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ABSTRACT
Objective  Incidence and severity of acute myocarditis 
vary significantly in previous reports and there is a lack 
of epidemiological studies on the short-term risks of 
mortality, heart failure and ventricular arrhythmias in 
patients with acute myocarditis. Therefore, study aims 
were to examine 90-day risks of mortality, heart failure 
(HF) and ventricular arrhythmias in patients with acute 
myocarditis in comparison to age-matched and sex-
matched background population controls.
Methods  In this nationwide register-based follow-up 
study of patients hospitalised with myocarditis between 
2002 and 2018 in Denmark, 90-day risks of all-cause 
mortality, HF, ventricular arrhythmias (ventricular 
tachycardia, ventricular fibrillation (VF)), cardiac arrest and 
implantable cardioverter-defibrillator (ICD) implantation 
were compared with age-matched and sex-matched 
controls from the background population (1:5 matching). 
Absolute risks standardised to the age, sex and 
comorbidity distribution of the entire study population 
were derived from multivariable Cox regression.
Results  A total of 2523 patients hospitalised with 
myocarditis were included. Median age was 48 years (Q1–
Q3: 30–69) and 67.7% were men. Comorbidity burden was 
more pronounced among patients with myocarditis relative 
to controls. Standardised 90-day all-cause mortality risk 
was 4.9% for patients with acute myocarditis versus 
0.3% for controls (p<0.001). Ninety-day standardised 
risks for other endpoints were 7.5% versus 0.1% for 
HF, 1.9% versus <0.1% for VF/VF/arrest risk and 1.6% 
versus <0.1% for ICD implantation (all p<0.001).
Conclusions  In this large nationwide register-based 
follow-up study, patients hospitalised with myocarditis 
had significantly higher 90-day risks of all-cause 
mortality, HF, ventricular arrhythmias, cardiac arrest and 
ICD implantation compared with background population 
controls.

INTRODUCTION
Myocarditis is an inflammation of the myocar-
dium, primarily affecting young and other-
wise healthy individuals, although it may also 
appear in patients with a history of cardiovas-
cular disease.1 Its clinical presentation spans 

from almost asymptomatic patients, with 
mild palpitations or chest pain, to cardiovas-
cular collapse and death.2 In its mild form, 
myocarditis often resolves without any treat-
ment. However, in its more fulminant form, 
it may account for up to 42% of the events 
of sudden cardiac death among young, often 
athletic, individuals.3–5 Patients who survive 
have an increased risk of arrhythmias, dilated 
cardiomyopathy and death compared with 
the general population.6–9 Autopsy reports 
estimate an incidence of acute myocar-
ditis ranging from 0.1% to up to 10%.3 10–12 
Given a lack of epidemiological studies, and 
because estimates of incidence and severity 
of acute myocarditis vary significantly, we 
investigated short-term (90-day) risks of 
mortality, heart failure (HF) and ventricular 
arrhythmias (ventricular tachycardia (VT), 

Key questions

What is already known about this subject?
►► Incidence and severity of acute myocarditis vary 
significantly in previous reports and there is a lack 
of epidemiological studies on the short-term risks of 
mortality, heart failure and ventricular arrhythmias in 
patients with acute myocarditis.

What does this study add?
►► In this large nationwide register-based follow-up 
study of 2523 patients hospitalised with myocardi-
tis, 90-day risks of all-cause mortality, heart failure, 
ventricular arrhythmias, cardiac arrest and implant-
able cardioverter-defibrillator implantation were sig-
nificantly higher when compared with background 
population controls.

How might this impact on clinical practice?
►► These findings suggest that patients with acute 
myocarditis may benefit from careful diagnostic 
work-up including cardiac monitoring in the early 
phase after diagnosis. Further studies focusing on 
risk stratification for these patients are warranted.
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ventricular fibrillation (VF), cardiac arrest and implant-
able cardioverter-defibrillator (ICD) implantation 
procedures) in patients hospitalised with myocarditis in 
Denmark between 2002 and 2018 and compared with 
age-matched and sex-matched population controls using 
a nationwide registry-based follow-up design.

