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Abstract

Aims The purpose of this retrospective single-centre study was to evaluate the non-invasive detection of endomyocardial
biopsy (EMB)-established chronic myocardial inflammation in patients with heart failure with reduced ejection fraction (HFrEF)
using T1 and T2 mapping.
Methods and results The study population consisted of 52 retrospectively identified HFrEF patients who underwent EMB
and cardiac magnetic resonance imaging at 3 Tesla. EMB was defined according to the position statement of the European
Society of Cardiology and served as reference to identify inflammation in all patients. A control group of healthy volunteers
with prior cardiac magnetic resonance imaging studies (n = 58) was also identified. Global and segmental T1 and T2 values
as well as septal measurements and tissue heterogeneity parameters were calculated.
Out of the 52 patients with HFrEF, 33 patients had myocardial inflammation detected by EMB, while 19 patients were EMB
negative for inflammation. Mean left ventricular ejection fraction was 31% in both groups (P = 0.97). Global T1 and T2 values
in HFrEF patients were significantly higher compared with healthy controls (T1 1275 ± 69 ms vs. 1,175 ± 44 ms, P < 0.001; T2
40.0 ± 3.4 ms vs. 37.9 ± 1.6 ms, P < 0.001). The distribution of T1 and T2 values between patients with and without
EMB-proven chronic myocardial inflammation was not statistically different when regarding global (T1 1292 ± 71 ms vs.
1266 ± 67 ms, P = 0.26; T2 40.0 ± 2.6 ms vs. 40.0 ± 3.9 ms, P = 1.0), septal (T1 1299 ± 63 ms vs. 1289 ± 76 ms, P = 0.76;
T2 40.1 ± 3.5 ms vs 40.0 ± 6.4 ms, P = 0.49) or maximum segmental values (T1 1414 ± 111 ms vs. 1363 ± 88 ms, P = 0.15;
T2 47.3 ± 5.2 ms vs. 48.8 ± 11.8 ms, P = 0.53). Mean absolute deviation of segmental T1 and T2 values and
log-transformed pixel-wise standard deviation as parameters of tissue heterogeneity did not reveal statistical significant differ-
ences between inflammation-positive and inflammation-negative HFrEF patients (all P > 0.4).
Conclusions Conventionally performed quantitative T1 and T2 mapping values significantly correlated with prevalence of
HFrEF but did not discriminate HFrEF patients with or without chronic myocardial inflammation in our cohort. This suggests
that EMB is the preferred method to detect chronic myocardial inflammation in HFrEF.
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Introduction

Cardiovascular disease is responsible for approximately 30%
of deaths worldwide. While the majority of cardiovascular
disease deaths are attributable to ischaemic heart disease,
non-ischaemic, non-valvular heart failure still represents a
significant cause of morbidity and mortality.1,2 In patients
with non-ischaemic heart failure with reduced ejection frac-
tion (HFrEF), dilation and impaired contraction of the left or
both ventricles lead to mainly systolic and/or diastolic (bi)
ventricular dysfunction, called dilated cardiomyopathy
(DCM).3 Among patients with non-ischaemic non valvular
heart failure, DCM-like phenotype represents the most com-
mon type of cardiomyopathy with an estimated incidence of
1 in 250 adults.4,5

The aetiologies resulting in a DCM phenotype are
manifold.6 However, myocardial inflammation can often be
observed in HFrEF and may represent a precursor, concomi-
tant factor (i.e. epiphenomenon) or driver of DCM.7,8 Detec-
tion of inflammation may also trigger disease-specific
therapeutic approaches in viral myocarditis and certain forms
auf autoimmune disease (e.g. Churg Strauss vasculitis or giant
cell myocarditis). In selected cases, unspecific immunosup-
pression with azathioprine and prednisolone may be initiated
in addition to pharmacotherapy, which has been shown to
improve left ventricular (LV) function and prognosis in chronic
HFrEF patients with virus-negative inflammation.9

