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Introduction/Epidemiology
Myocarditis refers to an inflammatory cardiac disorder secondary to 

various etiologies. Arrhythmic manifestations of myocarditis remain an 
evolving field, with continued understanding gaining traction regarding 
the arrhythmias seen not only during initial presentation, but during 
the entirety of active, prior, and remitting disease courses. The ongoing 
Covid-19 pandemic has led to an increased recognition of this clinical 
entity in routine practice. Arrhythmias in patients with myocarditis can 
manifest primarily or in combination with structural heart disease/LV 
dysfunction1, 2. Noninfectious causes of myocarditis such as Giant Cell 
Myocarditis (GCM) and Cardiac Sarcoid (CS) also appear to have a 
higher predominance of arrhythmias3. Given that myocarditis itself is 
underdiagnosed and therefore underrepresented, the overall prevalence 
based on post-mortem assessment is highly variable and rages from 9%-
44% 3. Isolated pericardial involvement (i.e. pericarditis), or combined 
myocardial and pericardial inflammation (i.e. myopericarditis) have 
much lower rates or arrhythmic presentations, and if so, these tend to 
be more supraventricular in origin 3. Bradyarrhythmias or any degrees 
of atrioventricular block tend to be rare, and if so, seem to have a higher 
predilection in GCM or CS. Ventricular Arrhythmia of wide spectrum, 
however are more commonly seen in viral or idiopathic myocarditis with 
up to 63% of patients with acute myocarditis presenting with premature 
ventricular contractions (PVC’s), and 61% presenting with either 

ventricular tachycardia (VT) or non-sustained ventricular tachycardia 
(NSVT) 4. Given that they arise from a multitude of pathophysiology 
not completely understood, their management continues to evolve4. In 
this review, we expand on our current understanding of management 
of ventricular arrhyhtmias in patients with myocarditis. 

Pathophysiology
Several mechanisms of inflammatory injury, dysfunction, 

and electrical instability have been proposed 3. Each suspected 
pathophysiology can be further categorized based on their occurrence 
within the disease process during the 3 phases of myocarditis: 1.) viral 
replication (in infectious causes), 2.) direct myocardial inflammation 
and/or adaptive autoimmune response, and 3.) persisting, chronic 
inflammation leading to cardiomyopathy 2. 

Etiologies of arrhythmia during the first phase of myocarditis include 
direct cytotoxic damage involving myocyte membrane breakdown with 
resultant electrical instability and microvascular injury resulting from 
endothelial dysfunction/tropism (Parvo B19, Covid) which often occur 
during viral replication and the initial stages of acute inflammation 2, 3, 5. 

During the second phase involving direct damage from inflammation 
and/or autoimmune response, gap junction impairment and resultant 
ion channel disruption specifically by alteration of connexins in the 
myocardium have been seen in Coxsackievirus2, 3, 5. Additionally, further 
cellular metabolic disturbances such as calcium ion channelopathies 
occur2, 3, 5. Autoimmunity with antimyosin autoantibodies have also 
been detected, and have been associated with worsening LV systolic 
function in their presence 6. In noninfectious etiologies, autoimmune 
deposition and changes (i.e. granulomas) can cause myocardial “mass 
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effect” and infiltration in addition to autoimmune cross-reactivity3. This 
phase can also exhibit more severe ischemia and vasculitis, leading to 
ischemic and inflammatory arrhythmia substrate 2, 3. 

In longer term, more chronic stages of inflammation, subsequent 
fibrosis, hypertrophy, and scar formation lead to resultant reentry 
circuits that have been implicated in both ventricular Arrhythmia, as 
well as increased risk of sudden cardiac death (SCD)2, 5. 

Overall, the first 2 stage encompass the “hot” stage of myocarditis, 
or the stage consisting of either active or fulminant infection, with the 
3rd stage of chronic inflammation being classified as the “cold” stage 
4. Both stages pose their own risks of ventricular arrhythmias, leading 
to long-term implications and therefore, long term monitoring and 
follow-up as well 4. 

