulted in circulatory collapse carrying a 
high mortality rate. We present an unusual case of an electrical 
storm. The management and challenges encountered were 
discussed. 

Case report

A 49-years old male, known with coronary artery disease 

and hypertension, presented with typical ischemic chest pain 
that was accompanied by palpitations, dizziness, diaphoresis, 
and visual blurring. The past medical history was relevant for 
inferior Myocardial Infarction (MI) 8-year previously, followed 
by coronary angiography which revealed a total right coronary 
artery occlusion. Physical examination showed Blood Pressure 
(BP) of 80/50 mmHg and Heart Rate (HR) of 180 beats/
minute (bpm). Systemic examination was unremarkable. An 
Electrocardiogram (ECG) showed monomorphic VT (Figure 1). 
A prompt synchronized electrical cardioversion under sedation 
has reverted the rhythm to the sinus. The BP was improved to 
90/60 mmHg and the HR record was 70 bpm. A repeated ECG 
showed Q waves in leads II, III, and aVF (Figure 2). Oral aspirin 
and clopidogrel were started together with Intravenous (IV) 
boluses of amiodarone and heparin followed by IV infusions. 
Beta-blocker was postponed until pressure improvement. 
Transthoracic echocardiography showed akinesia of inferior 
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and posterior-lateral walls, a left ventricular ejection fraction 
of 37%. Blood tests revealed elevated initial cardiac biomarkers 
which were perceived as a surge related to myocardial electrical 
injury. The blood levels of Mg2+ and K+ were normal. 

The following day, while the patient on an amiodarone 
infusion, he was developed VT that necessitate three shocks of 
100J, the third shock resulted in Ventricular Fibrillation (VF). 
Then, the patient was revived after 360J shock followed by short 
Cardiopulmonary Resuscitation (CPR). Shortly then, a new VT 
developed and shocked again twice with 100J. The seventh shock 
of 50J was given for one more VT and the subsequent 360J 
shock with short CPR followed for VF. His BP was maintained 
above 90/60mmHg and the HR above 65bpm while in sinus 
rhythm and sedation. Lidocaine IV infusion was started at this 
moment. The next morning, while the patient is stable with BP 
of 120/68mmHg and HR of 62bpm, oral propranolol 10mg q8hr 
was started in addition to amiodarone. At noon the patient 

had an electrical storm. He received fi fteen successive shocks 
and degenerated into VF twice before repossessing his sinus 
rhythm. The patient was sedated, mechanically ventilated. 
A few hours later the patient developed severe hypotension 
(BP 45/22mmHg) and bradycardia (HR 40bpm). Intravenous 
fl uids, 2mg atropine, and inotrope were administered. Despite 
these measures, the patient is still hypotensive. Amiodarone 
and propranolol were held. While the BP and HR improved the 
following day. A coronary angiogram was performed on this 
day showing total ostial Right Coronary Artery (RCA) occlusion 
and normal left anterior descending and circumfl ex coronary 
arteries that give collaterals fi lling the distal RCA (Figure 3a). 
An attempt to open the totally occluded RCA was failed (Figure 
3b).

During midnight, the patient developed a further episode 
of VT reverted to sinus rhythm with two shocks of 100J and 
180J respectively. Oral carvedilol 3.125mg q12hr was started. So 

Figure 1: Admission 12- lead electrocardiogram obtained in the emergency room showing monomorphic ventricular tachycardia.

Figure 2: An electrocardiogram was obtained directly after a prompt synchronized electrical cardioversion showing sinus rhythm and old inferior myocardial infarction (Q 
waves in leads II, III, and aVF).
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far the patient had received twenty-six shocks over 3 days. The 
patient had no more VT over the next three days while the BP 
maintained above 100/60 and HR above 60bpm. Amiodarone 
IV infusion was restarted at 1mg/minute. His Mg2+ level was 
2.94mEq/L and K+ 3.8 mEq/L. Intravenous potassium chloride 
and magnesium sulfate were given to keep serum K+ above 
4.0mEq/L and Mg2+ above 2.0mEq/L. ECG was in sinus rhythm 
and the corrected QT (QTc) interval was normal. Amiodarone 
was tapered down to 0.5mg/minute on the following days. At 
present, almost one week elapsed from the time of admission. 
The patient was successfully weaned off the ventilator. The 
next day, the patient developed recurrent episodes of VT for 
which he received nineteen shocks and he was re-intubated 
again. Intravenous bolus amiodarone 300mg was given and 
esmolol infusion was started. The lidocaine infusion was 
increased to 2mg/minute. After uneventful next 24 hours, once 
again the IV amiodarone, esmolol, and midazolam were held 
as a consequence of severe hypotensive. The patient received a 
sum of twenty-seven more shocks for recurrent runs of VT over 
the next 48 hours. By now, the patient exceeds a full amount of 
10gm of amiodarone. The QTc interval was 475msec. 

