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abstract
aim: Acute myocarditis (AM) is increasingly diagnosed in the era of more sensitive imaging techniques. The natural history of AM  
diagnosed on cardiac magnetic resonance imaging (cMRI) may be different to historic cohorts due to the detection of milder disease. 
This study aims to measure the outcome of patients with AM detected by cMRI.
methods: We retrospectively reviewed all cMRI studies performed over a 10-year period between 2012 and 2022. Patients with a  
diagnosis of AM based on cMRI criteria and clinical assessment were selected for inclusion.
results: One hundred and ninety-six patients were included. The mean age was 42 years and 79% were male. Chest pain, fever or viral 
prodrome and dyspnoea were the most common presenting symptoms, and one patient presented with cardiac arrest. On cMRI, nine 
patients had left ventricular ejection fraction <40% and 174 patients had evidence of late gadolinium enhancement, most commonly 
affecting the basal inferolateral and inferior segments in a subepicardial and mid-wall distribution. Five patients required admission 
to the intensive care unit (ICU). Important outcomes included the occurrence of ventricular arrhythmias in 17, recurrent or chronic  
myocarditis in 15 and implantable cardioverter defibrillator insertion in five patients, respectively. After a median follow-up of 4.6 
years, there were no cardiac-related deaths, and three patients died from malignancy-related causes.
conclusion: Patients with AM diagnosed by cMRI have a favourable medium-term outcome. Severe left ventricular dysfunction and 
ICU admission are rare. cMRI should be considered early in patients with suspected AM.

Acute myocarditis (AM) is a clinically  
challenging entity characterised by a wide 
spectrum of presentation—ranging from 

no symptoms to fulminant heart failure—and 
it can also present in a similar fashion to acute  
coronary syndrome. Historically, endomyocardial 
biopsy (EMB) was the only diagnostic test avail-
able, and it remains the diagnostic gold standard, 
but utilisation of this test is limited by its invasive 
nature, complication rates and low sensitivity. The 
availability of cardiac magnetic resonance imag-
ing (cMRI) provides an alternative, non-invasive 
method of myocardial tissue characterisation and 
has been applied with high diagnostic accuracy 
in AM.1 In addition to diagnostic utility, cMRI also 
provides unique prognostic information in AM, 
where the pattern of late gadolinium enhance-
ment has been shown to predict subsequent 
major adverse cardiovascular events.2,3

Previous studies on clinical presentation and 
survival following AM have focussed on EMB-
proven cases, but these are limited by selection 
bias where only severe cases would warrant 
biopsy.4,5 Furthermore, cMRI is now increasingly 
utilised for patients presenting with myocardial 

infarction with non-obstructive coronary arteries 
(MINOCA), and up to 37% of these patients are 
found to have AM when cMRI is used.6 Patriki et 
al. systematically screened all patients presenting 
with MINOCA with cMRI and concluded that the 
incidence of AM is 0.63 per 1,000 of all hospital 
admissions. This is one of the few existing esti-
mates of the true incidence of AM in the general 
population.7 

As the availability and uptake of cMRI 
increases, it follows that more cases of AM may 
be diagnosed, and this may represent a lower risk 
group compared to previously described popula-
tions. The aim of this study is to review the clinical 
features and natural history of cMRI-diagnosed 
AM, and to assess the inpatient and medium-term 
outcome of this patient group.

Materials and methods
Patient selection

All patients undergoing cMRI at Te Whatu 
Ora – Health New Zealand Te Toka Tumai 
Auckland (formerly Auckland District Health 
Board) for any indication between 1 July 2012 
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and 30 June 2022 were retrospectively identi-
fied. Consecutive patients with a final diagnosis 
of AM based on cMRI imaging criteria and on  
clinical grounds were included. This study 
received institutional approval for falling within  
recommended research methodologies defined 
by the New Zealand Health and Disability Ethics  
Committees’ standard operating procedures.