METHODS
Data sources and study population
This nationwide registry-based follow-up study is based 
on The Danish Civil Registration System containing all 
registered Danish citizens, their unique personal identi-
fication numbers, sex, date of birth and date of death.13 
This registry can be used to link data to other nationwide 
administrative databases. The Danish National Patient 
Register was used to include all patients between 2002 
and 2018 with a first-time hospitalisation with a myocar-
ditis diagnosis, either as a primary or a secondary diag-
nosis with a primary diagnosis of HF, VT/VF/arrest, ICD 
implantation or atrial fibrillation or flutter (AF).14 These 
secondary diagnoses were chosen as the clinical presenta-
tion of acute myocarditis may involve HF, VT/VF/arrest, 
AF and/or lead to ICD implantation. The acute myocar-
ditis population was age-matched and sex-matched to 
population controls, without a diagnosis of prior acute 
myocarditis, in a 1:5 ratio.

Diagnostic work-up for acute myocarditis
The Danish National Patient Register was used to obtain 
data on pre-existing medical conditions, medical exam-
inations and hospital and outpatient contacts including 
relevant diagnoses, procedures and surgical codes. The 
diagnostic work-up for acute myocarditis includes echo-
cardiography and although we did have data on whether 
coronary CT angiography (CCTA), coronary angiogram 
(CAG), positron emission tomography CT (PET-CT), 
endomyocardial biopsy (EMB) and cardiac MRI (CMR) 
additionally were performed, results of all these investi-
gations including echocardiography, as well as ECG and 
cardiac biomarkers (troponins) were not available from 
the registry. The role of CCTA and CAG in the diagnostic 
work-up was to rule out ischaemic heart disease. Diag-
nostic work-up was assessed in a 30-day time span both 
prior to and 30 days after the diagnosis of acute myocar-
ditis. Furthermore, data on mortality at follow-up were 
collected in relation to each diagnostic work-up. As CMR 
was first introduced as a diagnostic tool in Denmark in 
2007, the number of performed CMRs relative to other 
examinations was expected to be low.

Other study variables
In addition to patient age and sex, prior cardiac proce-
dures including percutaneous coronary intervention 
(PCI), coronary artery bypass grafting (CABG) and ICD 
implantations as well as the following comorbid condi-
tions were assessed within the last 5 years prior to the 
acute myocarditis index date using the Danish National 
Patient Registry: hypertension, diabetes, chronic 

obstructive pulmonary disease (COPD), prior myocardial 
infarction (MI), prior ischaemic heart disease (IHD), AF, 
stroke, peripheral artery disease (PAD), prior HF, prior 
VT/VF, cardiac arrest and chronic kidney disease (CKD). 
Hypertension, diabetes and COPD were defined as 
either a relevant diagnosis code or relevant and specific 
prescription medication within the last 180 days prior 
to the acute myocarditis index date using data from the 
Danish Prescription Registry.15 As done previously, the 
prescription medication definition of hypertension was 
redemption of at least two antihypertensive drugs in two 
consecutive quarters prior to study inclusion.16

Outcomes
The primary outcome was 90-day all-cause mortality. 
Secondary outcomes were 90-day presumed cardiovas-
cular cause of death and 90-day risks of HF, a composite 
of VT or VF or cardiac arrest (VT/VF/arrest) and ICD 
implantation. Cardiac arrest was defined as a diagnosis 
made in the hospital and registered in The Danish 
National Patient Register.

