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“You can't connect the dots looking forward; you can only connect them
looking backwards. So you have to trust that the dots will somehow
connect in your future. You have to trust in something — your gut, des-
tiny, life, karma, whatever. This approach has never let me down, and it
has made all the difference in my life.”

[~Steve Jobs [1]]

Guideline-directed medical therapy (GDMT) improves the outcome
of patients with the heart failure (HF) with reduced left ventricular ejec-
tion fraction (rEF). Taking the etiology of HF into account is important
for reducing the heterogeneity of HF and assisting in identifying patients
at risk of adverse outcomes among patients with HFrEF [2]. Pavlicek
et al. showed that patients with chronic myocardial inflammation
were at increased risk of receiving an implantable cardioverter defibril-
lator (ICD) for primary prevention and half of all ICD recipients experi-
enced ventricular arrhythmias requiring ICD therapy [3]. This finding
suggests the clinical significance of detecting myocardial inflammation.
Persistent myocardial inflammation causes myocardial damage and le-
thal ventricular arrhythmia. Ongoing myocardial damage detected by
creatinine kinase predicts deterioration in idiopathic dilated cardiomy-
opathy [4], and troponin measurement is more useful for predicting a
poor outcome with ongoing myocardial damage [5]. However, ap-
proaches cannot be used to diagnose the etiology of HF. Pavlicek et al.
suggested that endomyocardial biopsies (EMB) was important in diag-
nosing the etiology of HF and confirmed persistent myocardial inflam-
mation for risk stratification [3]. The European Society of Cardiology
HF guidelines state that EMB should be considered in patients with rap-
idly progressive HF despite GDMT, when there is a probability of a spe-
cific diagnosis that can be confirmed only in myocardial samples and
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specific therapy is available and effective [6]. Furthermore, EMB should
be performed for patients with a life-threatening ventricular arrhyth-
mia or its risk [7]. These guidelines recommend EMB as Class Ila, but
there are several limitations. First, EBM is an invasive method, although
it has few complications. Second, obtained histological findings are not
necessarily appropriate because those findings depend on chosen EMB
sites, which are technically limited. Therefore, we should develop non-
invasive or minimally invasive methods to evaluate myocardial inflam-
mation and diagnose the etiology of HF. Recently, cardiac magnetic res-
onance imaging was reported to be useful for diagnosing myocarditis
using mapping techniques [8]. The progress of imaging technology in
recent years is remarkable. We are currently becoming able to directly
or indirectly detect myocardial inflammation, which involves immune
cells and molecular mediators, using magnetic resonance imaging, pos-
itron emission tomography, and single photon emission computed to-
mography [9]. The most important perspective is to perform precise
comparison between these imaging data and immune-histological find-
ings obtained by EMB as the gold standard. How to treat chronic myo-
carditis remains an unsolved important issue. Pavlicek et al. examined
viral genomes by polymerase chain reaction, and these were detected
in 39% of cases of myocarditis, which was defined by lymphocytic infil-
trates and fibrosis without acute necrosis of myocytes. The most fre-
quently detected viruses were parvovirus B19 in 61.2% of patients,
followed by human herpesvirus 6 in 22.4% of patients. However, the
rate of Enterovirus species, which used to be known as the most fre-
quent virus that caused myocarditis, was only just 11.9%. Interestingly,
there was no relationship between detection of the viral genome and
transplantation of an ICD. This finding suggests that to improve the out-
come, more effective immunosuppressive therapy should be developed
than a specific viral therapy. In this study, only three patients were
treated by immunosuppressive therapy. Therefore, the outcome data
in this study suggested a natural course in patients with chronic myo-
carditis. In these patients, there was a significantly shorter median
time after EMD to ICD implantation compared with that in patients
with dilated cardiomyopathy. The independent predictor for ICD im-
plantation was chronic myocardial inflammation (hazard ration 2.48
[95% confidence interval 1.02-5.5]).

Therefore, this important study suggests that future directions
should be guided by the gold standard approach (EMB) for managing
myocarditis. We cannot connect the dots looking forward. Therefore,
we should develop appropriate management for myocarditis from mul-
tidisciplinary “dots”, including inflammatory imaging, and molecular
and pharmacological approaches. As quoted by Steve Jobs, we can
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only connect the dots by looking backwards to develop novel diagnostic
and therapeutic approaches. There is an urgent need to establish diag-
nostic and therapeutic approaches for myocarditis.