Data collection and definitions
All data were retrieved from electronic medical 

records. Baseline demographics, clinical features, 
in-hospital complications, long-term outcome 
measures and vital status were recorded. Follow- 
up was until 1 January 2023 or until the last  
documented healthcare encounter for patients 
who left the region. We recorded important  
clinical outcomes including the occurrence of  
ventricular arrhythmia during the index admis-
sion, cardiac ablation procedure, insertion of 
implantable cardioverter defibrillator (ICD),  
subsequent hospitalisation for heart failure, 
recurrent or chronic myocarditis, cardiac trans-
plantation and death. Ventricular arrhythmia 
included ventricular fibrillation (VF) or ven-
tricular tachycardia (VT) (more than 4 beats).  
Continuous variables were reported as mean with 
standard deviation or median with interquartile 
range. Categorical variables were reported in 
absolute values with percentages. 

cMRI protocol and imaging criteria
All scans were performed on 1.5T (Avanto,  

Siemens, Germany) or 3T (Skyra, Siemens,  
Germany) magnets. Standard imaging sequences 
to assess left ventricle (LV) volumes, mass and 
function (SSFP) as well myocardial oedema (T2 
weighted imaging) and late gadolinium enhance-
ment as per Society for Cardiovascular Magnetic 
Resonance  guidelines were performed.8 Gado-
linium contrast was administered at a dose of 
0.1mmol/kg. Diagnosis of myocarditis on cMRI 
was based on the Lake Louise criteria.9

Results
A total of 196 cases of AM were identified, and 

there was a gradual increase in the number of 
cases diagnosed over time (Figure 1). The mean 
age at index presentation was 42 years, and 155 
(79%) were male (Table 1). The most common  
presenting symptom was chest pain, which was 
present in 157 patients (80%), followed by fever 
or a viral prodrome in 95 patients (48%) and 
dyspnoea in 52 patients (27%) respectively. One 
patient presented with resuscitated cardiac arrest. 
ST-segment elevation was present in 64 patients 
(33%), coronary angiography was undertaken 
in 117 patients (60%), and none had obstructive  
coronary artery disease. EMB was undertaken  
in 10 patients, of which six revealed normal 
findings. 

Figure 1: Number of cases of acute myocarditis diagnosed per year.



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2024 Dec 13; 137(1607). ISSN 1175-8716
https://www.nzmj.org.nz/ ©PMA 

article 41

Table 1: Baseline demographics, clinical features and relevant investigations.

Parameter
Frequency

(n=196)

Demographics

Age 41.8 (17.6)

Male 155 (79%)

Ethnicity

New Zealand European 99 (51%)

Māori 21 (11%)

Pacific 11 (6%)

Asian and Indian 21 (11%)

Other 44 (22%)

Medical background

Body mass index 25–29.9kg/m2 76 (39%)

Body mass index ≥30kg/m2 50 (26%)

Hypertension 36 (18%)

Dyslipidaemia 29 (15%)

Current smoker 24 (12%)

Known coronary artery disease 9 (5%)

Heart failure 5 (3%)

Diabetes 6 (3%)

Connective tissue disease 6 (3%)

Previous pericarditis or myocarditis 5 (3%)

Clinical presentation

Chest pain 157 (80%)

Fever or viral prodrome 95 (48%)

Dyspnoea 52 (27%)

NYHA Class I 179 (91%)

NYHA Class II 12 (6%)

NYHA Class III 3 (2%)

NYHA Class IV 2 (1%)

Presyncope 19 (10%)



New Zealand Medical Journal 
Te ara tika o te hauora hapori

2024 Dec 13; 137(1607). ISSN 1175-8716
https://www.nzmj.org.nz/ ©PMA 

article 42

Syncope 11 (6%)

Palpitations 17 (9%)

Cardiac arrest 1 (1%)

Laboratory investigations 

Raised leucocyte count (≥11x109/L) 48 (24%)

C-reactive protein (mg/L) 21 (5–80)

Creatinine (µmol/L) 79 (69–88)

Creatine kinase (IU/L) 249 (149–687)

Troponin T (ng/L)a 391 (144–913)

NT-ProBNP (pmol/L)a 113 (23–368)

Electrocardiography

Sinus rhythm 185 (94%)

ST-segment elevation 64 (33%)

Bundle branch block 18 (9%)

Coronary angiography

Non-obstructive coronary artery disease 41 (21%)

Normal 76 (39%)

Not performed 79 (40%)

Endomyocardial biopsy 10 (5%)

Normal 6 (3%)

Lymphocytic infiltrates 2 (1%)

Eosinophilic infiltrates 1 (1%)

Giant cells 1 (1%)

NYHA = New York Heart Association; NT-ProBNP = N-terminal pro-brain natriuretic peptide.
a Institutional upper limit of normal for Troponin T assay 15ng/L and for NT-ProBNP assay 100pmol/L. 

