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Abstract

Introduction: Tachycardia-induced cardiomyopathy (TCM) has been known for decades as a reversible form of non-ischemic

cardiomyopathy. However, its mechanism and properties remain poorly understood. Methods: This retrospective study in-

vestigated endomyocardial biopsy samples from 18 patients with TCM and compared them with samples from 170 patients

with dilated cardiomyopathy (DCM), and 496 patients with inflammatory cardiomyopathy (ICM). Results: 684 patients with

recent-onset heart failure and reduced ejection fraction not caused by valvular or ischemic heart disease were analyzed. In the

TCM group, 81% were male, mean age was 60±13 years, and 94% had heart failure symptoms [?]2 NYHA class. At baseline

(BL), 78% had atrial fibrillation/flutter, and 11% inappropriate sinus tachycardia, heart rate was higher compared to DCM

and ICM patients (122+-25 versus 78+-21; p<0.001). Mean ejection fraction at BL was lower compared to DCM and ICM

(27+-12% versus 39.0+-14.6%; p=0.001), but improved significantly more during follow-up (FU) (20% versus 6%; p<0.001).

At FU, heart rate and presence of sinus rhythm were similar in all groups. 69% of TCM patients underwent electrical cardiover-

sion or ablation. Compared with DCM patients, TCM patients had a stronger myocardial expression of MHC class II and an

equal amount of infiltration with T-cells/macrophages. Compared with ICM patients, the presence of T-cells/macrophages was

significantly lower in TCM. The marker of apoptosis (caspase 3) was comparably elevated in TCM/ICM patients. Conclusion:

TCM is characterized by immuno-histological changes comparable to DCM except for caspase 3 levels, which were similar to

those in ICM.

Introduction

Long-standing tachycardia is a well-recognized cause of heart failure and left ventricular dysfunction and
has led to the nomenclature, tachycardia-induced cardiomyopathy (TCM) [1]. TCM is generally partially or
entirely reversible with adequate treatment of the underlying arrhythmia. Therapeutic options include drug
therapy, cardioversion, or interventional/surgical ablation [1].

The diagnosis is usually made retrospectively after normalization of heart rate and recovery of left ventricular
function (LVEF). The first documented case was described in 1913 in a young patient with atrial fibrillation
and symptoms of heart failure [2]. However, the knowledge of the underlying pathophysiological mechanisms
and histopathological changes is still limited.

Various animal studies have described the molecular pathophysiological features of TCM [3,4]. Induction
of cardiomyopathy through rapid pacing in various animal models has provided insight into the changes

1
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that occur within the myocyte as well as the surrounding extracellular matrix [3,4]. In particular, sustained
tachycardia causes changes in calcium homeostasis, matrix remodeling, and fibrosis, as well as neurohormonal
activation parameters [5,6,7]. A study by Mueller et al. showed changes in cardiomyocyte and mitochondrial
morphology accompanied by macrophage-dominated inflammation in TCM [8].

This study aimed to analyze endomyocardial biopsy samples from patients with TCM and compared them
with samples from patients with dilated cardiomyopathy (DCM) and inflammatory cardiomyopathy (ICM).

Methods

A retrospective analysis was performed in consecutive patients treated at our institution with an LVEF [?] 50
% presenting with new-onset non-ischemic HF. The definition of TCM included: 1) heart rate on admission
> 100 beats/min and evidence of prolonged elevated heart rate; 2) recovery of LVEF after the restoration
of sinus rhythm or rate control (> 5 % absolute increase in LVEF [9]); and 3) exclusion of other causes of
HF. The decision to perform EMB was based on clinical criteria and indications, as described previously
[10,11,12,13]. Cardiomyopathies were defined according to classification criteria from the American Heart
Association and the European Society of Cardiology [12,13,14]. Coronary artery disease as the cause of the
reduced LVEF had to be excluded using coronary angiography before a patient was eligible for inclusion in
the study. All patients were medically treated according to current guidelines, depending on the degree of
HF symptoms and LVEF development [15].

LVEF was estimated by echocardiography using the modified Simpson’s rule with images obtained from apical
4- and 2-chamber views. The study conformed to the principles outlined in the Declaration of Helsinki, and
the local ethics committee approved the research protocol.

Endomyocardial biopsy analysis.