References

[1] Stanford News: The Commencement Address Delivered by Steve Jobs, (CEO of Apple

Computer and of Pixar Animation Studios, on June 12, 2005) https://news.stanford.

edu/2005/06/14/jobs-061505/.

K. Kajimoto, Y. Minami, N. Sato, H4. Kasanuki, Investigators of the Acute

Decompensated Heart Failure Syndromes (ATTEND) Registry, Etiology of heart fail-

ure and outcomes in patients hospitalized for acute decompensated heart failure

with preserved or reduced ejection fraction, Am. . Cardiol. 118 (2016) 1881-1887.

V. Pavlicek, I. Kindermann, J. Wintrich, F. Mahfoud, K. Klingel, M. Bohm, C. Ukena,

Ventricular arrhythmias and myocardial inflammation: long-term follow-up of pa-

tients with suspected myocarditis, Int. J. Cardiol. 274 (2019) 132-137.

M. Hossein-Nia, K. Baig, J.H. Goldman, P.J. Keeling, A.L. Caforio, D.W. Holt, W.J.

McKenna, Creatine kinase isoforms as circulating markers of deterioration in idio-

pathic dilated cardiomyopathy, Clin. Cardiol. 20 (1997) 55-60.

M. Torre, P. Jarolim, Cardiac troponin assays in the management of heart failure, Clin.

Chim. Acta 441 (2015) 92-98.

[6] P. Ponikowski, A.A. Voors, S.D. Anker, H. Bueno, J.G.F. Cleland, AJ.S. Coats, V. Falk,
JR. Gonzalez-Juanatey, V.P. Harjola, E.A. Jankowska, M. Jessup, C. Linde, P.

2

[3

[4

5

[7

8

19

Nihoyannopoulos, J.T. Parissis, B. Pieske, J.P. Riley, G.M.C. Rosano, L.M. Ruilope, F.
Ruschitzka, F.H. Rutten, P. van der Meer, ESC Scientific Document Group, 2016 ESC
guidelines for the diagnosis and treatment of acute and chronic heart failure: the
task force for the diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC) developed with the special contribution of the
Heart Failure Association (HFA) of the ESC, Eur. Heart ]. 37 (2016) 2129-2200.

S.G. Priori, C. Blomstrom-Lundqvist, A. Mazzanti, N. Blom, M. Borggrefe, ]. Camm, P.M.
Elliott, D. Fitzsimons, R. Hatala, G. Hindricks, P. Kirchhof, K. Kjeldsen, K.H. Kuck, A.
Hernandez-Madrid, N. Nikolaou, T.M. Norekval, C. Spaulding, D.]. Van Veldhuisen,
ESC Scientific Document Group, 2015 ESC guidelines for the management of patients
with ventricular arrhythmias and the prevention of sudden cardiac death: the task
force for the management of patients with ventricular arrhythmias and the preven-
tion of sudden cardiac death of the European Society of Cardiology (ESC). Endorsed
by: Association for European Paediatric and Congenital Cardiology (AEPC), Eur.
Heart J. 36 (2015) 2793-2867.

P1. Lurz, C. Luecke, 3. Eitel, F. Fohrenbach, C. Frank, M. Grothoff, S. de Waha, K.P.
Rommel, J.A. Lurz, K. Klingel, R. Kandolf, G. Schuler, H. Thiele, M. Gutberlet, Compre-
hensive cardiac magnetic resonance imaging in patients with suspected myocarditis:
the MyoRacer-trial, J. Am. Coll. Cardiol. 67 (2016) 1800-1811.

M. Nahrendorf, S. Frantz, F.K. Swirski, W.J. Mulder, G. Randolph, G. Ertl, V7.
Ntziachristos, ] J. Piek, E.S. Stroes, M. Schwaiger, D.L. Mann, Z.A. Fayad, Imaging sys-
temic inflammatory networks in ischemic heart disease, J. Am. Coll. Cardiol. 65
(2015) 1583-1591.


https://news.stanford.edu/2005/06/14/jobs-061505/
https://news.stanford.edu/2005/06/14/jobs-061505/
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0010
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0010
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0010
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0010
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0015
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0015
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0015
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0020
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0020
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0020
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0025
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0025
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0030
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0030
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0030
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0030
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0030
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0030
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0030
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0030
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0035
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0035
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0035
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0035
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0035
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0035
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0035
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0035
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0035
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0040
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0040
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0040
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0040
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0045
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0045
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0045
http://refhub.elsevier.com/S0167-5273(18)35112-X/rf0045

	Call for action to establish standard diagnostic and therapeutic approaches for myocarditis
	References