In the diagnostic pathway of HFrEF patients,
endomyocardial biopsy (EMB) enables physicians to detect
or rule out myocardial inflammation, interstitial fibrosis, and
presence of viral genome. According to current consensus
statements, EMB should be performed in the early course
of the disease, in particular in individuals with haemodynamic
compromise or heart rhythm disorders, or who are refractory
to medical therapy. To minimize sampling errors and increase
diagnostic accuracy, current guidelines propose that at least
three samples should be taken.10 While EMB is an invasive
procedure, the complication rate of right or LV EMB is consid-
ered to be low.11,12

Myocardial T1 and T2 mapping techniques in cardiac mag-
netic resonance (CMR) imaging have recently shifted the fo-
cus from qualitative to quantitative analysis of the
myocardial tissue.13–15 There is potential that mapping values
or ranges thereof have the discriminatory ability to help de-
tect subtypes of cardiomyopathies or identify patients at risk.
However, the widespread use of mapping techniques is cur-
rently still hindered by the limitation that T1 and T2 values
are challenging to standardize.16

A major challenge of CMR in chronic heart failure patients
is to differentiate between patients with inflammation ver-
sus those without inflammation, which is probably the most
difficult scenario to face. In a recent study by Spieker et al.,
a T2 cut-off value has been proposed that may help to iden-
tify patients with myocardial inflammation who would

benefit from EMB.17 Because the presence of inflammation
in HFrEF patients may change treatment protocol,2,10 the
possibility to non-invasively and reliably detect myocardial
inflammation has major clinical relevance.

Therefore, the aim of this study was to retrospectively val-
idate the non-invasive detection of immunohistochemically
established myocardial inflammation using T1 and T2 map-
ping in a cohort of stable, chronic HFrEF patients.

Methods

Study population

A total of 157 patients were retrospectively identified who had
undergone EMB and invasive coronary angiography at our ter-
tiary referral centre between November 2015 and October
2017 according to current guideline recommendations.18 Out
of the 157 patients, 57 were found who had also undergone
CMR imaging within a median delay of 2 days relative to the
EMB, which showed LV or biventricular systolic dysfunction
and dilatation in the absence of valvular or coronary heart dis-
ease (‘DCM-like’ phenotypes). Five patients were excluded
due to severe motion artefacts and arrhythmias; the remain-
ing 52 patients were included in this study. In addition, a group
of 58 healthy volunteers that had been previously investigated
to establish reference mapping values for our centre served as
a control group. The study was approved by the local ethics
committee with a waiver for informed consent (837.196.13/
837.477.14).

Cardiac magnetic resonance imaging and
post-processing

CMR was performed using a 3.0 T scanner (MAGNETOM
Prisma, Siemens, Erlangen, Germany) with an 18-channel
body coil. The CMR protocol involved the following acquisi-
tions: (i) cine sequences including horizontal long axis (HLA)
and a stack of short axis (SAX) covering the LV; (b) native T1
mapping in two HLA and three SAX (base, midventricular,
and apex); (c) native T2 mapping in two HLA and three SAX
(base, midventricular, and apex); and (d) phase-sensitive
inversion-recovery images in HLA and SAX orientation cover-
ing the LV for assessment of late gadolinium enhancement af-
ter contrast administration (0.2 mmol/kg gadoteric acid). For
T1 mapping, a commercially available modified Look Locker
inversion-recovery (MOLLI) sequence with a 5(3)3-scheme
was used with TR 280.56 ms, TE 1.12 ms, FOV 360 mm, slice
thickness 8 mm, and flip angle 35°. For T2 mapping, a T2
preparation sequence with three preparation pulses of dura-
tion 0.0, 30.0, and 55.0 ms and a recovery period of 3 heart
beats was used applying the following parameters: TR
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207.39 ms, TE 1.32 ms, FOV 360 mm, slice thickness 8 mm,
and flip angle 12°. For the purpose of this study, T1 and T2
maps were analysed.