The patient developed nine more episodes of VT over the 
next three days while IV lidocaine and amiodarone infusion 
were reinstituted. The patient was still mechanically ventilated. 
Over the next 2 days, twenty-two more shocks were given for 
recurrent VT. Intravenous magnesium sulfate was given to 
correct hypomagnesemia (Mg2+ 0.95mEq/L). The QTc interval 
was 557msec. Lidocaine was reduced to 1mg/minute. The next 
3 days were uneventful. His HR was maintained at around 65 
bpm and BP above 120/60. The patient shows normal renal 
function. Serial ECGs showed sinus rhythm with a prolonged 
QTc interval of 500msec. Amiodarone was reduced to 0.5mg/
min. Omega 3 fatty acids was started at 1g daily along with 
oral mexiletine 200mg q12hr. The next day, the patient was 
successfully weaned off the ventilator. The QTc interval was 
545msec. The patient had received a total of 103 electrical 
cardioversion over a period of 15 days. Afterward, he run a quiet 
period of 2 weeks during which, an implantable cardioverter-
defi brillator was placed in the left pectoral region (Figure 4) 
while maintained on oral amiodarone 200mg q12hr, mexiletine 
200mg q12hr, metoprolol 50mg q12hr, and omega-3-acid 
ethyl esters 1gm a day in addition to oral aspirin, clopidogrel, 
and atorvastatin. The patient was discharged asymptomatic 
without recorded dysrhythmias.

Discussion

The risk of VT is highest during the fi rst year (3–5%) 
following acute MI [1], as well as the risk of sudden death 
from ventricular dysrhythmias remains high and may increase 
with time [2]. This patient developed MI several years before 
presentation, generally, the triggering mechanism for VT and 
particularly for ES is not well understood and it might be the 
main limitation for the development of a new clinically effective 
anti-dysrhythmic drug. However, it was thought to be a 
reentry around a fi xed anatomical obstacle in the scar area that 
served as a substrate from which monomorphic VT originates. 
This dysrhythmogenic substrate may continue to be modifi ed 

by subsequent ischemic insults as well as late ventricular 
remodeling and worsening pump function that may contribute 
to prodysrhythmias in addition to the other precipitants of ES 
including hypokalemia, hypocalcemia hypomagnesemia, and 
hypotension. 

While, termination of VT is typically achieved with Direct 
Current (DC) cardioversion, anti-dysrhythmic drugs, or 
overdrive ventricular pacing and correction of electrolyte 
disturbances, such therapies are not always successful as 
in the present case [3]. Unfortunately, sparse clinical trials 
information is present to guide the choice of anti-dysrhythmic 
therapy in these patients. Amiodarone Intravenously (IV) 
is recommended as fi rst-line anti-dysrhythmic therapy in 
hemodynamically tolerated monomorphic VT [4]. It showed 
unequivocal superiority over IV lidocaine with head-to-head 
comparison [5]. However, this patient continued to have 
monomorphic VT while on IV amiodarone with episodes of 
hypotension especially when IV lidocaine was added. There were 
no placebo-controlled trials that addresses the effectiveness 
of amiodarone in terminating hemodynamically tolerated 
monomorphic VT. The available case series included patients 
who had structural heart disease with moderately impaired 
Left Ventricular Ejection Fraction (LVEF), mainly secondary 
to ischemic heart disease suggests a low termination rate of 
29% to 42% [6-8] after administration of 150mg and 300mg 
IV amiodarone. Besides, there is no clinical trial evidence that 
IV magnesium is useful for treating or preventing sustained 
monomorphic VT in the absence of QT prolongation. In addition 
to amiodarone, nifekalant, and combined vasopressin and 

Figure 3: A. Coronary angiogram reveals normal left anterior descending and 
circumfl ex coronary arteries that give collaterals fi lling the distal right coronary 
artery (RCA). B. An attempted angioplasty failed to open the totally occluded RCA.

