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Abstract
Background: Acute myocardial infarction (AMI) often complicated with multiple arrhythmias, especially
ventricular arrhythmias, including sustained ventricular tachycardia (SVT) and ventricular �brillation (VF)
are often presages progressive heart failure in 48 hours. The present study reports a case of electrical
storm (ES) occurring in an 84-year-old woman with acute myocardial infarction (AMI).

Case presentation: With the de�brillations or amiodarone, the recurrence of ventricular tachycardia
inhibited and the electrocardiographic pattern normalized.

Conclusions: The results suggest that de�brillations and amiodarone may be able to improve the survival
rate of patients with ES with AMI and would be considered as an alternative treatment for implantable
cardioverter de�brillator (ICD) and invasive catheter ablation in the management of cardiac ES.

Background
Electrical storm (ES) is a distinct medical emergency characterized by three or more discrete episodes of
ventricular arrhythmia (ventricular tachycardia, VT/ventricular �brillation, VF) within 24 hours, or
incessant ventricular arrhythmia for more than 12 hours, requiring the intervention of the de�brillator
(antitachycardia pacing or shock) 1 2, and portends a signi�cant increase in mortality risk and often
presages progressive heart failure 3 4. Lower left ventricular ejection fraction, implantation of a secondary
prevention implantable cardioverter de�brillator (ICD), treatment with class I anti-arrhythmic agents, and
monomorphic ventricular tachycardia (VT) as the underlying arrhythmia associated with a higher
incidence of ES 5. The pathophysiological mechanisms which underlie ventricular arrhythmia storm were
not well characterized. It is likely that there is a complex interplay between enhanced sympathetic tone 6,
calcium-related signaling abnormalities, dysregulation of protein phosphorylation and a susceptible
arrhythmogenic substrate 7. Patients with ES are more likely to have advanced cardiac disease.

The management of ES requires complex multi-disciplinary care, including ICD re-programming,
haemodynamic support, the use of antiarrhythmic medications, identi�cation and reversal of
precipitating factors, and consideration of catheter ablation and neuraxial modulation. Radiofrequency
catheter ablation (CA) is emerging as the standard-of-care in patients with electrical storm refractory to
optimal medical management.

We report a unique case of acute myocardial infarction-induced electrical storm with low-output heart
failure. Although the patient showed vital signs consistent with shock during the procedure, she was
successfully rhythm-controlled with electrical de�brillation and amiodarone.

Case Presentation
In this case report, we describe a case of an 84-year-old woman, was brought to the emergency
department (ED) by ambulance with symptoms of occasional chest tightness occurring over the previous
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4 years, and recurrent over the preceding 2 days, sudden chest tightness persisting for 1 hour and without
relief. And the patient was shifted to the Medical Intensive Care Unit (MICU). On admission, she had AMI
for worsening heart failure, with previous medical history signi�cant for more than 20 years of
hypertension (grade 3, very high-risk group), dyslipidemia, coronary artery disease (CAD) and twice
percutaneous coronary intervention (PCI) and two stents placement surgery history. And she has a long-
term oral thiazide diuretics history for chronic renal insu�ciency (CRI) elevated creatinine and oliguria.
And she was suffering chronic constipation (CC) in the past 1 year, and had a long-term oral rhubarb
soda tablets. And she had a positive history for nitroglycerin, penicillin, and cephalosporin. On physical
examination, low heart sound and pulmonary wet rales were heard on auscultation, ambiguous and with
a pained expression. Her electrocardiogram (ECG) demonstrated monomorphic VT, 168 beats per minute
(bpm) and irregular, 37 breaths per minute (bpm), blood pressure (BP) was 80/60 mmHg, and blood
oxygen saturation (SpO2) was 96–99%.

De�brillation using 200J was immediately performed with restoration of sinus rhythm (70 bpm), with an
elevated blood pressure present, and the patient appeared drowsy, with a Glasgow Coma Scale (GCS)
score of 13 (E3V5M5). Then she was received clopidogrel and aspirin for oral administration, low
molecular weight heparin (LMWH) subcutaneous injection, dopamine infusion to maintain blood
pressure, lansoprazole to inhibit of gastric acid secretion, and the ECG monitor displayed, BP
117/75 mmHg, HR 64 bpm (sinus rhythm), R 19 bpm.