Statistical analysis
Continuous data are presented as median and first to 
third quartiles (Q1–Q3) and categorical data as counts 
and percentages. Mann-Whitney and Pearson’s χ2 tests 
were performed to report crude between-group differ-
ences. Kaplan-Meier and Aalen-Johansen estimators were 
calculated to present crude absolute risks of mortality 
and outcomes of HF, a composite of VT or VF or cardiac 
arrest (VT/VF/arrest) and ICD implantation. Adjusted 
HRs and absolute risks for patients with acute myocarditis 
versus population controls standardised to the age, sex 
and comorbidity distribution of the entire study popula-
tion were derived from multivariable Cox regression.17 
Standardisation ensures that when patients with myocar-
ditis are compared with population controls, all covari-
ates including age, sex and comorbidities are held equal 
between the two comparison groups. The following covar-
iates were included in the models: age, sex, hypertension, 
diabetes, COPD, prior MI, prior IHD, PCI, CABG, stroke, 
PAD, AF, HF, prior VT/VF/arrest and CKD. Sensitivity 
analyses were performed on patients <60 years since a 
prior study showed that the diagnostic accuracy of acute 
myocarditis from the Danish National Patient Registry 
was high in this age group.18 Since IHD is a potential 
differential diagnosis to myocarditis, a sensitivity analysis 
in which MI or revascularisation events were treated as 
competing risks were additionally performed to exclude 
that outcome events were driven by IHD. Two-sided p 
values <0.05 were considered statistically significant. Data 
management and analyses were performed using SAS, 
V.9.4 and R, V.3.6.1.19

Patient consent and ethical approval
According to Danish legislation, ethical committee 
approval or patient consent is not required for the 
conduct of register-based studies. In compliance with the 
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General Data Protection Regulation, the data responsible 
institute in the Capital Region of Denmark has approved 
the use of the data sources for research purposes 
(approval number P-2019–404).

RESULTS
Patients, characteristics and diagnostic work-up
A total of 15 138 subjects were included, 2523 in the acute 
myocarditis group and 12 615 in the control group. Of 
the 2523 patients hospitalised with myocarditis, 2104 had 
a primary diagnosis of myocarditis and 419 had a diag-
nosis of myocarditis secondary to HF, VT/VF/arrest, ICD 
device implantation or AF. Median age of patients with 
acute myocarditis was 48 years (Q1–Q3: 30–69 years) and 
approximately two-thirds were men (67.7%). The distri-
bution of comorbidities in patients with acute myocarditis 
and population controls is listed in table  1. Diagnostic 
studies performed for patients with acute myocarditis are 
shown in table 2. Approximately 45% and 5% underwent 
CAG and CCTA, respectively, to rule out IHD as part of the 
diagnostic work-up. During 2002–2007, 33 of 796 (4.2%) 
patients underwent either CMR (n=3) or EMB (n=30), 

whereas 250 of 1727 (14.5%) underwent EMB (n=68) 
and/or CMR (n=211) during 2008–2018. EMB use was 
stable over time, with 30 procedures recorded during 
2002–2007 (3.8%) versus 68 (3.9%) during 2008–2018. 
CMR was performed in 3 (0.4%) patients during 2002–
2007 and in 211 (12.2%) patients during 2008–2018. In 
total, only nine patients (0.4%) underwent PET-CT.

Outcomes for patients with acute myocarditis versus 
population controls
Relative to population controls, patients with acute 
myocarditis had significantly higher crude incidences of 
all-cause mortality, HF, VT or VF or cardiac arrest and 
ICD implantation within 90 days of follow-up (figure 1). 
These differences remained significant when standard-
ising the absolute risks to the age, sex and comorbidity 
distribution of the entire study population: 90-day all-
cause mortality risks of 4.9% versus 0.3%, 90-day HF risks 
of 7.5% versus 0.1%, 90-day VF/VF/arrest risks of 1.9% 
versus <0.1% and 90-day ICD implantation risks of 1.6% 

Table 1  Characteristics for patients with acute myocarditis 
versus age-matched and sex-matched population controls

Variable

Patients 
with acute 
myocarditis

Population 
controls

P value(n=2523) (n=12 615)

