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ABSTRACT
OBJECTIVES This study sought to obtain an approximation of the true incidence of myocarditis by systematic screening
of patients at risk using cardiac magnetic resonance imaging (CMR) in a tertiary care center.
BACKGROUND Underdiagnosis of myocarditis and resulting uncertainty about its incidence remain a clinical dilemma.
The authors hypothesized that systematic screening of patients presenting with angina-like symptoms, elevated
troponin T, and no signiﬁcant coronary artery disease using CMR will provide an approximation of the true incidence of
myocarditis.
METHODS The authors performed a retrospective chart review of patients presenting with angina-like symptoms and
elevated high-sensitivity troponin T (TnT-hs $14 ng/l) in 2015 and 2016. During the year 2015, only patients with
elevated TnT-hs, no signiﬁcant coronary artery disease, and moderate-to-high clinical likelihood of myocarditis
underwent CMR. Starting in 2016, CMR was obtained in patients with similar presentation, but independent of clinical
likelihood of myocarditis.
RESULTS A total of 1,788 patients (74% male, age 69  14 years) qualiﬁed for our analysis. In 2015, 521 patients
presented with angina-like symptoms and TnT-hs elevation. In 2016, the number increased to 1,267 patients. Although in
the year 2015, a total of 4 of 88 (5%) CMRs were positive for myocarditis, the percentage of positive CMRs doubled (26
of 199; 13%; p ¼ 0.03) in 2016.
CONCLUSIONS A novel diagnostic screening algorithm led to a 6.3-fold increase of the incidence of myocarditis in
our hospital. Furthermore, the percentage of CMRs positive for myocarditis doubled, supporting the diagnostic
value of this method. Considering the potentially lethal adverse events of myocarditis if left untreated, we recommend a
low threshold for the use of CMR in patients with angina-like symptoms and elevated TnT-hs after exclusion of coronary
artery disease. (J Am Coll Cardiol HF 2018;6:573–9) © 2018 by the American College of Cardiology Foundation.

C

hest pain is currently 1 of the most common

arteries (MINOCA) have poor prognosis with a

causes for patient visits in the emergency

12-month all-cause mortality rate of 4.7% (4). The

department (1). Although acute coronary

lack of guidelines for those “culprit free”–patients

syndrome remains the leading cause in mortality

creates

worldwide (2), approximately 3% to 13% of patients

Maddox et al. (6) showed that in contrast to patients

diagnostic

presenting with chest pain and suspected myocardial

with

infarction (MI) have unobstructed coronaries (3–5).

typically does not receive speciﬁc therapy to reduce

Remarkably, patients with unobstructed coronary ar-

risk for future cardiovascular events, suggesting po-

tery disease or MI with nonobstructed coronary

tential

coronary

for

and

artery

therapeutic

therapeutic
disease,

challenges.

this

improvement

population

in

this

From the aDepartment of Cardiology, University Hospital Zurich, Zurich, Switzerland; bClinic for Cardiac Surgery, University Heart
Center Zurich, Zurich, Switzerland; cCenter for Molecular Cardiology, University of Zurich, Zurich, Switzerland; and the dRoyal
Brompton and Hareﬁeld Hospital Imperial College London, London, United Kingdom. This work was supported through funding
from the Forschungskredit of the University of Zurich and the Holcim Foundation (Holcim Stiftung zur Förderung der wissenschaftlichen Fortbildung, Switzerland) issued to Dr. Bettina Heidecker. All other authors have reported that they have no relationships relevant to the contents of this paper to disclose.
Manuscript received January 29, 2018; revised manuscript received February 27, 2018, accepted March 7, 2018.

ISSN 2213-1779/$36.00

https://doi.org/10.1016/j.jchf.2018.03.002

574

Patriki et al.

JACC: HEART FAILURE VOL. 6, NO. 7, 2018
JULY 2018:573–9

Approximation of Incidence of Myocarditis

ABBREVIATIONS

population.

in

OUTCOME MEASUREMENTS. The primary outcome

AND ACRONYMS

the setting of angina and unobstructed

measure was to obtain an approximation of the true

coronary

microvascular

incidence of myocarditis among patients with angina-

disease, Takotsubo syndrome, spontaneous

like symptoms, elevated TnT-hs, and unobstructed

recanalization of thrombotic occlusion or

coronary arteries by systematic CMR screening in our

resonance imaging

embolisms, and acute myocarditis (4,7).

institution at the University of Zurich. To evaluate

CT = computed tomography

Assomull et al. (8) found myocarditis to

effectiveness of screening in 2016, results were

be the most frequent diagnosis in this

compared with the previous year during which no

population.