T1 and T2 maps were calculated using a third-party dedi-
cated cardiovascular software (CVI 42 v5.9.3, Circle Cardio-
vascular Imaging Inc., Calgary, Canada). Segmentation was
performed according to the American Heart Association
17-segment model,19 and segments with severe artefacts
were excluded from further analyses. To avoid inclusion of
blood or epicardial fat, the inner and outer 25% of the ‘donut’
myocardial regions of interest were discarded.

Endomyocardial biopsy and histological analysis

Selective angiograms of the left and right coronary arteries
were obtained to exclude coronary artery disease. EMB was
performed using a transradial arterial or femoral arterial or
femoral venous access, and ventricular biopsies were taken
from the septal or apical regions under fluoroscopic
guidance.20

Histologic and immunohistologic analyses were performed
in a CAP-accredited laboratory (Institute for Cardiac

Diagnostic and Therapy Berlin, Germany, CAP No. 7182802,
AU-ID:1397839), blinded to the results of CMR. Immunohisto-
chemistry was used for the characterization of inflammatory
infiltrates.10 For immunohistological evaluation, specimens
were embedded in Tissue Tec (SLEE, Mainz, Germany) and
immediately snap frozen in methyl butane that had been
cooled in liquid nitrogen and then stored at �80°C until pro-
cessing. Embedded specimens were cut serially into cryosec-
tions of 5 mm thickness and placed on 10% poly-L-lysine-
pre-coated slides. Myocardial inflammation was diagnosed
by 14.0 lymphocytes/mm2 with the presence of >7.0
CD3 + lymphocytes/mm2 according to the European Society
of Cardiology position statement.8 Furthermore, presence of
macrophages (threshold > 35.0 CD11b+/Mac-1 + macro
phages/mm2) and perforin-positive cytotoxic cells
(threshold > 2.9 cells/mm2) was diagnostic of myocardial
inflammation.21 Antibodies used: CD3 + lymphocytes (Dako,
Glostrup, Denmark, dilution 1:25), CD11a+/LFA-1 +
lymphocytes (Immuno Tools, Friesoythe, Germany, dilution
1:250), and CD11b+/Mac-1 + macrophages (ImmunoTools, di-
lution 1:500). Perforin-positive cellular infiltrates were also
defined by immunohistochemistry (clone δG9, BD Bioscience,
San Jose, CA, USA, dilution 1:150). The staining and

Table 1 Baseline characteristics of the study population

Controls
(n = 58)

EMB� HFrEF
(n = 19)

EMB+ HFrEF
(n = 33)

P
valuea

Age, years 50 ± 15 54 ± 18 53 ± 14 0.85
Sex, n (%) Male 32 (55) 14 (74) 23 (70) 1.0

Female 26 (45) 5 (26) 10 (30)
BMI, kg/m2 24.1 ± 4.1 27.4 ± 6.6 27.8 ± 5.6 0.67
Symptoms, n (%) Dyspnoea 0 15 (79) 25 (76) 1.0

Palpitations 0 8 (42) 6 (18) 0.10
NYHA I II 0 12 (63) 23 (70) 0.76
NYHA III IV 0 7 (37) 10 (30)
Decompensation 0 11 (58) 22 (67) 0.56

Onset of Symptoms, n (%) <2 weeks 0 5 14 0.35
2 weeks–3 months 0 8 8
>3 months 0 6 11

Heart rhythm disorders, n (%) Ventricular arrhythmias 0 1 (5) 2 (6) 1.0
Bundle branch block 0 11 (58) 12 (36) 0.16