Age, median (Q1–Q3) 49 (30–69) 48 (30–69) 0.98

Male sex, n (%) 1709 (67.7) 8545 (67.7) >0.99

Hypertension, n (%) 804 (31.9) 2019 (16.0) <0.001

Diabetes, n (%) 194 (7.7) 301 (2.4) <0.001

COPD, n (%) 165 (6.5) 223 (1.8) <0.001

Prior MI, n (%) 184 (7.3) 145 (1.1) <0.001

Prior IHD, n (%) 396 (15.7) 444 (3.5) <0.001

Prior PCI, n (%) 58 (2.3) 93 (0.7) <0.001

Prior CABG, n (%) 23 (0.9) 32 (0.3) <0.001

AF, n (%) 373 (14.8) 318 (2.5) <0.001

Stroke, n (%) 114 (4.5) 233 (1.8) <0.001

PAD, n (%) 80 (3.2) 123 (1.0) <0.001

Prior AV block, n (%) 35 (1.4) 37 (0.3) <0.001

Prior HF, n (%) 324 (12.8) 165 (1.3) <0.001

Prior VT/VF/arrest, n (%) 45 (1.8) 18 (0.1) <0.001

Prior ICD, n (%) 40 (1.6) 10 (0.1) <0.001

CKD, n (%) 72 (2.9) 86 (0.7) <0.001

Q1–Q3: first–third quartile (25%–75%).
AF, atrial fibrillation or flutter; AV, atrioventricular; CABG, coronary 
artery bypass grafting; CKD, chronic kidney disease; COPD, 
chronic obstructive pulmonary disease; HF, heart failure; ICD, 
implantable cardioverter-defibrillator; IHD, ischaemic heart 
disease; MI, myocardial infarction; PAD, peripheral artery disease; 
PCI, percutaneous coronary intervention; ; VF, ventricular 
fibrillation; VT, ventricular tachycardia.

Table 2  Diagnostic work-up, advanced in-hospital 
treatment and selected post-discharge medications for the 
2523 patients with acute myocarditis

Variable n (%)

Diagnostic modality

 � CCTA 144 (5.7)

 � CAG 1137 (45.1)

 � PET-CT 9 (0.4)

 � CMR 214 (8.5)

 � EMB 98 (3.9)

 � PET-CT or CMR or EMB 285 (11.3)

 � CMR or EMB 283 (11.2)

In-hospital advanced care

 � ICU admission 182 (7.2)

 � Inotropic agent use 112 (4.4)

 � ECMO 16 (0.6)

 � IABP 9 (0.4)

 � T-LVAD 4 (0.2)

Post-discharge medication

 � NSAID 455 (18.0)

 � Colchicin 45 (1.8)

 � Steroid 133 (5.3)

 � ACEi/ARB 658 (26.1)

 � Beta-blocker 761 (30.2)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-
II receptor blocker; CAG, coronary angiogram; CCTA, coronary 
CT angiography; CMR, cardiac magnetic resonance; ECMO, 
extracorporeal membrane oxygenation; EMB, endomyocardial 
biopsy; IABP, intra-aortic balloon pump; ICU, intensive care unit; 
NSAID, non-steroidal anti-inflammatory drug; PET-CT, positron 
emission tomography CT; T-LVAD, temporary left ventricular assist 
device.
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versus  <0.1% (figure  2). The corresponding HRs are 
shown in figure 3.

Ventricular arrhythmic events among patients with 
myocarditis
Among the 2523 patients with myocarditis, 54 (2.1%) had 
an arrhythmic event of either VT/VF or cardiac arrest 
within 90 days of follow-up. Of these 54 cases, 12 (22.2%) 
died within 90 days of follow-up and 23 (42.6%) had an 
ICD implanted within 90 days of follow-up. Among 57 
(2.3%) of the patients with myocarditis who had an ICD 
implanted within 90 days, the 23 patients with a VT/VF/
arrest event represented 38.3% of all who had an ICD 
implanted.

