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Background Coronavirus disease 2019 (COVID-19) has been associated with myocardial involvement. Among cardiovascular
manifestations, cardiac arrhythmias seem to be fairly common, although no specifics are reported in the literature.
An increased risk of malignant ventricular arrhythmias and electrical storm (ES) has to be considered.

...................................................................................................................................................................................................
Case summary We describe a 68-year-old patient with a previous history of coronary artery disease and severe left ventricular

systolic disfunction, who presented to our emergency department describing cough, dizziness, fever, and shortness
of breath. She was diagnosed with COVID-19 pneumonia, confirmed after three nasopharyngeal swabs. Ventricular
tachycardia (VT) storm with multiple implantable cardioverter defibrillator (ICD) shocks was the presenting mani-
festation of cardiac involvement during the COVID-19 clinical course. A substrate-based VT catheter ablation pro-
cedure was successfully accomplished using a remote navigation system. The patient recovered from COVID-19
and did not experience further ICD interventions.

...................................................................................................................................................................................................
Discussion To date, COVID-19 pneumonia associated with a VT storm as the main manifestation of cardiac involvement has

never been reported. This case highlights the role of COVID-19 in precipitating ventricular arrhythmias in patients
with ischaemic cardiomyopathy who were previously stable.
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Learning points

• COVID-19 can precipitate ventricular arrhythmias (VAs) in patients with ischaemic cardiomyopathy who were previously stable, even in
the absence of overt myocardial injury and raised cardiac enzymes.

• Ventricular tachycardia storm in COVID-19 patients should be managed according to guidelines on VAs and, when catheter ablation is rec-
ommended, it should be performed preferably with a remote navigation system, also in order to minimize the infectious risk of the staff of

the electrophysiology laboratory.
• The role of SARS-CoV-2 infection in triggering ventricular arrhythmias may be related to cytokine storms and intracellular calcium over-

load, but specific efforts should be made to understand mechanisms linking life-threatening arrhythmias and COVID-19.
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..Introduction

In December 2019, an outbreak of an emerging disease, named cor-
onavirus disease (COVID-19), occurred in Wuhan, China, due to a
novel coronavirus (later named severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2),1 and was declared a global pandemic in
early March 2020. The clinical course of SARS-CoV-2 infection is
mostly characterized by respiratory tract involvement, potentially
leading to pneumonia and SARS, but it has also been associated with
myocardial involvement and with arrhythmic events in a non-
negligible number of patients.1–4 Therefore, an increased risk of ma-
lignant ventricular arrhythmias (VAs) and electrical storm (ES) has to
be considered. While it is established that ES is more likely to occur
in patients with severe left ventricular (LV) dysfunction and coronary
artery disease (CAD), evident triggers cannot always be identified.5,6

Electrolyte imbalance (such as hypokalaemia), worsening heart fail-
ure, myocardial infarction (MI), adrenergic hyperactivity, hyperthy-
roidism, and sepsis have to be considered in the initial evaluation of
patients with ES.6–11 To date, evidence linking SARS-CoV-2 infection
and ventricular tachycardia (VT) storm are lacking.

Timeline

Case presentation

A 68-year-old Caucasian woman presented to our emergency de-
partment at the end of February 2020 with cough and dizziness for
the past 20 days and persistent fever unresponsive to antipyretic
drugs for the past 6 days, associated with worsening shortness of
breath. Her past medical history included a prior inferolateral ST-
segment elevation myocardial infarction (STEMI) in 2014. Due to the
persistence of severe left ventricular (LV) dysfunction [LV ejection
fraction (EF) 34%], she was implanted with a single-chamber implant-
able cardioverter defibrillator (ICD) for primary prevention of sud-
den cardiac death 3 months later. Follow-up was uneventful and she
never experienced ICD interventions. Her medical therapy on admis-
sion was metoprolol 100 mg b.i.d., ramipril 5 mg/day, spironolactone
25 mg/day, rosuvastatin 10 mg/day, cardioaspirin 100 mg/day, and
rabeprazole 20 mg/day. Her cardiovascular examination was unre-
markable, while lung auscultation revealed left basal crackles. A 12-
lead electrocardiogram (ECG) showed sinus rhythm with signs of in-
ferior MI (Figure 1). Laboratory tests were within the normal range,
except for C-reactive protein (CRP) (27.6 mg/L, reference range
<1.0 mg/L). Arterial blood gas analysis revealed oxygen partial pres-
sure of 67 mmHg and oxygen saturation of 94%. Two real-time re-
verse transcription–polymerase chain reaction (RT–PCR) assays on
nasopharyngeal swabs resulted negative for SARS-CoV-2. A chest
radiograph demonstrated a consolidation in the left inferior lobe, sug-
gestive for pneumonia (Figure 2A and B). Non-invasive ventilation and
antibiotic therapy were started.