Diagnosis
Diagnosis of myocarditis itself is often done in the setting of high 

clinical suspicion for infectious/noninfectious causes, and more recently 
the understanding that an inciting infection may have occurred not 
only days to weeks but even months to years prior makes it difficult to 
often isolate a certain virus or pathogen5, 7. Although conventionally 
the gold standard for diagnosis is endomyocardial biopsy, it is invasive, 
and often requires some guidance to ensure areas of inflammatory 
involvement are biopsied, and therefore if performed at all, it is usually 

done after imaging with newer but increasingly available modalities 
such as Cardiac MRI (CMRI) or 18 Fluorodeoxyglucose positron 
emission tomography–computed tomography (18FDG-PET)8. It is 
important to note that specific forms of myocarditis such as GCM, 
CS, or eosinophilic myocarditis require EMB for adequate diagnosis 
8.CMRI gives a better ability to assess for prior or chronic inflammation, 
scar, and fibrosis, whereas FDG-PET provides the ability to assess for 
active/ongoing inflammation, and their utilization in conjunction can 
be synergistic due to this 9. 

These imaging modalities have been more sensitive and specific to 
ensure adequate diagnosis of inflammation and can provide insight 
to areas of involvement if biopsy is pursued after imaging. Regarding 
diagnosis of Arrhythmia, baseline changes in ECG’s are inconsistent 
and nonspecific, and Arrhythmia themselves are paroxysmal therefore 
continuous monitoring may be required to diagnose them, understand 
their characteristics, and assess their burden3. 

Ventricular Arrhythmia: Presentation and Clinical Implications
Ventricular Arrhythmia seen in patients with underlying myocardial 

inflammation often pose the highest predictor of morbidity/mortality, 
given that they encompass VT/VF, a significant cause of sudden cardiac 
death (SCD), as well as both NSVT and monomorphic/polymorphic 
PVC’s, which are associated with increased cardiovascular mortality 
4. Furthermore, not only does the inflammation itself often lead to 
nonischemic cardiomyopathy (NICM) or dilated cardiomyopathy 
(DCM), but the Arrhythmia themselves can contribute to this either 
in the form of tachycardia induced cardiomyopathy (CM) or PVC 
induced CM 10. 

Lakkireddy et al sought to evaluate patients in whom PVC’s was the 
main presenting finding of underlying myocarditis in the MAVERIC 
registry, initially testing 107 patients with burdensome PVC’s 
(>5000/24hr) and finding that 51% of these patients had underlying 
myocardial inflammation via 18FDG-PET imaging 7. This is most 
notable for 3 main reasons: 1. even symptomatic and frequent PVC’s are 
relatively common, and often either treated medically or with ablation 
without much workup to rule out myocardial inflammation, 2. Most 
patients did not have a correlating prior viral infection that could be 
linked to their myocarditis but rather a “silent” inciting event, and 
3. There were almost no noticeably significant differences in patient 
characteristics between the patients with positive and negative PET 
findings 7. 

Regarding the distribution of ventricular arrhythmias further, Peretto 
et al evaluated 185 patients with myocarditis, either active or prior and 
found an overall distribution of 32% sustained VT, 43% NSVT, and 
100% PVC among their cohort 4. Pavlicek et al evaluated a total cohort 
of 191 patients with either acute or chronic myocarditis or DCM 
secondary to myocarditis, and found that 50% of all ICD implantation 
was due to the presence of VT alone 11. Persisting acute inflammation 
itself has a defining role in manifesting as ventricular arrhythmias as 
seen by the MAVERIC Registry, and this is compounded by Peretto 
et al when multivariate analysis showed acute myocarditis as the main 
predictor of VT recurrence. Interestingly, t resolution of myocardial 
inflammation does not equate to resolution of arrhythmogenesis, and 
continued fibrosis, remodeling, and scar formation can continue to 

Figure 1: Myocarditis Management Strategies.
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potentiate existing and new arrhythmogenesis 7, 12. Peretto et al further 
characterized the morphologies of various arrhythmias in acute and 
chronic myocarditis, finding that acute myocarditis more commonly 
manifested as irregular and polymorphic VT and PVC’s, likely 
attributing to multiple areas of inflammation and electrical activity, 
whereas chronic/prior myocarditis was more likely to manifest as 
monomorphic VT/PVC’s, likely a representation of more well defined 
scar formation with re-entry 4. 