Figure 4: A chest x-ray was taken after the placement of an implantable cardioverter-
defi brillator in the left pectoral region. 



004

https://www.peertechzpublications.com/journals/journal-of-cardiovascular-medicine-and-cardiology

Citation: Al-Aqeedi RF, Mauuf G, Nabi E (2022) Refractory electrical storm in coronary artery disease patient, challenges of dying heart. J Cardiovasc Med Cardiol 
9(1): 001-005. DOI: https://dx.doi.org/10.17352/2455-2976.000176

adrenaline have been proposed for these extreme situations, 
but, they have had only 40% to 60% success rates [9-11]. On 
the other hand, beta-blocker therapy has been shown to reduce 
both the incidence of VF and mortality in acute MI [12,13]. A 
pooled database from 2 randomized clinical trials evaluated 
the use of amiodarone in patients recovering from MI, cardiac 
death, and dysrhythmic death or resuscitated cardiac arrest, 
was signifi cantly lower in patients receiving amiodarone, 
compared to placebo (P<0.05 and 0.03, respectively), if they 
were also receiving beta-blockers [14,15]. This patient had a 
better response to this combination of therapy. The QT interval 
was not exceeded 500 msec, yet, we accept some kind of 
prolongation while the patient is in amiodarone infusion.

The LV function is a well-established independent risk 
factor for sudden cardiac death in patients with ventricular 
dysrhythmias [16,17]. In a sub-analysis of the Candesartan 
in Heart Failure Assessment of Reduction in Mortality and 
Morbidity (CHARM) study, evaluation of the impact of LVEF 
quartiles on long-term survival revealed a 39% relative risk 
of increased mortality for every 10% reduction in LVEF [18].  In 
the present case, the lower LVEF was a contributory factor for 
the ES occurrence, which might be aggravated by worsening 
function or new ischemic insult. Patients who present with 
sustained VT and an LVEF <35% should be considered for an 
implantable defi brillator. A meta-analysis of the secondary 
prevention internal cardioverter-defi brillator (ICD) trials 
revealed that the patients who benefi ted from ICD therapy over 
amiodarone therapy were patients with EF <35%. Amiodarone 
was equivalent to ICD in patients with EF >35% [19].

The primary goal for long-term management in patients 
who have presented with sustained VT is to prevent recurrence 
of VT and sudden death. Ablation can be useful to prevent 
or reduce recurrent episodes of VT, usually as adjunctive 
therapy to an ICD. The risks are greater, and mortality remains 
signifi cant after ablation in these patients with recurrent, 
drug-refractory VT. Attention to optimizing treatment of the 
underlying disease, as well as controlling VT recurrences, 
seems prudent. Reddy et al showed the outcomes may be better 
in patients undergoing ablation after initial presentation with 
VT [20]. We believed, VT ablation may also be considered in 
this patient before undergoing ICD implantation, but it was 
not feasible because of unstable hemodynamic status [21]. On 
the other hand, angiography revealed a totally occluded right 
coronary artery, though an attempt of revascularization was 
failed to open the artery, because of the chronic nature of the 
lesion. 

The patient was moved from IV esmolol to oral metoprolol. 
Mexiletine was given instead of lidocaine as it shares the 
same anti-dysrhythmic class properties and is reported to 
be helpful in some refractory ventricular dysrhythmias. We 
believe, mexiletine, was helpful in this patient in weaning 
off lidocaine. It was confi rmed that mexiletine preferentially 
depresses conduction in the diseased myocardium at the VT 
origin, and this action occurred at a higher rate during VT 
[22,23]. Moreover, some studies may support its safety as 
an anti-dysrhythmic effect, omega-3 polyunsaturated fatty 

acids added despite the equivocal evidence against ventricular 
arrhythmia. 

Finally, there is no recommended clinical protocol to 
treat such unusual cases, however, treatment of ES, although 
intricately successful in this patient, is hardly a momentous 
event in the medical fi rmament, but it is hoped that the 
challenges faced and meticulous care given may trigger 
possible alternative therapies for ES and further investigation. 

Conclusion 

Despite the modern fi brinolytic and interventional 
therapies, ES is still uncommonly encountered in emergency 
practice. It’s a striking and potentially treatable clinical entity. 
Physicians should act promptly in management and to correct 
all possible etiological and precipitating factors. 
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