During her hospital stay, the patient had multiple episodes of sus-
tained VT treated with ICD shocks (Figure 2C). Device interrogation
detected frequent VA episodes over the past 20 days, self-
terminating or successfully interrupted with antitachycardia pacing
(ATP). ES (12 VT episodes within 24 h) persisted despite intravenous
infusion of beta-blockers (metoprolol), amiodarone, and deep

Figure 1 The 12-lead electrocardiogram (ECG) on admission.
Sinus rhythm at a rate of 100 b.p.m. with Q waves and negative T
waves in the inferior leads.

20 days before

admission

Symptom onset (cough and dizziness).

6 days before

admission

Persistent fever unresponsive to antipyretic

drugs and gradually worsening shortness of

breath.

Admission Diagnosis of pneumonia, suspected for corona-

virus disease (COVID-19), with two real-

time reverse transcription–polymerase chain

reaction (RT–PCR) assays on nasopharyngeal

swabs negative for SARS-CoV-2 infection.

Day 1–7 Non-invasive ventilation and antibiotic therapy.

Day 8 Electrical storm due to sustained episodes of

ventricular tachycardia (VT) in absence of

acute cardiac precipitating factors. Device de-

tection of sustained and non-sustained VT

episodes, started from the onset of COVID-

19-related symptoms.

Day 9 Substrate-based VT catheter ablation targeting

local abnormal ventricular activity (LAVA)

with a remote magnetic navigation system.

Days 10–14 Absence of VT recurrence. Third nasopharyn-

geal swab positive for SARS-CoV-2 infection.

Resolution of COVID-19 pneumonia.

Day 15 Discharge in home isolation.

Two months

after discharge

Absence of ICD shocks.
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..sedation. A transthoracic echocardiogram showed mid-range LV
dysfunction (LVEF 37%) and excluded the presence of LV thrombi.
According to European guidelines,12 catheter ablation was per-
formed under deep sedation the day after, with the patient afebrile
and mainly in sinus rhythm, with persistence of sporadic non-
sustained VT episodes (Figure 3A and B). Three different ultrasound-
guided venous accesses were obtained: two in the right femoral vein
and one in the left femoral vein. A 10-pole catheter (DecaNav,
Biosense Webster, Inc., Diamond Bar, CA, USA) was placed in the
coronary sinus, and an ultrasound imaging catheter (intracardiac
echocardiography, ICE, Acu-Nav, Acuson, Mountain View, CA, USA)
was advanced in the mid-right atrium, to guide transseptal puncture.
The electroanatomic CARTO3 mapping system (Biosense Webster,
Inc., CA, USA) was used to map the left ventricle in sinus rhythm
with a Pentaray catheter (Biosense Webster). The bipolar voltage
map showed a large ischaemic scar in the inferolateral LV wall. A
substrate-based ablation targeting local abnormal ventricular activity

(LAVA) was performed with a 3.5 mm tip magnetic irrigated radiofre-
quency catheter (NavistarVR RMT Thermocool, Biosense Webster)
and with a remote magnetic navigation system (NiobeTM,
Stereotaxis, Inc., St. Louis, MO, USA) (Figure 4). At the end of the ab-
lation procedure, non-inducibility of clinical VT by programmed ven-
tricular stimulation was confirmed.

During the subsequent hospital stay, continuous ECG monitoring
did not show further VT events. Repeated blood test showed
progressive CRP reduction, while the high-sensitivity troponin T level
remained negative (5 ng/L, normal values <15.0 ng/L). Despite clinical
improvement, a third nasopharyngeal swab resulted positive for
SARS-CoV-2 and the patient was finally diagnosed with COVID-19
pneumonia. Another chest radiograph showed a near-complete
resolution of pneumonia findings and she was discharged home to
self-isolate with the addition of amiodarone 200 mg/day and apixaban
5 mg b.i.d. During the first 2 months after discharge, the patient
remained asymptomatic, without further ICD interventions.