Sensitivity analyses of patients below 60 years of age
A total of 1445 patients with acute myocarditis and 
7225 controls formed the basis for the sensitivity anal-
yses of patients <60 years of age. Although overall event 
rates were lower compared with the complete study 
population, the risks remained significantly higher for 
patients with acute myocarditis relative to controls, with 
90-day mortality risks of 1.1% (95% CI 0.5% to 1.7%) 

versus <0.1% (p<0.001), 90-day HF risks of 5.8% (95% CI 
4.6% to 7.1%) versus <0.1% (p<0.001), 90-day VT/VF/
arrest risks of 1.5% (95% CI 0.8% to 2.2%) versus <0.1% 
(p<0.001) and 90-day ICD implantation risks of 1.7% 
(95% CI 1.0% to 2.4%) versus <0.1% (p<0.001).

Other sensitivity analyses
All-cause mortality in relation to whether specific diag-
nostic studies were performed is shown in table 3. Patients 
who underwent EMB had significantly higher mortality, 
potentially indicating a more severe disease course of 
the myocarditis condition. Standardised absolute risks 
of the study outcomes among patients with myocarditis 
diagnosed before versus after increasing availability and 
use of CMR (years 2002–2007 vs 2008–2018) are shown 
in table  4. The standardised absolute 90-day VT/VF/
arrest risk was significantly lower in 2008–2018 versus in 
2002–2007, with 1.6% versus 3.3%. Results from analyses 
of the 90-day HF risk in patients with acute myocarditis 
on exclusion of patients with prior HF (6.8% for patients 
with acute myocarditis versus <0.1% for controls), as well 
as results from analyses of the 90-day risk of VT/VF/

Figure 1  Crude 90-day outcomes of all-cause mortality, HF, ventricular arrhythmias and ICD implantation. HF, heart failure; 
ICD, implantable cardioverter-defibrillator; VF, ventricular fibrillation; VT, ventricular tachycardia.
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arrest in patients with acute myocarditis without prior 
VT/VF/arrest (1.8% for patients with acute myocarditis 
versus <0.1% for controls) were comparable to the main 
study findings. Outcomes when MI or revascularisation 
events during the 90-day follow-up period were consid-
ered competing risks were comparable to the overall 
results and can be found in figure 4.

DISCUSSION
This Danish nationwide registry-based study showed that 
90-day incidences of all-cause mortality, HF, ventricular 
arrhythmias, cardiac arrest and ICD implantation were 
significantly higher among patients with acute myocar-
ditis compared with controls. This may entail a more 
careful diagnostic work-up and monitoring strategy in 
the early phase after diagnosis of acute myocarditis to 
identify patients at high risk for incident cardiovascular 
events.

There are a very limited numbers of study with large 
data who have investigated the incidence of adverse 
cardiovascular events after acute myocarditis. There is 
a wide variability in the incidences of adverse cardiovas-
cular outcomes among patients with acute myocarditis. 
As an example, reported incidences of dilated cardiomy-
opathy among patients with histologically positive acute 
myocarditis have ranged between 14% and 50%.20 In a 
recent series of 174 patients with EMB (and thus Dallas 
criteria21) positive myocarditis, 17% suffered death or 
heart transplantation within the first 2 years.22 Moreover, 
a large Spanish national health service registry study 
(N=14 147) reported a 3% in-hospital mortality among 
patients admitted with acute myocarditis between 2003 
and 2015.23 This appears to be fairly compatible with our 
results considering that our study included follow-up 
data until 3 months post diagnosis. Part of the variability 
in outcomes is likely related to the heterogeneity of the 

myocarditis condition, with multiple underlying causes 
with distinct prognosis, warranting further investigation.