Left ventricular ejection fraction,
%

60 ± 6 31 ± 13 31 ± 12 0.97

NT-proBNP, pg/mL, median
[IQR]

n/a 300 [151–967] 409 [106–1,083] 0.90

EMB results Lymphocyte count/mm2, median [IQR] n/a 9 [3–11] 27 [18–40] <0.001
CD3 + cell count/mm2, median [IQR] n/a 1 [0–3] 15 [8–30] <0.001
MAC1 + cell count/mm2, median [IQR] n/a 16 [9–22] 48 [36–68] <0.001
Perforin + cell count/mm2, median [IQR] n/a 0.0 [0.0–0.0] 0.1 [0.0–2.2] 0.004
Viral infection with active replication, n
(%)b

n/a 1 (5)c 1 (3)d 1.0

Fibrosis, n (%) n/a 12 (63) 24 (73) 0.54

EMB� HFrEF, EMB negative for inflammation; EMB+ HFrEF, EMB positive for inflammation.
aComparison between EMB� and EMB+ HFrEF patients.
bAround 16 out of 19 of EMB� HFrEF patients (80%; viral types were erythrovirus, n = 12; and HHV; n = 6) and 26 out of 33 EMB+ HFrEF
patients (81%; viral types were erythrovirus, n = 23; HHV, n = 10; and EBV, n = 2) showed presence of viral genome without active rep-
lication. The sum of the viruses can be more than 100% because patients could have more than one viral genome present.

cViral type was Erythrovirus (number of copies 1195/μg DNA).
dViral type was Erythrovirus (number of copies 1063/μg DNA).
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peroxidase reactions in all samples were carried out identi-
cally for all samples.22 Immunoreactivity was quantified by
digital image analysis.23

Statistical analysis

Statistical analysis was performed using the statistical soft-
ware package R 3.5.1.24 All continuous data are given as

mean ± standard deviation or median with interquartile
range, where appropriate. Testing for group differences was
performed by using the exact Fisher test, Wilcoxon
sum-rank test, or Welch independent T-test after assessing
normality distribution of data. Besides comparing mean and
maximum values of global, midventricular, and septal regions
of interest, mean absolute deviation of segmental and
log-transformed pixel-wise standard deviation were com-
puted and evaluated as proposed previously.25 Linear support

Figure 1 Scatterplots of (A) mean T1 times and (B) mean T2 times in relation to MAC1 + cell count with regression lines depicted in blue. Red vertical
line at MAC1 + cell count = 35/mm

2
depicting cut-off.

Table 2 Comparison of quantitative T1 and T2 values in the heart failure with reduced ejection fraction groups

EMB� HFrEF (n = 19) EMB+ HFrEF (n = 33) P value

T1, ms Global mean 1292 ± 71 1266 ± 67 0.26
Midventricular mean 1280 ± 68 1258 ± 68 0.35
Midventricular septal 1299 ± 63 1289 ± 76 0.76
Maximum segmental 1414 ± 111 1363 ± 88 0.15

T2, ms Global mean 40.0 ± 2.6 40.0 ± 3.9 1.00
Midventricular mean 39.6 ± 2.4 40.0 ± 5.1 0.82
Midventricular septal 40.1 ± 3.5 40.0 ± 6.4 0.49
Maximum segmental 47.3 ± 5.2 48.8 ± 11.8 0.53

MAD mean segmental T1, ms 45.3 ± 15.9 42.8 ± 18.3 0.47
mean segmental T2, ms 2.5 ± 0.9 2.9 ± 2.0 0.68
log-transformed pixel standard deviation T1 0.31 ± 0.07 0.29 ± 0.08 0.40
log-transformed pixel standard deviation T2 0.27 ± 0.08 0.29 ± 0.14 0.87

EMB�, EMB negative for inflammation; EMB+, EMB positive for inflammation; MAD, mean absolute deviation.
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vector machines were fitted using the R package ‘e1071’
(https://CRAN.R-project.org/package=e1071, last accessed
30.11.2019). P values < 0.05 were considered statistically
significant.

Results

Out of the 52 patients with HFrEF and DCM-like phenotype,
33 patients had myocardial inflammation detected by EMB,
while 19 patients were EMB negative for inflammation. Mean
LV ejection fraction was 31% in both groups. Further baseline
characteristics of the patient cohort as well as the healthy
control group are depicted in Table 1.

