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EDITORIAL COMMENT

Myocardial Inﬂammation
An Important Pitfall During CMR T1 Mapping for the
Quantiﬁcation of Diffuse Fibrosis in Heart Failure*
Julia Mascherbauer, MD

H

eart failure is a global epidemic, affecting

(6). Therefore, it usually remains unknown whether

millions of adults worldwide. As a precon-

chronic inﬂammation is present in a particular

dition for optimal treatment, a correct

individual presenting with impaired left ventricular

diagnosis of the underlying disease has to be made.

systolic function.

In this respect, cardiac magnetic resonance imaging

In this issue of iJACC, Lurz et al. (7) describe a

(CMR), and speciﬁcally quantiﬁcation of myocardial

prospective study of 107 patients with clinical suspi-

extracellular volume (ECV) by T1 mapping, has

cion of inﬂammatory cardiomyopathy who under-

recently attracted great interest (1). This novel tech-

went left ventricular endomyocardial biopsy and ECV

nique has been developed as a tool for the quantiﬁca-

quantiﬁcation by CMR. Myocardial inﬂammation was

tion of diffuse myocardial ﬁbrosis, a well-recognized

present in 62% of patients. Although the amount of

hallmark in heart failure (2). ECV as measured by

ECV by histology was similar among patient groups

CMR has also been shown to provide additional

with and without myocardial inﬂammation, ECV as

mortality and morbidity information in heart failure

estimated by CMR T1 mapping was signiﬁcantly

populations with reduced (HFrEF) and those with

higher in patients with inﬂammation than in those

preserved ejection fraction (HFpEF) (3,4). However,

without (p ¼ 0.02). In addition, CMR T1 mapping

increases in myocardial free water, as occurs in acute

showed a better diagnostic accuracy with regard to

myocardial edema and inﬂammation, also expand the

the amount of estimated ECV in patients without

interstitial space and hence ECV (1). T1 mapping and

inﬂammation (r ¼ 0.72; p < 0.01) than in those with

ECV have been shown to be sensitive to acute and

inﬂammation (r ¼ 0.24; p ¼ 0.06).

chronic myocardial edema and inﬂammation (5).
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Particularly in patients with reduced ejection fraction, chronic inﬂammation after an episode of acute

These ﬁndings add signiﬁcantly to the ﬁeld. They

myocarditis may be present. Thus, such patients

conﬁrm the theoretical concept of ECV by CMR T1

may be prone to both diffuse myocardial ﬁbrosis

mapping as an estimate of myocardial ﬁbrosis but also

and

myocardial

demonstrate that the accuracy of such measurements

inﬂammation is frequently missed by clinical assess-

is impaired in the presence of myocardial inﬂamma-

ment and requires endomyocardial biopsy for deﬁni-

tion, which involves an expansion of the extracellular

tive diagnosis. Such an invasive approach, however,

space. Assuming that various degrees of myocardial

is costly and carries signiﬁcant risks; it will therefore

inﬂammation and ﬁbrosis potentially coexist, the

not be carried out in every patient qualifying for it,

measured ECV will reﬂect a sum of these different

even more so as therapeutic measures are limited

pathologies but will not inform solely on the extent of

chronic

inﬂammation.

Chronic

myocardial ﬁbrosis.
It now begs the question whether these new
insights also explain discrepant ﬁndings concerning
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superiority of native T1 compared with ECV with

extracellular

respect to its association with outcome (8). Whether

inﬂammation may be important drivers of pump

patients

with

unrecognized

chronic

matrix

accumulation

and

chronic

myocardial

failure. Both pathologies are spotted by CMR T1

inﬂammation were included in that study remains

mapping but cannot be clearly distinguished from

unknown. The Myo-Racer trial, however, reported a

one another. Although ECV and native T1 times have

signiﬁcant superiority of native T1 over ECV for the

been shown to be associated with prognosis in heart

detection of acute myocardial inﬂammation in 129

failure (3,8), deﬁnite cutoffs with regard to prognostic

patients who underwent endomyocardial biopsy in

power and diagnostic accuracy are lacking.