Complementing prior research,3–5 8 24 our study also 
suggests that acute myocarditis is a severe disease associ-
ated with a significantly increased short-term risk of death. 
Even though patients with acute myocarditis had more pre-
existing comorbidities compared with the age-matched 

Figure 2  Standardised 90-day absolute risks of all-cause 
mortality, HF, ventricular arrhythmias and ICD implantation. 
The reported absolute risks for patients with acute 
myocarditis versus population controls standardised to the 
age, sex and comorbidity distribution of all patients were 
derived from multivariable Cox regression. The following 
covariates were included in the models: patient age, sex, 
hypertension, diabetes, chronic obstructive pulmonary 
disease, prior myocardial infarction, prior ischaemic heart 
disease, percutaneous cardiac intervention, coronary artery 
bypass grafting, stroke, peripheral artery disease, atrial 
fibrillation or flutter, HF, prior ventricular VT/VF/arrest and 
chronic kidney disease. HF, heart failure; ICD, implantable 
cardioverter-defibrillator; VF, ventricular fibrillation; VT, 
ventricular tachycardia.

Figure 3  Adjusted HRs of 90-day all-cause mortality, HF, ventricular arrhythmias and ICD implantation for patients with 
acute myocarditis vs age-matched and sex-matched population controls. The multivariable Cox regression models included 
the following covariates: patient age, sex, hypertension, diabetes, chronic obstructive pulmonary disease, prior myocardial 
infarction, prior ischaemic heart disease, percutaneous cardiac intervention, coronary artery bypass grafting, stroke, peripheral 
artery disease, atrial fibrillation or flutter, HF, prior ventricular VT/VF/arrest and chronic kidney disease. HF, heart failure; ICD, 
implantable cardioverter-defibrillator; VF, ventricular fibrillation; VT, ventricular tachycardia.
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and sex-matched population controls in our study, the 
acute myocarditis population still had a significantly 
elevated mortality risk when standardising to the age, sex 
and comorbidity distribution of all individuals included. In 
this analysis, the 90-day mortality risk was 4.9% for patients 
with acute myocarditis versus 0.3% for the age-matched 
and sex-matched population controls. This emphasises 
the importance of rapid diagnosis and targeted manage-
ment to potentially improve survival. In addition to the 
increased mortality risk, risks of ventricular arrhythmias, 
cardiac arrest and ICD implantation were also substantially 
higher among patients with acute myocarditis relative to 
the population controls. Accordingly, in-hospital and addi-
tionally post-discharge cardiac monitoring of patients with 
acute myocarditis may aid in early arrhythmia detection 
to potentially prevent fatal outcomes. As for the increased 
short-term risk of HF, this may have clinical implications 

in the sense that early detection of left ventricular dysfunc-
tion would allow for earlier initiation of guideline-directed 
medical and device therapy.

EMB use was stable just below 4% throughout the study 
period. Although this seems low, use of EMB is limited in 
routine clinical practice and generally reserved for the 
most severe cases. This is also supported by our results, 
as we observed significantly higher event rates in patients 
who underwent EMB relative to those who did not. 
Several explanations may be provided for the limited use 
of EMB. First, acute myocarditis is usually associated with 
focal inflammation and may involve a region inaccessible 
by biopsy.25 Second, there seems to be poor agreement 
between observers.26 Finally, timely performance of EMB 
is important as the degree of inflammation may decrease 
over time, but this may not always be possible due to lack 
of facilities or adequate clinical expertise.

Table 3  Standardised 90-day all-cause mortality risks in relation to diagnostic work-up

Diagnostic modality

Diagnostic work-up Diagnostic work-up

P valuePerformed Not performed

CCTA, risk (95% CI) 3.9% (0.4% to 7.3%) 6.2% (5.2% to 7.1%) 0.21

CAG, risk (95% CI) 4.3% (3.0% to 5.6%) 7.4% (5.9% to 8.8%) 0.004

PET-CT, risk (95% CI) 0.0% (0.0% to 0.0%) 6.1% (5.1% to 7.0%) <0.001

CMR, risk (95% CI) 6.3% (1.4% to 11.3%) 6.1% (5.1% to 7.0%) 0.92

EMB, risk (95% CI) 15.1% (8.2% to 22.1%) 5.8% (4.9% to 6.7%) 0.009

PET-CT or CMR or EMB, risk (95% CI) 9.4% (4.9% to 13.9%) 5.9% (4.9% to 6.8%) 0.13