She was assessed as Killip IV-grade. Her troponin I level was elevated at 11.871 ng/ml (normal 0-
0.04 ng/ml), and brain natriuretic peptide (BNP) concentration was 1348.8 pg/ml (normal < 100 pg/ml). A
12-lead ECG revealed sine-wave pattern and ST elevation with features of low cardiac output. On
transthoracic echocardiography, the left atrium (LA) and left ventricle (LV) diameter was 35 mm and
65 mm, respectively. The ventricular septum was 60 mm, and the posterior wall of the left ventricle was
60 mm, and the activity of them was reversed and the wall motion exhibited globally severe hypokinesis
with an LV ejection fraction (LVEF) of 13%.

The patient was monitored in the MICU while experiencing unconsciousness, shallow breathing,
hypotension, and hypoperfusion of end organs (cool extremities, low urine output and heart rate of 50–
75 bpm) and supported with dopamine, the urine volume was 1299 ml within the �rst 24 hours.

After de�brillation, a 12-lead ECG depicted normal sinus rhythm, premature ventricular contractions, �rst-
degree atrioventricular block, ST-T segment changed in leads , , , aVL, aVF, V4 through V9, T-wave
changed in leads V2-V4, suggested old myocardial infarction.

The results of complete blood count indicated a rise in leukocyte and neutrophil counts, and serum
concentrations of electrolytes were normal, creatinine 387umol/L (45-84umol/L), and liver function tests
were ALT 1190 U/L (0–40 U/L), AST 1578.4 U/L (0–35 U/L), TBA 22.2umol/L (0.5-10umol/L), LDH
1776 U/L (120–250 U/L). Coagulation function showed D-DI 26.3ug/mL (< 0.5ug/mL).
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On hospital day 2, the patient developed a recurrent wide complex QRS that transitioned into sustained
monomorphic ventricular tachycardia (SMVT), requiring electrical de�brillation. After de�brillation, the
patient's QRS interval normalized, SMVT occurred again, just 6 minutes after de�brillation, then after 3
times of de�brillation, antiarrhythmic treatment with amiodarone was initiated immediately, we
administered an intravenous infusion of 150 mg amiodarone, followed by a continuous infusion
(1 mg/min) as a maintenance volume for 6 hours. But this also failed to terminate the occurrence of
arrhythmia, SMVT occurred repeatedly, with a total of 9 ventricular arrhythmias rapidly degenerating to
ventricular tachycardia with hypotension within 8 hours, fortunately, electrical de�brillation could restore
the sinus rhythm, and the interval was extended with the amiodarone maintenance. Over the next 12
hours, each SMVT could be converted to sinus rhythm through one or two doses of intravenous
amiodarone (150 mg each, intravenously) without de�brillation, and since had no documented episodes
of ventricular tachycardia. Her non-invasive blood pressure (NBP) varied between 65/42 mmHg and
151/90 mmHg, and his pulse ranged from 99 to 182 bpm, with a stable respiratory rate from 12 to
20 bpm.

A post-cardioversion ECG con�rmed sinus rhythm. She was continuous amiodarone with 0.5 mg/min
infusion for 2 days after �rst 6 hours with 1 mg/min. After de�brillation and amiodarone infusion, the
ECG changes began to normalize gradually, contractility of the heart also improved. On the next days in
hospital, her mental status returned to her baseline, and her GCS score was 15. And several daily ECGs
during hospitalization depicted normal sinus rhythm. The patient was discharged her 10th day in the
hospital with clinically stable and medically asymptomatic.

The patient remained free from sustained ventricular arrhythmia during the six-month follow-up.

Discussion
Acute myocardial infarction (AMI) often complicated with multiple arrhythmias, especially ventricular
arrhythmias, including sustained ventricular tachycardia (SVT) and ventricular �brillation (VF) are often
presages progressive heart failure in 48 hours. Previous studies have con�rmed that the occurrence of
SVT and VF is associated with myocardial infarct size and LVEF, and the risk of cardiogenic shock and in-
hospital death is signi�cantly higher 8–10. And it is important to identify SVT/VF high-risk groups and
take effective protective measures to improve the prognosis of patients with AMI early. Practice has
shown that early and immediate de�brillation is the most effective treatment.