addition to CMR (5). There appear to be profound

Taken together, CMR T1 mapping is a hot topic in

differences in the pathobiological substrates that

heart failure, with many questions still unanswered.

determine event-free survival in HFpEF versus

A close cooperation of CMR imaging experts, heart

HFrEF, which may contribute to the observed dis-

failure specialists, and interventional cardiologists

crepancies in prognostic power of ECV and native T1.

who take myocardial biopsy samples is needed to

Although prognosis in HFrEF is largely driven by

further deﬁne optimal clinical applications of CMR T1

pump failure of the left ventricle, the right ventricle is

mapping in heart failure patients.

a major determinant of event-free survival in HFpEF
(9,10). Right-sided heart failure in HFpEF is a consequence of altered hemodynamics due to myocardial

ADDRESS

stiffness and elevated ﬁlling pressures of the left

Mascherbauer, Department of Internal Medicine II,

FOR

CORRESPONDENCE:

Dr.

Julia

ventricle, which are reﬂected by CMR ECV (4,11). In

Divisions of Cardiology, Medical University of Vienna,

HFrEF patients, after exclusion of coronary artery

Waehringer Guertel 18-20, 1090 Vienna, Austria.

disease and signiﬁcant organic valve disease, both

E-mail: julia.mascherbauer@meduniwien.ac.at.

REFERENCES
1. Taylor AJ, Salerno M, Dharmakumar R, JeroschHerold M. T1 mapping: basic techniques and
clinical applications. J Am Coll Cardiol Img 2016;9:
67–81.
2. Jellis C, Martin J, Narula J, Marwick TH.
Assessment of nonischemic myocardial ﬁbrosis.
J Am Coll Cardiol 2010;56:89–97.
3. Kammerlander AA, Marzluf BA, Zotter-Tufaro C,
et al. T1 mapping by CMR imaging: from histological validation to clinical implication. J Am Coll
Cardiol Img 2016;9:14–23.
4. Duca F, Kammerlander AA, Zotter-Tufaro C,
et al. Interstitial ﬁbrosis, functional status, and
outcomes in heart failure with preserved ejection
fraction: insights from a prospective cardiac
magnetic resonance imaging study. Circ Cardiovasc Imaging 2016;9:e005277.
5. Lurz P, Luecke C, Eitel I, et al. Comprehensive
cardiac magnetic resonance imaging in patients

with suspected myocarditis: the MyoRacer-trial.
J Am Coll Cardiol 2016;67:1800–11.
6. Caforio AL, Pankuweit S, Arbustini E, et al.,
European Society of Cardiology Working Group on
Myocardial and Pericardial Diseases. Current state
of knowledge on aetiology, diagnosis, management, and therapy of myocarditis: a position
statement of the European Society of Cardiology
Working Group on Myocardial and Pericardial
Diseases. Eur Heart J 2013;34:2636–48. 2648a–d.
7. Lurz JA, Luecke C, Lang D, et al. CMR–derived
extracellular volume fraction as a marker for
myocardial ﬁbrosis: the importance of coexisting
myocardial inﬂammation. J Am Coll Cardiol Img
2018;11:38–45.

9. Aschauer S, Zotter-Tufaro C, Duca F, et al.
Modes of death in patients with heart failure and
preserved ejection fraction. Int J Cardiol 2017;228:
422–6.
10. Aschauer S, Kammerlander AA, ZotterTufaro C, et al. The right heart in heart failure
with preserved ejection fraction: insights from
cardiac magnetic resonance imaging and invasive haemodynamics. Eur J Heart Fail 2016;18:
71–80.
11. Rommel KP, von Roeder M, Latuscynski K,
et al. Extracellular volume fraction for characterization of patients with heart failure and preserved
ejection fraction. J Am Coll Cardiol 2016;67:
1815–25.

8. Puntmann VO, Carr-White G, Jabbour A, et al.
T1-mapping and outcome in nonischemic cardiomyopathy: all-cause mortality and heart failure.
J Am Coll Cardiol Img 2016;9:40–50.

KEY WORDS endomyocardial biopsy,
extracellular volume fraction, inﬂammatory
cardiomyopathy, myocardial ﬁbrosis

47