Mean global T1 and T2 values in HFrEF patients were sig-
nificantly higher compared with healthy volunteers (T1
1275 ± 69 ms vs. 1175 ± 44 ms, P < 0.001; T2
40.0 ± 3.4 ms vs. 37.9 ± 1.6 ms, P < 0.001). However, the dis-
tribution of T1 and T2 values between patients with and with-
out EMB-proven myocardial inflammation was not
statistically different when regarding global (P = 0.26 and

P = 1.0 respectively), midventricular septal (P = 0.76 and
P = 0.49, respectively), or maximum segmental values
(P = 0.15 and P = 0.53, respectively, cf. Table 2 and Figures
1 and 2). Mean absolute deviation of segmental T1 and T2
values and log-transformed pixel-wise standard deviation as
parameters of tissue heterogeneity did not reveal statistical
significant differences between inflammation-positive and
inflammation-negative HFrEF patients (Table 2).

The distribution of T1 and T2 relaxation times is shown in
Figure 3. While the relaxation times of healthy volunteers
were more tightly clustered around their lower mean relaxa-
tion times, HFrEF patients showed a larger variance especially
regarding T2 relaxation times. Correspondingly, fitting a linear
support vector machine to classify healthy volunteers from
patients with HFrEF resulted in 86% sensitivity (50/58) and
83% specificity (43/52), whereas fitting a linear support vec-
tor machine to classify inflammation-negative from
inflammation-positive chronic HFrEF patients resulted in
88% sensitivity (29/33) and a poor 16% specificity (3/19).

An exemplary depiction of two patients with similar T1 and
T2 relaxation times but different inflammation status is
displayed in Figure 4.

Figure 2 Mean T1 and T2 times with regards to group and inflammation. HV, healthy volunteers; EMB� HFrEF DCM, HFrEF patients without inflam-
mation in EMB; EMB+ HFrEF, HFrEF patients with inflammation in EMB.
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Discussion

In this retrospective analysis of our monocentric cohort of
HFrEF patients with DCM phenotype, both T1 and T2 map-
ping were robust identifiers of diseased patients compared
with healthy controls. However, neither conventionally
assessed global T1 and T2 mapping values nor mapping vari-
ants such as midventricular septal measurements or mean
absolute deviations were able to significantly discriminate
presence from absence of myocardial inflammation in pa-
tients with chronic HFrEF.

Compared with a control group of healthy volunteers, both
T1 and T2 relaxation times were significantly elevated in our
cohort of HFrEF patients. This is in accordance with previously
published studies.26,27 However, literature on the perfor-
mance of CMR to detect chronic inflammation in patients

with HFrEF is limited. In their cohort, Spieker et al. demon-
strated a significant difference in the distribution of T2 times
in patients with and without inflammatory cells.17 However, it
is important to note that their T2 cut-off value did not help to
single out patients with presence of inflammatory cells but
rather was a cut-off below which patients did not show in-
flammatory cells in EMB.

Baessler et al. investigated texture analysis in a subset of
magnetic resonance imaging in myocarditis (MyoRacer) trial
patients (ClinicalTrials.gov registration no. NCT02177630),
which consisted of patients with chronic heart failure-like
myocarditis.28 In their publication, the authors did not find
significant differences in conventional T1 and mean T2 times
in 26 patients with EMB-proven inflammation and 14 patients
without EMB-proven inflammation (1066 ± 752 ms vs.

Figure 3 Linear SVM classifiers fitted to the cohort (small dotted points indicate prediction of SVMs, larger points indicate ground truth). SVM, support
vector machine; EMB� HFrEF, HFrEF patients without inflammation in EMB; EMB+ HFrEF, HFrEF patients with inflammation in EMB.
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1066 ± 688 ms, P = 0.83; and 63.4 ± 5.3 ms vs. 61.1 ± 3.1 ms,
P = 0.22, respectively). However, the size of their patient co-
hort was small. In an older study by Lurz et al. that did not
use mapping techniques, the diagnostic performance of
CMR in patients with suspected chronic myocarditis was not
sufficient to guide clinical management as well.29