Figure 2 Chest radiograph with left pulmonary consolidation (arrow) in the left inferior lobe, suggestive for pneumonia. Anterior–posterior view
(A) and lateral view (B). Electrogram with sustained ventricular tachycardia interrupted by DC shock (C).
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Discussion

The spectrum of COVID-19 clinical manifestations is highly
variable, ranging from asymptomatic cases to SARS and cardiac
involvement.1–4 It is known that patients with pre-existing cardiovascu-
lar disease have worse outcomes,13,14 and some authors have
suggested that SARS-CoV-2 infection might be associated with myo-
cardial involvement and eventually with life-threatening ventricular
arrhythmias.15 Palpitations were reported in 7.3% of patients admitted
for COVID-19,16 while cardiac arrhythmias were noted in 44.4% of
severely ill hospitalized COVID-19 patients,2 although no specific

data regarding the type of arrhythmia were reported. To date,
this kind of presentation with atypical pneumonia, later proved to
be COVID-19 related, associated with concurrent VT storm as the
presenting manifestation of cardiac involvement has never been
reported.

We considered that the patient was suffering from SARS-CoV-2
infection from admission, since RT–PCR on nasopharyngeal swabs is
prone to have false-negative results,17,18 and cases of patients with
suspected COVID-19 who ‘turn positive’ have been described.19

However as stated by Xiao et al.,20 some patients may experience
false-negative RT–PCR results or prolonged viral clearance despite

Figure 3 Left anterior oblique (LAO) fluoroscopic view during radiofrequency catheter ablation (A). Non-sustained ventricular tachycardia
episode with clinical morphology during the catheter ablation procedure (B).

Figure 4 Three-dimensional bipolar voltage map of the left ventricle (LV) showing a low voltage scar in the inferolateral wall. Red regions repre-
sent scar (bipolar voltage 0.5 mV), and purple regions represent normal myocardium (bipolar voltage 1.5 mV). Other regions represent abnormal
myocardial regions (bipolar voltage between 0.5 and 1.5 mV). Red and pink dots (VisiTag) represent radiofrequency pulses. Green and blue dots
represent local abnormal ventricular activity (LAVA) points tagged with a Pentaray catheter (right) or ablation catheter (left), respectively.
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clinical improvement or radiological resolution of pneumonia, rather
than simply ‘turning positive’.

Despite the history of pre-existing CAD, the patient had never
experienced sustained VAs as documented by ICD interrogations,
suggesting the role played by SARS-CoV-2 infection as a potential
arrhythmogenic trigger. This finding can be corroborated by
the detection of mildly symptomatic sustained/non-sustained VT
episodes from symptom onset,�20 days before admission. The mech-
anisms of cardiac arrhythmias in COVID-19 patients may be multifac-
torial and may have not yet been completely understood. A cytokine
storm triggered by an imbalanced type 1 and type 2 T-helper cell
activity4, as well as hypoxia-induced intracellular calcium overload
leading to early afterdepolarization, may represent a major trigger of
reentrant VT in these patients,21,22 more than myocardial injury per se.

According to European guidelines, catheter ablation is recom-
mended (class I A) in patients with CAD and recurrent ICD shocks
due to sustained VT. Since the patient was not in stable VT after
metoprolol and amiodarone administration, we decided to perform
an extensive substrate-based ablation targeting LAVA23 which has
been proven to be feasible, safe, and associated with superior survival
free from recurrent VT.24,25 We used a remote magnetic navigation
system since it has been thought to be superior to manual navigation
for VT ablation (due to better contact force and stability),26,27 and in
order to minimize unnecessary exposure of the electrophysiology
laboratory staff to a likely COVID-19 patient.

Conclusion

Great attention is paid to respiratory failure in COVID-19 patients, but
the real prevalence of cardiovascular involvement in such patients may
be underestimated. To our knowledge, this is the first report describing
a VT storm that may have been triggered by SARS-CoV-2 infection,
underlining the complexity of the COVID-19 clinical profile. This case
highlights the role of cardiac electrophysiologists during the COVID-19
outbreak and might be helpful for the management of similar cases.
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