CMR or EMB, risk (95% CI) 9.5% (5.0% to 14.1%) 5.9% (4.9% to 6.8%) 0.13

Number of patients who had the specific diagnostic work-up modalities performed can be found in table 1, and the 
comparator consists of the acute myocarditis population (n=2523) minus the number of the patients who had the diagnostic 
modality performed. The reported absolute risks for patients with acute myocarditis versus population controls standardised 
to the age, sex and comorbidity distribution of all patients were derived from multivariable Cox regression. The following 
covariates were included in the models: patient age, sex, hypertension, diabetes, chronic obstructive pulmonary disease, 
prior myocardial infarction, prior ischaemic heart disease, percutaneous cardiac intervention, coronary artery bypass grafting, 
stroke, peripheral artery disease, atrial fibrillation or flutter, heart failure, prior ventricular tachycardia/ventricular fibrillation/
arrest and chronic kidney disease.
CAG, coronary angiogram; CCTA, coronary CT angiography; CMR, cardiac magnetic resonance; EMB, endomyocardial 
biopsy; PET-CT, positron emission tomography CT.

Table 4  Standardised 90-day risks in relation to periods 2008–2018 versus 2002–2007 among the 2523 patients with acute 
myocarditis

Outcome measure

2008–2018 2002–2007

P value(n=1727) (n=796)

All-cause mortality, risk (95% CI) 5.7% (4.6% to 6.8%) 6.8% (5.2% to 8.5%) 0.23

HF, risk (95% CI) 10.5% (9.0% to 11.9%) 9.4% (7.5% to 11.3%) 0.37

VT/VF/arrest, risk (95% CI) 1.6% (1.0% to 2.2%) 3.3% (2.0% to 4.5%) 0.018

ICD implantation, risk (95% CI) 2.5% (1.7% to 3.3%) 1.8% (0.9% to 2.7%) 0.25

The reported absolute risks of the outcomes for patients with acute myocarditis diagnosed during 2008–2018 versus 
during 2002–2007 standardised to the age, sex and comorbidity distribution of all patients were derived from multivariable 
Cox regression. The following covariates were included in the models: patient age, sex, hypertension, diabetes, chronic 
obstructive pulmonary disease, prior myocardial infarction, prior ischaemic heart disease, percutaneous cardiac intervention, 
coronary artery bypass grafting, stroke, peripheral artery disease, atrial fibrillation or flutter, HF, prior ventricular VT/VF/arrest 
and chronic kidney disease.
HF, heart failure; ICD, implantable cardioverter-defibrillator; VF, ventricular fibrillation; VT, ventricular tachycardia.
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Arrhythmias and sudden death

CMR use was limited prior to 2007, but its subse-
quent use in diagnosing acute myocarditis increased 
substantially. CMR is relatively safe and accessible, and 
has very high sensitivity, specificity and accuracy in 
diagnosing acute myocarditis.27 28 Applying the three 
proposed criteria by Friedrich et al of T2-weighted 
focal myocardial oedema, T1-weighted early gado-
linium enhancement suggesting hyperaemia and 
late gadolinium enhancement suggesting fibrosis or 
inflammation, identification of acute myocarditis by 
CMR is relatively accurate.28 However, there can be 
some technical limitations, and similar to EMB, timely 
performance is key for the accuracy in diagnosis. 
Interestingly, the recent focus on performing CMR in 
patients with MI and non-obstructive coronary artery 
disease also appears to have led to an increased detec-
tion of acute myocarditis.29 Furthermore, CMR could 
potentially be used for risk stratification into groups 
who are at risk of developing fatal cardiac complica-
tions, and those who are not.19–21 The studies in this 
field are limited, both in number of studies and of 
patients within the studies and should be a field of 
future research.