Casella et al further evaluated the association between scar formation 
and ventricular arrhythmogenesis in patients with prior myocarditis, 
given that similar scar formation is often seen in NICM of other 
etiologies, by initially using CMRI and electroanatomical 3D mapping 
13. 44% of a total 144 patients with prior myocarditis had evidence of 
scar, with 42% eventually undergoing catheter ablation (CA) 13. Of the 
patients that underwent CA, 77% experienced ventricular Arrhythmia 
free survival, therefore potentiating underlying scar formation from 
previous myocardial inflammation as both a predictor as well as 
substrate for continued VT/VF as well as SCD 13.

Infectious Myocarditis: Acute or “Hot” Inflammation 
Acute myocarditis itself is characterized by cytotoxic damage, 

channelopathies, and depending upon the time course autoimmune 
mediated damage as well 2, 5. This manifests as often patchy or 
widespread inflammation originating from multiple regions as the 
areas involved are ill-defined as opposed to chronic myocarditis which 
can have scar formation and clear borders with Arrhythmia originating 
from more specific locations; accordingly, polymorphic and irregular 
VT as well as polymorphic, burdensome PVC’s are more common in 
this stage4, 7. This stage itself often has a diagnostic delay as ischemic 
workup precedes myocarditis workup, and high clinical suspicion is 
required if ventricular arrhythmias or acute NICM and heart failure 
are the presenting manifestations. Prompt diagnosis and treatment is 
vital in this stage to prevent chronic, more insidious manifestations of 
myocarditis as detailed below 14. It is important to note that while this 
stage of active inflammation may serve as the most arrhythmogenic, 
symptomatic stage, treatment or self-resolution of the myocardial 
inflammation itself does not necessarily associate with a decreased risk 
of SCD or persisting ventricular arrhythmias 3.

Infectious Myocarditis: Chronic/Prior or “Cold” Inflammation
Given the continued underdiagnosis of myocarditis, chronic effects 

including DCM, NICM, and persisting LV systolic dysfunction also 
continued to be underreported. Peretto et al have reported that nearly 
2/3 of LV dysfunction from an unknown source can be attributed to 
underlying myocardial inflammation, and while they state myocarditis 
makes up 10% of all patients with DCM, Sagar et al have estimated 
this to be nearly 40% of all patients with DCM3, 5.  The true number is 
likely higher, however multiple factors are likely contributing to this. 
Inflammatory wall stress leading to dilation via thinning and expansion 
of the involved tissue, interspersed fibrosis, and hypertrophy of the 
uninvolved tissue in compensation occurs in a similar fashion to those 
seen in myocardial infarctions, and this may not always improve even 
after the initial inflammation resolves 10. Furthermore, microvascular 
ischemia, vasculitis, and channelopathies leading to tachycardia induced 
CM can also contribute to continued or worsening CM and LV 
dysfunction 2. As stated above, scar related ventricular arrhythmias also 

play a large role in persisting arrhythmogenesis in the late stage. Cross-
reactivity and autoantibodies, which can play a role in both hot and cold 
stages of myocarditis can in fact play a role in both LV dysfunction and 
arrhythmogenesis if β-1 receptor cross-reactivity and autoantibodies 
are involved, as has been isolated in cases with enterovirus 15. This leads 
to autonomic imbalance with propensity towards sympathetically 
driven tachyarrhythmias, PVC’s and associated cardiomyopathies 
as well 15. Finally, although not widely endemic, Chaga’s disease has 
a particularly pathologic disease course with nearly 1/3 of all cases 
progressing to both DCM as well as ventricular arrhythmias 3. 