of

systematic screening was performed. In addition,

obstructive cardiomyopathy

acute myocarditis in young men seem to

secondary outcome measures included: 1) number of

MI = myocardial infarction

mimic an MI (9). Moreover, studies in pa-

patients presenting to our hospital with angina-like

tients with angina-like symptoms, elevated

symptoms, elevated TnT-hs, and unobstructed coro-

infarction with nonobstructed

high-sensitivity troponin T (TnT-hs), and

nary arteries per year; 2) number of CMRs performed

coronary arteries

unobstructed

estimated

in the years 2015 versus 2016, when the threshold

PCI = percutaneous coronary

the prevalence of myocarditis to range

for screening was lowered; 3) percentage of CMRs

from 16% to 56% (10–12). Postmortem data

positive for myocarditis in 2015 versus 2016; and

have revealed myocarditis in sudden car-

4) incidence of other diagnoses in this patient

diac death at a rate of 8.6% up to 42%, sug-

population.

CABG = coronary artery bypass
graft

CMR = cardiac magnetic

EMB = endomyocardial biopsy
HCM = hypertrophic

MINOCA = myocardial

intervention

TnT-hs = high-sensitivity
troponin T

Differential

arteries

diagnoses

include

Additionally,

coronaries

most

have

cases

gesting that a considerable number of cases remain

CLINICAL DATABASE. Clinical data was retrieved

undiagnosed and thus untreated (13–15).

from the electronic medical records database of
the University Hospital Zurich. All patients were

SEE PAGE 580

de-identiﬁed and continuously numbered before
Discrepancy in the published data about the inci-

analysis. Calculation and analysis were performed

dence of myocarditis emphasizes the need for effec-

using

tive standardized diagnostic screening. Early accurate

Switzerland). The study was approved by the regional

diagnosis is crucial to introduce therapy and lifestyle

ethics committee, and all patients provided their

modiﬁcations in a timely manner (16,17). Whereas the

written informed consent.

gold standard for deﬁnitive diagnosis of myocarditis

DIAGNOSTIC SCREENING ALGORITHM. In patients

remains endomyocardial biopsy (EMB) (7,18,19), car-

IBM

SPSS

Statistics

version

21

(Zurich,

presenting with angina-like symptoms and elevated

diac magnetic resonance imaging (CMR) has evolved

TnT-hs, coronary artery disease was excluded by

as a valuable diagnostic alternative to EMB and

coronary angiography in the majority of patients.

helps stratifying the risk in patients with suspected

In cases of very low pretest probability for coronary

myocarditis (20–24).

artery disease, screening methods for coronary

In the present study, we sought to test the hy-

artery disease included CT coronary angiography or

pothesis of whether systematic screening using CMR

stress CMR with adenosine. In 2015, patients with

of patients presenting with angina-like symptoms,

moderate-to-high clinical suspicion for myocarditis

elevated TnT-hs ($14 ng/l), and no signiﬁcant coro-

underwent further diagnostic evaluation with CMR.

nary

of

Moderate-to-high clinical suspicion was raised in

myocarditis and provide an approximation of its true

patients with classic symptoms of myocarditis such as

incidence in a tertiary medical center.

chest pain, dyspnea, palpitations, syncope after viral

METHODS

prodrome (25,26) in the context of elevated TnT-hs,

artery

disease

will

improve

detection

STUDY DESIGN. We performed a retrospective single-

center registry study investigating the incidence of
myocarditis. Our chart review included patients who
presented during the years between 2015 and 2016
(from January 2015 to January 2017) to the University
Hospital Zurich with angina-like symptoms and
elevated levels of TnT-hs (normal range 0 to 14 ng/l),
and who had signiﬁcant coronary artery disease

and unobstructed coronary arteries. In 2016, the
threshold for obtaining CMRs was lowered and all
patients with angina-like symptoms, elevated TnThs, and without obstructive coronary artery disease
were screened with CMR unless another apparent
etiology for their symptoms and TnT-hs elevation
was identiﬁed (e.g., pulmonary embolism, severe
hypertension, and so on). All CMRs were performed
within 1 month of symptom onset.

(>50% stenosis) excluded by coronary angiography or

CMR EXAMINATION. CMR

computed tomography (CT) coronary angiography.

formed

No patients were excluded.

(SiemensSkyra,

either

on

a

examinations were per1.5-T

Erlangen,

or

3.0-T

Germany,

or

scanner
Philips

Patriki et al.