Table 1 (continued): Baseline demographics, clinical features and relevant investigations.
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Table 2: Data from cardiac magnetic resonance imaging.

Parameter
Frequency

(n=196)

Indexed left ventricular end diastolic volume (mL/m2) 86 (74–96)

Indexed left ventricular end systolic volume (mL/m2) 38 (28–44)

Pericardial effusion 50 (26%)

Left ventricular ejection fraction (%) 56 (+/- 8.8)

  ≥40% 186 (95%)

  <40% 9 (5%)

Wall motion abnormality 78 (40%)

Presence of late gadolinium enhancement 174 (89%)

Number of affected segments 3.4 (1.5)

Distribution

  Subepicardial 125 (64%)

  Mid-wall 131 (67%)

  Subendocardial 31 (16%)

Most commonly affected segments

  Basal inferolateral 104 (53%)

  Basal inferior 79 (40%)

  Mid-inferolateral 75 (38%)

  Mid-anterolateral 59 (30%)

  Mid-inferior 53 (27%)

Table 3: Important cardiac events. 

Parameter
Frequency

(n=196)

Ventricular arrhythmia during index admission 17 (9%)

Recurrent or chronic myocarditis 15 (8%)

Implantable cardioverter defibrillator 5 (3%)

Cardiac ablation procedure 2 (1%)

Readmission for heart failure 3 (2%)

Cardiac transplantation 1 (1%)

Cardiac-related death 0
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On cMRI, mean left ventricular ejection  
fraction (LVEF) was 56%, and in nine patients it  
was <40% (Table 2). Other common findings 
included wall motion abnormality in 78 patients 
(40%) and pericardial effusion in 50 patients 
(26%). Late gadolinium enhancement was 
observed in the majority (89%), and this was most 
commonly seen in the basal inferior and infero-
lateral segments, with a predominant mid-wall 
and subepicardial distribution.

Most patients had a benign in-hospital  
course, and the median length of stay was 4 days. 
Arrhythmias were the most common event, occur-
ring in 24 patients (12%), which was primarily  
due to VT. Acute kidney injury occurred in 19 
patients (10%) during the index admission. Five 
patients required admission to intensive care, 
and one had cardiogenic shock requiring veno- 
arterial extracorporeal membrane oxygenation, 
acute dialysis and a prolonged recovery period.

We observed two cases of presumed COVID- 
related AM and nine cases of presumed COVID-
19 vaccine (Pfizer) related AM. This latter group  
consisted of seven males and two females, mean 
age 27 (±13) years. One case occurred after the 
first vaccination, seven after the second and one 
after the third vaccination. The median time from 
vaccination to presentation to hospital was 3 
days. All of these patients had normal LVEF. One 
patient had inpatient ventricular arrhythmia, but 
there were no other important cardiac events 
either during the index hospitalisation or at  
follow-up (median 1.2 years) (Table 3). 

Immunosuppression was used in 22 patients 
(11%), consisting of prednisone alone in 13 
patients (7%) and other immunosuppressive 
agents in the remaining nine patients (5%), 
which included methylprednisolone, intravenous  
immunoglobulins, sirolimus, leflunomide,  
mycophenolate, tocilizumab and cyclophosphamide. 
The indication for immunosuppression was  
usually severe left ventricular impairment or a 
coexisting underlying autoimmune disorder. 

All patients survived the index admission, and 
after a median follow-up of 4.6 years there were 
no cardiac-related deaths, but three patients died 
from advanced malignancy. Important cardiac 
events included recurrent or chronic myocarditis in 
15 patients (8%), with a median time to recurrence 
of 2 years. ICD insertion was done in five patients 
(3%), one during the index admission and four  
following discharge, all for the indication of  
recurrent VT. Three patients were readmitted for 
heart failure after 16, 17 and 31 months, and one 

patient received a cardiac transplant for giant 
cell myocarditis. Two patients underwent cardiac 
ablation procedure for recurrent VT and multifocal  
ventricular ectopy with VT, respectively.