According to the guidelines of American College of Cardiology Foundation (ACCF)/American Heart
Association (AHA) and European Society of Cardiology (ESC), for patients with hemodynamic instability,
emergency PCI-based revascularization should be performed as soon as possible 11 12, and the time
window of emergency PCI can be relaxed accordingly. The ACC/AHA have pointed out the treatment
guidelines for ST-segment elevation myocardial infarction (STEMI) that patients with AMI complicated
with ventricular tachycardia are preferred for intravenous amiodarone in hemodynamically stable
conditions 13. Otherwise, the cardioversion is performed �rst, followed by amiodarone.
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We present a case of a patient with recurrent unstable SMVT, who was successfully cardioverted with
de�brillations or amiodarone. SMVT can result in hypoperfusion or devolve into more dangerous rhythms
such as VF.

Current ventricular tachycardia management in patients with ischemic cardiomyopathy (ICM) includes
optimal medical therapy, ICD device therapy, and antiarrhythmic medications. Sustained ventricular
tachyarrhythmia continues to be a signi�cant cause of morbidity and mortality in patients with ischemic
cardiomyopathy (ICM) 14. The placement of ICD is proven to reduce the rates of sudden death and
mortality in patients with ICM and reduced ejection fraction 15. However, the ICD has no effect on the
incidence or recurrence of the events. Recurrent ventricular tachyarrhythmias can lead to recurrent shocks
and re-hospitalizations, and were proven to be associated with worse overall outcomes 16–20. Catheter
ablation aims to prevent recurrence of VT, thus in theory, reducing recurrent ICD shocks and subsequently
the need for long-term use of potentially toxic antiarrhythmic agents. Worldwide, invasive catheter
ablation is increasingly performed to treat ventricular tachycardia 21. The procedure is largely effective in
the absence of ventricular scar (idiopathic ventricular tachycardia). However, catheter ablation for
cardiomyopathic ventricular tachycardia is associated with recurrence rates as high as 50% at 6 months
22–27.

Amiodarone is commonly used in the treatment of ES. It exerts a predominant Class III effect by way of
potassium channel blockade and resultant prolongation of the refractory period in cardiac myocytes. It
also exhibits Class I (sodium channel inhibition), Class II (L-type calcium channel blockade) and Class IV
(sympathetic blockade) effects, most notably when administered intravenously. Amiodarone has been
demonstrated to successfully terminate ventricular arrhythmias in approximately 40% of patients when
used in isolation, and is useful in preventing long-term recurrence 28 29. Amiodarone plus β-blockers
signi�cantly reduces the risk of recurrent ICD-shocks compared with β-blockers alone and sotalol alone
29. In ES, amiodarone may reduce storm recurrences four-fold over 2-year follow-up 30. In addition to its
special electrophysiological effects, amiodarone has the function of dilation coronary arteries, increasing
blood �ow, dilating peripheral arteries, reducing peripheral resistance, myocardial ischemia and
myocardial oxygen consumption, especially in the ischemic arrhythmia, on the other hand, intravenous
injection can lower blood pressure and even cause fatal cardiogenic shock, but has no signi�cant effect
on cardiac output. Amiodarone has no or only mild negative inotropic effects and has a good effect on
arrhythmias complicated with heart failure. Studies have reported that the intravenous of amiodarone in
the acute phase can make ICD storms stable in a short period of time. Unfortunately, amiodarone is not a
benign medication, and the long-term use of amiodarone is often limited by its associated toxicities,
including liver dysfunction, hypo- and hyperthyroidism, pulmonary �brosis and, most notably, pro-
arrhythmic effects, including precipitating VF and torsades de pointes. Furthermore, chronic amiodarone
therapy has been associated with increased de�brillation thresholds 31. A recent meta-analysis has
suggested amiodarone may be associated with increased mortality 32.
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AHA guidelines recommend antiarrhythmic treatment with amiodarone in patients with monomorphic VT
for which electrical cardioversion has been unsuccessful. And most of the deaths were attributed to
congestive heart failure or noncardiac causes, with few deaths from arrhythmia. In this case, she is an
elderly woman with multiple organ dysfunctions, and we have no medical conditions to undergo
emergency PCI. And the patient’s quality of life was acceptable during the period of 6-month follow-up
with our active treatment.

Conclusion
We describe a case of successful cardioversion by electrical de�brillation and amiodarone in a patient
with recurrent ventricular tachycardia storm. Although further research is needed to assess the safety of
the bolus infusion of amiodarone, that may worsen hypotension in already unstable patients, and the
long-term e�cacy, especially in elderly patients with pulmonary insu�ciency. Consideration may be given
to using this method in patients with unstable SMVT when medical conditions do not allow coronary
stent placement in case, demonstrated safety and effectiveness of this technique could reduce the
damage of invasive operations.
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