JACC: HEART FAILURE VOL. 6, NO. 7, 2018
JULY 2018:573–9

Approximation of Incidence of Myocarditis

Achieva, Best, the Netherlands) with the help of
electrocardiography-gated

breath-hold

protocol
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2016
(n ¼ 1,267)

Total
(N ¼ 1,788)

71  14

69  14

69  14

404 (77.5)

924 (72.9)

1,328 (74.3)

Coronary angiography (%)

475 (91.2)

1,186 (94.0)

1,661 (92.9)

PCI

227 (43.6)

652 (51.5)

879 (49.1)

based contrast agent. Although the threshold for
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53 (4.3)

83 (4.6)

CMR screening was lowered in 2016, the CMR proto-

CMR
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col itself did not change between 2015 and 2016.
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Values are mean  SD or n (%).
CABG ¼ coronary artery bypass graft; CMR ¼ cardiac magnetic resonance
imaging; PCI ¼ percutaneous coronary intervention.

and angiographic and CMR ﬁndings. Descriptive
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through aggressive screening in 2016 versus the less

In total, 287 CMR scans were obtained from 2015 to

aggressive approach in 2015, we compared results

2016. The most common underlying etiology was
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INCIDENCE OF MYOCARDITIS SINCE INTRODUCTION

follow-up due to death or patients’ refusal of further

OF A NOVEL SCREENING ALGORITHM IN 2016. Of the

diagnostic workup (5 in the year 2015, and 17 in 2016).

1,788

Therefore, the population included in this study

elevated TnT-hs, 521 presented in 2015 versus 1,267

consisted of 1,788 patients with a median age of

who presented in 2016. There was no signiﬁcant

69 years of age (range 18 to 96 years) of whom 25.7%

difference in baseline parameters (Table 1).

were women and 74.3% were men (Table 1).
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and

In the year 2015, 88 CMRs were performed versus

Of the 1,788 patients, the majority (n ¼ 1,661; 93%)

199 in 2016. Overall, we found signiﬁcantly less CMR
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reports that were negative for any pathology in 2016

via coronary angiography. Seven patients (0.4%)

versus 2015 (p ¼ 0.00037). An underlying diagnosis

underwent

remaining
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F I G U R E 1 Diagnostic Algorithm

In 2016 the threshold for further investigation via CMR was lowered in patients with angina-like symptoms, elevated troponin (>14 ng/l), and
unobstructed coronaries. CABG ¼ coronary artery bypass graft; CMR ¼ cardiac magnetic resonance imaging; CT ¼ computed tomography;
PCI ¼ percutaneous coronary intervention.

6.5 times more cases of myocarditis diagnosed by CMR

DISCUSSION

in 2016 versus 2015 (4 in 2015 vs. 26 in 2016) (p ¼ 0.03).
We counted 39,694 hospitalized patients in 2015 and

This study shows for the ﬁrst time a signiﬁcant increase

41,121 in 2016 at the University Hospital Zurich.

in detection rate of myocarditis through systematic

Therefore, the incidence was 0.1 per 1,000 admissions

CMR screening of patients with angina-like symptoms,

in 2015 and 0.63 per 1,000 admissions in 2016 resulting

elevated TnT-hs, and unobstructed coronary arteries.

in a 6.3-fold increase between the 2 years. Patients

Whereas the number of patients admitted to our hos-

were diagnosed only once per year with myocarditis.

pital in 2016 with angina-like symptoms and elevated

No signiﬁcant difference in the number of di-

TnT-hs increased 2-fold due to a partnership with a

agnoses of pericarditis, HCM, sarcoidosis, amyloid-

new referring hospital, the incidence of myocarditis at

osis, Takotsubo cardiomyopathy, or Fabry disease

the University Hospital Zurich increased 6.3-fold after

was identiﬁed between the 2 years (Table 2).

introducing a novel systematic screening algorithm.
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T A B L E 2 Comparison of Diagnoses Based on Cardiac Magnetic

Resonance Imaging Between 2015 and 2016*

patients were screened, of which 59.9% were positive
for myocarditis. In contrast, a similar study conducted by Assomull et al. (8) found myocarditis to be

2015
(n ¼ 88)

2016
(n ¼ 199)

2015 and 2016
(n ¼ 287)

68 (77.3)

110 (55.3)

178 (62)

toms, elevated TnT-hs, and unobstructed coronary

8 (9.1)

26 (13.1)

34 (11.9)

arteries. We identiﬁed myocarditis in only 10.5% of all

Pericarditis

0 (0)

4 (2)

4 (1.4)

CMR studies. However, in our cohort myocarditis

Amyloidosis

1 (1.1)