Discussion
Our results demonstrate the favourable clinical 

course and medium-term prognosis of patients 
with AM that is diagnosed by cMRI. This is in  
keeping with findings of previous cMRI studies, 
which have reported short- and medium-term 
mortality rates of 0–3.5%.2,10 In contrast, Grün et 
al. examined 203 cases of EMB-proven myocarditis  
(45% of patients presenting with New York Heart 
Association [NYHA] III or IV symptoms) and 
reported a mortality rate of 19.2% at 4.7 years. 
This highlights the spectrum of disease severity 
seen with AM. Further, these studies support the 
notion that patients who are determined to be 
clinically suitable for cMRI tend to have milder 
manifestations of the disease, and this under-
lies the need to define biomarkers that identify a 
“lower risk” cohort who can be reassured without 
follow-up surveillance imaging.11 

We observed few serious in-hospital  
complications of AM in this study. Importantly, all 
patients survived the index admission, and only 
five required intensive care. VT was the most 
frequently observed event, and it occurred in 16 
patients. Chopra et al. found that the occurrence 
of VT was more commonly observed in patients 
that presented in a pseudo-infarct manner of AM 
(i.e., when the clinical presentation mimics acute 
coronary syndrome), and this subset of patients 
had a higher cumulative event rate at follow-up 
than those that did not present in a pseudo- 
infarct manner.2 Similarly, the presence and 
extent of late gadolinium enhancement is  
recognised to be an important prognostic  
factor in AM, where it is estimated to be associated 
with a >3-fold increased risk of adverse cardiac  
outcomes compared to those that do not have late 
gadolinium enhancement.12

Although the majority of patients in our study 
presented with mild disease, immunosuppression 
was used in 22 patients, mostly in the form of  
corticosteroids. Further, VT occurred in five of 
these 22 patients and VF occurred in one, which 
is likely consequent to the more aggressive and 
active nature of their disease. We observed one 
case of a patient who developed autoimmune 
myocarditis due to a novel monoclonal anti-
body (nivolumab). This patient was treated with  
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intravenous methylprednisolone and intravenous 
immunoglobulins, as well as a tapering course 
of oral corticosteroid; however, he eventually 
died from advanced malignancy. Autoimmune  
myocarditis is an emerging category of AM and 
is seen in patients treated with novel immune 
checkpoint inhibitors. This group of patients 
can only be expected to grow as the indications 
for and uptake of these drugs increase, and  
clinicians should have a high index of suspicion  
of this adverse effect in the cardio-oncology 
patient group.13

Further, we observed cases of presumed 
COVID-19 vaccine–related AM, and this entity 
has received considerable research and public  
interest. Though it is a very uncommon  
occurrence, estimated at 1.08 per 100,000 in one 
nation-wide study, a subset of these patients 
manifest severe cardiac impairment and require 
advanced therapies including cardiac transplan-
tation.14 In our current study, all patients had 
uneventful outcomes; however, these cases likely 
represent only a small subset of patients with 
mild clinical manifestations. 

Appropriate follow-up after hospital discharge 
remains an unclear aspect in the management of 
patients with AM. Importantly, while most patients 
can expect recovery, some develop chronic myo-
carditis or progress to dilated cardiomyopathy.15 
The European Society of Cardiology guidelines 
advise “long-term non-invasive cardiological  
follow-up” after normalisation of cardiac 
enzymes;16 however, several studies have  
demonstrated a lack of correlation between  
cardiac enzyme release and clinical outcomes 

in AM, and a novel implementation of cMRI 
in AM demonstrated persistent abnormal  
myocardial tissue processes (including late gad-
olinium enhancement) despite normalisation of 
cardiac enzymes and inflammatory parameters.17 
On the other hand, absence of late gadolinium 
enhancement in AM is a powerful predictor of 
cardiovascular survival,11 which has resulted in 
the suggestion that convalescent cMRI could form 
part of the short-term follow-up of these patients 
regardless of cardiac enzyme level.

Limitations
This study is retrospective and from a  

single centre, and thus is subject to the usual  
limitations of this design. Second, although 
cMRI has very high diagnostic accuracy for AM, 
it is possible that some included cases reflected  
alternative aetiologies as the gold standard test 
of EMB was not performed in the majority of 
patients. Last, we included all aetiologies of AM, 
which may be a heterogenous group, each with its 
own risk of complications and natural history. 

Conclusion
Patients with mild forms of AM diagnosed 

by cMRI have a favourable in-hospital clinical 
course and medium-term prognosis. Clinicians 
should have a low index of suspicion for AM in 
patients presenting with supporting clinical fea-
tures, and cMRI should be considered early in the 
work-up process, particularly in those presenting  
with MINOCA. 
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