Noninfectious Myocarditis
Noninfectious etiologies of myocarditis encompass many forms 

of autoimmune systemic diseases, as well as large and medium vessel 
vasculitis, with most common culprits being GCM, CS, eosinophilic 
myocarditis, systemic sclerosis, and spondyloarthropathies 3. These 
diagnoses, while being often more uncommon in isolation compared to 
infectious causes, often require both imaging and biopsy for diagnosis, 
and should always involve a joint approach with a rheumatologist 
14. With cardiac sarcoidosis, only 55% of patients diagnosed have 
extracardiac manifestations, and therefore arrhythmic manifestations or 
infiltrative cardiomyopathy may be the sole presenting finding 14. GCM 
is particularly uncommon, however given its tendency to afflict young 
individuals and its often-fatal progression, has important distinction, 
and must be diagnosed and treated promptly 14. Both GCM and CS are 
indications for ICD placement even in patients with LVEF of >35% 
given their prognosis if left untreated 8, 16.

Management
Initial management of myocarditis, regardless of type continues to 

remain supportive, with medical therapy for management of acute/
chronic heart failure 3. Despite the presence of multiple Arrhythmia, 
treatment with antiarrhythmic drugs is often trialed but with variable 
success, and norecommendations for specific drug therapy have been 
conventional3. Much of the long-term treatment strategy falls into 2 
categories: 1. treatment of underlying inflammation and Arrhythmia, 
and 2. Prevention of SCD3, 8, 16. 

Immunosuppressive therapy
Despite their role in pericarditis, NSAID’s and or Colchicine 

have no supported evidence or role in the treatment of myocarditis 
16. Immunosuppressive therapy has shown considerable promise 
for treatment of myocardial inflammation, with the MAVERIC 
Registry consisting of 83.6% of patients who were treated with 
immunosuppressive therapy or immunosuppressive therapy + catheter 
ablation, and this yielding a 67% optimal response to therapy 7. 
Immunosuppressive therapy varies between prior trials with no definite 
treatment regimen at this time but can range from either high-dose 
prednisone (40mg daily) to low-dose prednisone (10mg daily) alone 
or in combination with low-dose methotrexate 7, 8. Treatment courses 
often run for 3 months before reevaluation is warranted. Careful pre-
treatment workup should precede initiation of immunosuppressive 
therapy7. Treatment with immunosuppressive therapy often requires a 
multidisciplinary effort involving a rheumatologist (and/or Heart failure 
specialist, pharmacist, etc.) and other forms of immunosuppressive 
therapy such as Rituximab, mycophenolate, or treatment of underlying 
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autoimmune/vasculitis disorders also must be conducted with a 
multidisciplinary team as well 7. 

Catheter Ablation
Patients with worsening arrhythmias and/or clinical deterioration 

are candidates for anti-arrhythmic drug therapy and  catheter ablation 
(CA)7.  Given the potential reentry circuits formed as well as scar 
formation associated with both acute and chronic myocarditis, this 
yields the substrate for persisting ventricular arrhythmias (both VT 
and PVC)’s and may require CA for absolute resolution 4, 7. Peretto et 
al have shown that CA during the acute stage of myocarditis may yield 
in VT recurrence, whereas CA during chronic/prior myocarditis yields 
more resolution, and should be preferred when possible 12. 

Implantable cardiac defibrillator (ICD)
Among all patients with myocarditis, multiple studies have seen a 

range of 23.6-30% ICD placement either for persisting LV dysfunction 
or presence of VT 7, 11. Overall, persistent LV dysfunction with LVEF 
<35% similar to that seen in heart failure with reduced ejection fraction 
or ischemic heart disease continues to be an indication for ICD 
placement for SCD prevention, especially in the setting of treatment 
with either immunosuppressive therapy, Ablation, or both 16. Specific 
parameters associated with worse outcomes also have indications for 
early ICD placement regardless of LVEF of VT, namely, presence 
of second degree atrioventricular block or higher, GCM, or CS 16. 
Finally, much like in ischemic heart disease, presence of any degree of 
sustained VT/VF also remains an indication for ICD placement for 
SCD prevention 16. Of note, participation in competitive sports should 
be halted until at least 3-6 months after myocardial inflammation is 
first diagnosed 3. 

Conclusion
The characterization and management of ventricular arrhythmias 

in myocarditis is complex, and it involves a heightened clinical 
suspicion, the ability to understand both the short-term and long-
term prognostication, and prompt treatment to ensure the best clinical 
outcomes.
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