2 (1)

3 (1)

remained by far the most common diagnosis after

Sarcoidosis

1 (1.1)

1 (0.5)

2 (0.7)

coronary ischemia similar to what other investigators

Fabry disease

1 (1.1)

1 (0.5)

2 (0.7)

have found (4,5,8). A potential explanation for this

Takotsubo cardiomyopathy

0 (0)

4 (2)

4 (1.4)

Dilated cardiomyopathy

0 (0)

1 (0.5)

1 (0.3)

Diagnosis

Normal heart
Coronary ischemia

present in 50% of patients with angina-like symp-

difference could be the fact that in 2016, we performed very comprehensive CMR screening in pa-

HCM

2 (2.3)

9 (4.5)

11 (3.8)

Myocarditis

4 (4.6)

26 (13.1)

30 (10.5)

tients with signs and symptoms of myocarditis.

Others

3 (3.4)

15 (7.5)

18 (6.3)

Although Assomull et al. (8), as well as Leurent et al.
(5) excluded patients with history of cardiac disease

Values are n (%). *Number of total CMRs performed per year is listed in columns;
resulting diagnoses per year are listed in rows. Although the total number of
diagnoses increased for most cardiomyopathies in 2016 (e.g., for HCM), the
percentage of CMRs positive for a speciﬁc diagnosis increased only for myocarditis
signiﬁcantly (p ¼ 0.03). Importantly, at the same time, the percentage of CMRs
without a speciﬁc disease identiﬁed decreased from 77% to 55% (p ¼ 0.00037).
HCM ¼ hypertrophic cardiomyopathy; NS ¼ not signiﬁcant; other abbreviation
as in Table 1.

(5,8), we investigated all patients with angina-like
symptoms and elevated TnT-hs in the years 2015
and 2016, regardless of whether patients had prior
cardiac problems. This difference among cohorts may
explain the higher percentage of cases with myocarditis in the studies from Assomull et al. (8) and
Leurent et al. (5) compared to ours.

This suggests myocarditis had been underdiagnosed

In agreement with other studies, we showed that

when the indication for CMR was primarily based on

CMR is a helpful tool for establishing the underlying

clinical symptoms.

diagnosis in patients presenting with angina-like

Up to this point, numerous studies evaluated the

symptoms, elevated TnT-hs ($14 ng/l), and no sig-

incidence of myocarditis based on CMR data. How-

niﬁcant

ever, due to discrepancy in the results and a lack of a

Indeed, a more inclusive clinical diagnostic algorithm

coronary

artery

shared standardized diagnostic approach the true

regarding patients with MINOCA increased the per-

incidence of myocarditis has remained uncertain

centage of CMRs positive for myocarditis within 1

(5,8,9,11,14–16). In that regard Pitts et al. (1) and

year from 5% to 13%. Whereas the detection rate of

Karjalainen and Heikkilä (9) showed that clinically

other potential diseases causing MINOCA such as

diagnosed myocarditis in young men was present in

amyloidosis, HCM, or Takotsubo did not increase

99 patients of 672,672 Finnish military conscripts

signiﬁcantly between 2015 and 2016, the overall

over a period of 20 years with an incidence rate of 0.17

incidence of such nonischemic cardiomyopathies

per 1,000 man-years. Data of the global burden study

increased, suggesting a potential beneﬁt in detection

described 156,300 cases of acute myocarditis world-

for all nonischemic cardiomyopathies. In comparison

wide in 2015. The combined prevalence of dilated

to the previously-mentioned studies, we found

cardiomyopathy and myocarditis has been shown to

overall a substantially higher number of patients with

be approximately 2,380,400 cases in 2015 worldwide

unobstructed

(27). In 2005, Kühl et al. (28) described a high preva-

angina-like symptoms and elevated TnT-hs. Hence, in

lence of viral infection in patients who had been

the present high-volume tertiary care center, the

initially diagnosed with dilated cardiomyopathy

threshold for coronary angiographies seems to be

based on histology. Although there is still an ongoing

lower due to better availability of emergency physi-

discussion concerning whether viruses are causative

cians and a 24-h interventional service.

coronary

disease

(8,11,12,20,32).

arteries

experiencing

or bystanders in the pathophysiology of myocarditis,

Given the fact that age and male sex are known risk

at least for some viruses a pathogenic effect on car-

factors for developing arteriosclerosis and coronary

diomyocytes has been shown (29–31).

heart disease, our population consists mostly of

A meta-analysis by Pasupathy et al. (4) shows the

elderly male patients (33). Similar to prior in-

importance of myocarditis as a differential diagnosis

vestigations, patients with myocarditis in our study

in patients presenting with angina-like symptoms,

were mostly men and considerably younger than those

elevated TnT-hs, and unobstructed coronary arteries.

with obstructive coronary artery disease (4,5,8,32).