Strengths and limitations
Strengths of our study include the large sample size 
and the negligible loss to follow-up. The short-term 

risk assessment window increases the possibility of 
an underlying plausible and causal relation between 
the myocarditis condition and events. Limitations 
include the register-based, observational design and 
potential uncertainty regarding the myocarditis diag-
nosis, including the lack of results from the diag-
nostic work-up. Nevertheless, a diagnosis of acute 
myocarditis in the context of a CMR, a PET-CT or an 
EMB suggests high diagnostic certainty. The positive 
predictive value of acute myocarditis in the Danish 
National Patient Register was previously shown to 
be >80% for patients <60 years of age, but ≈65% for 
older patients.18 Although event rates were lower for 
patients <60 years of age, this sensitivity analysis still 
found significantly higher mortality risk for patients 
with acute myocarditis relative to population controls, 
and as such, results were in agreement with the overall 
study results. In addition, the 90-day mortality risk was 
significantly elevated among patients with myocarditis 
who were examined with an EMB, indicating on one 
hand a more severe disease condition but also under-
scoring the likely causal association between myocar-
ditis and fatal event risk. In continuation, staging of 
myocarditis including fulminant and non-fulminant 
conditions were otherwise not possible to define. 
Because myocardial ischaemia represents a common 
differential diagnosis of acute myocarditis, it was reas-
suring that results from analyses in which MI or revas-
cularisation events during the 90-day follow-up period 
were considered competing risks were comparable to 
the overall results. Lastly, and as pointed out in the 
methods section, the study lacks several important clin-
ical data and test results of troponins, ECGs (including 
QRS parameters), imaging modalities including echo-
cardiography (including left ventricular ejection frac-
tion), CMR, coronary artery status from CCTA and 
CAG and the actual EMB diagnosis and indication 
for ICD implantation. Nonetheless, the significantly 
elevated arrhythmic risk in the short run, which was 
consistent in younger patients with myocarditis, for 
whom the diagnostic performance of diagnosis coding 
has been shown to be of high quality, speaks towards 
a plausible link between myocarditis and an elevated 
arrhythmic risk. Future studies are needed to examine 
predictors of these adverse outcomes and the role and 
timing of cardiac monitoring to prevent these poten-
tially fatal events. An important aspect of such future 
studies involves identification of the underlying causes 
for risk stratification and adverse outcome prevention.

CONCLUSION
This large nationwide register-based follow-up study of 
patients with acute myocarditis showed that patients with 
acute myocarditis have increased 90-day risks of all-cause 
mortality, HF, ventricular arrhythmias, cardiac arrest and ICD 
implantation when compared with age-matched and sex-
matched background population controls. These findings 

Figure 4  Standardised 90-day absolute risks of all-cause 
mortality, HF, ventricular arrhythmias and ICD implantation, 
with myocardial infarction or revascularisation events 
during the 90-day follow-up period as competing risks. The 
reported absolute risks for patients with acute myocarditis 
versus population controls standardised to the age, sex 
and comorbidity distribution of all patients were derived 
from multivariable Cox regression. The following covariates 
were included in the models: patient age, sex, hypertension, 
diabetes, chronic obstructive pulmonary disease, prior 
myocardial infarction, prior ischaemic heart disease, 
percutaneous cardiac intervention, coronary artery bypass 
grafting, stroke, peripheral artery disease, atrial fibrillation or 
flutter, HF, prior ventricular VT/VF/arrest and chronic kidney 
disease. HF, heart failure; ICD, implantable cardioverter-
defibrillator; VF, ventricular fibrillation; VT, ventricular 
tachycardia.
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suggest that patients with acute myocarditis may benefit from 
careful diagnostic work-up including cardiac monitoring in 
the early phase after diagnosis. Further studies focusing on 
risk stratification for these patients are warranted.
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