There are multiple differences between the aforemen-
tioned referenced studies and our investigation that may ex-
plain the discordant outcome of the three studies. While
Spieker et al. and Baessler et al. conducted CMR scans at
1.5 T, we performed the studies at 3.0 T. Furthermore, there
is a variety of T1 mapping techniques, such as MOLLI, short-
ened MOLLI (ShMOLLI), and saturation recovery single shot
acquisition, that may provide different T1 results. For T1
mapping, Baessler et al. used a 3(3)5MOLLI scheme, whereas
a 5(3)3 MOLLI scheme was used in our study. T2 maps are
calculated using either a multiecho spin-echo or a
steady-state free precession sequence.30,31 In the MyoRacer
trial, T2 maps were only acquired at 1.5 T.32 The impact of
the field strength and the chosen mapping technique on
the ability to detect myocardial inflammation remains un-
known. Interestingly, 1.5 T might prove more sensitive than
3.0 T for the detection of myocardial oedema and therefore
be favourable for diagnosis of acute myocardial inflamma-
tion. It is also important to note that the definition of inflam-
mation differs between the studies. While Spieker et al.
considered the presence of >14 infiltrating leucocytes/mm2

and the presence of >2 CD3-positive lymphocytes per

high-power field as diagnostic for myocardial inflammation,17

Baessler et al. set the cut-off value of at least 20 infiltrating
immune cells per square millimetre (CD3 T-lymphocytes
and/or CD68 macrophages) as diagnostic for myocardial
inflammation.28

In addition to quantitative analysis of mapping values, tex-
ture analysis and radiomics of T1 and T2maps have become a
focus of investigations lately across all radiological fields.33,34

While preliminary studies are promising, texture analysis soft-
ware regularly outputs a large number of parameters,
resulting in challenging data interpretation because multiple
hypothesis testing has to be taken into account and repro-
ducibility has been limited up to date.35

As current guidelines state that immunosuppression may
be considered after detection of virus-negative myocardial in-
flammation by EMB in selected cases,2,9 failure of CMR to re-
liably detect inflammation fosters the role of EMB in the
work-up of chronic HFrEF and DCM patients, or the need
for a combined work-up including CMR and EMB, for the time
being.36 Therefore, in contrast to acute phase, in patients
with chronic heart failure, the diagnostic performance of
CMR has to be considered as not sufficient to guide clinical
management so far.

The rate of adverse events related to EMB is low and com-
bination with coronary angiography is possible.37 Position pa-
pers also postulate that follow-up EMB may be required to
guide the intensity and length of immunosuppression.8

Therefore, future studies should evaluate the predictive

Figure 4 Exemplary figure of two patients with similar T1 and T2 relaxation times, but different inflammation status (upper row myocardial T1 time
1277 ms, T2 time 38 ms, lymphocyte count 4/mm2, MAC 1 + count 4/mm2; lower row myocardial T1 time 1247 ms, T2 time 39 ms, lymphocyte count
38/mm2, MAC 1 + count 52/mm2).
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ability of quantitative mapping analyses to compare initial
and follow-up CMR studies with respect to inflammatory
changes in EMB.

Our study has some limitations. First and foremost, the
study was single-centred and conducted in a retrospective
fashion. Moreover, our final sample size was limited
consisting of only 52 patients. While EMB is widely accepted
as the gold standard for diagnosing myocardial inflammation,
a sampling error leading to false-negative results cannot be
excluded.

In conclusion, conventionally performed quantitative T1
and T2 mapping values were not able to reliably detect myo-
cardial inflammation in chronic HFrEF patients with DCM phe-
notype in our cohort, thus suggesting that EMB should
remain an essential part in the diagnostic work-up to test
for myocardial inflammation. There is hope that further tex-
ture analysis approaches have the potential to overcome
the hurdles in quantitative T1 and T2 mapping. However,
while preliminary studies have been promising, reproducibil-
ity has still to be demonstrated.
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