Leurent et al. (5) evaluated a population with similar

In summary, in 2016 we successfully implemented

characteristics prospectively by CMR. A total of 107

a systematic diagnostic algorithm for the screening of

577

578
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patients with angina-like symptoms, elevated TnT-

myocarditis among patients with angina-like symp-

hs, and unobstructed coronary arteries to detect

toms, elevated TnT-hs, and unobstructed coronary

myocarditis with CMR and to obtain an approxima-

arteries. Accurate diagnosis in myocarditis is impor-

tion of the true incidence of myocarditis at a tertiary

tant for 3 main reasons. 1) Early therapy of speciﬁc

heart center with 24-h primary PCI service. Within 1

subtypes of myocarditis has been shown to be crucial

year after introduction of the new algorithm at our

for treatment success (25,35,36). 2) Exercise during

hospital, the incidence of myocarditis among all ad-

acute myocarditis increases the risk for malignant

missions increased 6.3-fold from 0.1 per 1,000 in 2015

arrhythmias and potentially sudden cardiac death.

to 0.63 per 1,000 in 2016 at our hospital. Although

Therefore, 3- to 6-month cessation of exercise after

EMB remains the gold standard for deﬁnitive diag-

diagnosis is recommended (17,25,35). 3) Accurate

nosis of myocarditis, CMR is 1 of the best noninvasive

diagnosis of a disease is crucial to learn about treat-

screening tools we have currently available for the

ment response in affected patients and to improve

diagnosis of myocarditis. Our data is critical for

therapies in the future. Identifying those patients

raising the awareness that myocarditis continues to

early through broad noninvasive screening by CMR

be underdiagnosed and that systematic screening

has great potential to improve clinical outcomes

with CMR may be a valuable diagnostic tool in the

overall in this patient population. Although EMB will

population with angina-like symptoms, elevated TnT-

still be required to initiate therapies such as immu-

hs, and unobstructed coronary arteries. The high

nosuppression

diagnostic sensitivity of this algorithm has important

threshold for CMR will hopefully reduce the number

clinical implications because early therapy and

of cases underdiagnosed in the future and provide us

cessation of exercise during the acute phase of

with a better understanding of the clinical trajectory

myocarditis are interventions that are crucial for

of myocarditis.

treatment success. With regards to physical activity,
it has been shown that during the initial phases of
myocarditis exercise may lead to increased viral
replication and inﬂammation resulting in cytolysis,
necrosis, and potentially arrhythmias (17,25,33–35).
STUDY LIMITATIONS. The gold standard for deﬁni-

tive diagnosis of myocarditis is EMB. Therefore, our
attempt to evaluate the incidence of myocarditis

in

speciﬁc

cases,

lowering
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through CMR remains an approximation as no histopathologic conﬁrmation for myocarditis had been

PERSPECTIVES

performed in this population.
Additionally, it is conceivable that a raised aware-

COMPETENCY IN MEDICAL KNOWLEDGE:

ness of myocarditis during the implementation of the

Myocarditis continues to be underdiagnosed and es-

new screening algorithm in 2016 contributed to some

timates of its incidence vary greatly in literature. In

degree to the increased number of cases of myocar-

our study we applied a systematic diagnostic

ditis in 2016.

screening algorithm for myocarditis to improve diag-

CONCLUSIONS

nostic sensitivity and to obtain an approximation of

This is the ﬁrst study assessing the incidence of
myocarditis by systematic screening through CMR
in patients with angina-like symptoms, elevated
TnT-hs, and nonobstructed coronary arteries. Our
data support the hypothesis that myocarditis continues to be an underdiagnosed disease. Given the
potentially severe adverse outcomes if patients with
myocarditis are left untreated, we recommend a low
threshold for the use of CMR in diagnostic workup.
Our study suggests that myocarditis continues to
be underdiagnosed with standard clinical testing and
raises awareness of a considerable incidence of

the

the true incidence of myocarditis.
TRANSLATIONAL OUTLOOK: CMR has been
established as an important pillar in the diagnostic
workup of myocarditis. Given its non-invasive nature
as well as minimal side effects, this technology is an
excellent screening tool. In our study, we investigated
a population at risk that has been described in
literature as clinically challenging. We hope that
future studies will evolve from our data and
use this comprehensive algorithm to obtain a better
understanding of myocarditis globally.
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