Biopsy specimens were taken with a dedicated bioptome (B-18110-S; 4.5 mm³, Mohnheim, Germany) advan-
ced through various 7F or 8F coronary guiding catheters (JR4.0/AL1.0/JL4.0, Medtronic, Danvers, Mass).
At least four biopsy specimens (median, n = 5) with a diameter of 1-3 mm were harvested under strictly
sterile conditions. Two to three biopsy specimens were fixed in 4% buffered formaldehyde for hematoxylin
and eosin, Masson’s trichrome, and Giemsa staining and performance of immunohistology. Another two to
three cardiac tissue samples were quick-frozen or fixed in RNAlater (Ambion Inc, Foster City, Calif) for
PCR detection of viral genomes without loss of sensitivity [16]. Biopsy specimens were investigated within
24 hours. Immunohistological staining and detection of viral genomes were performed as previously described
[16,17].

Statistical analysis

Continuous variables are reported as mean value ± standard deviation or median and interquartile ranges
(25th–75th percentiles) if appropriate. The normality of distribution was tested with the D’Agostino-Pearson
omnibus normality test. Categorical variables are presented as absolute (n) and relative (%) frequencies. The
one-way ANOVA for multiple comparisons or the Kruskal-Wallis tests were used depending on the presence
or absence of normal distribution of continuous variables. The Fisher-exact test was used for categorical
variables. The paired T-test was used to compare baseline and follow-up continuous variables. A probability
value of < 0.05 was considered to be statistically significant. Statistical analysis was performed using the
GraphPad Prism version 6.02 for Windows (GraphPad Software, La Jolla, California, USA).

Results We studied a cohort of 684 consecutive patients with recent-onset heart failure (HF) and reduced
LVEF [?] 50% not caused by valvular or ischemic heart disease. In total, 18 patients retrospectively
fulfilled criteria for TCM. The clinical characteristics of these patients were compared with 496 patients with
inflammatory cardiomyopathy (ICM) and with 170 patients with dilated cardiomyopathy (DCM).

Baseline characteristics

In the TCM group, 83.3 % of patients were men; the mean age of the study population was 57 +- 13.0 years.
Of these patients, 94.4 % had HF symptoms of New York Heart Association (NYHA) functional class [?]

2
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II, being borderline significant compared to DCM and ICM patients (Table 1). The prevalence of fever was
higher in the ICM group. Patients with TCM presented with a mean heart rate of 122 +- 25 beats/min. At
baseline, 72.2 % of patients had atrial fibrillation or typical atrial flutter, the remaining patients presented
with inadequate sinus tachycardia, atypical AV-node reentry tachycardia, or frequent premature ventricular
complexes each (Table 1).

The majority of TCM patients received rhythm control therapy. Of these, 44.4 % underwent electrical
cardioversion, and 38.9 % also underwent ablation. Heart rate at follow-up was similar in all groups, a
finding indicating sufficient efficacy of antiarrhythmic therapy in patients with TCM (Table 1). On admission,
patients with TCM had LV end-diastolic diameter similar to those of patients with DCM; however, LVEF
at baseline was significantly lower in the TCM group (Table 2). As expected, the improvement of LVEF was
significantly greater in patients with TCM compared with patients with ICM or DCM (Figure 1).

Table 1 : Baseline characteristics

Abbreviations: CCS: Canadian Cardiovascular Society; COPD: Chronic obstructive pulmonary disease;
DCM: dilated cardiomyopathy; ICM: inflammatory cardiomyopathy; IQR: interquartile range; LVEDD: left
ventricular end-diastolic diameter; NYHA: New York Heart Association; PVC: premature ventricular con-
traction; SD: standard deviation; SVT: supraventricular tachycardia; TCM: tachycardia-induced cardiomy-
opathy; VT: ventricular tachycardia. The numbers highlighted in boldface indicate statistically significant
differences between groups.

Table 2: Biomarkers and echocardiographic characteristics.

Abbreviations: CK-MB: creatinine kinase; FU: follow-up; IQR: interquartile range; LA: left atrium; LVEDD:
left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction; NT-BNP: brain natriuretic
peptide; RV: right ventricle. The numbers highlighted in boldface indicate statistically significant differences
between groups.

* p < 0.001 Baseline versus follow up

Figure 1 : Absolute LVEF changes during FU

TCM: tachycardia-induced cardiomyopathy; ICM: inflammatory cardiomyopathy; DCM: dilated cardiomy-
opathy; ***: p-value < 0.001 compared to TCM

Endomyocardial characteristics

The presence of viral genomes in the TCM group was comparable to that of the DCM group, as was the
presence of biomarkers of myocardial damage in the groups.

Histological findings

We compared histological findings in patients with TCM with findings in patients who had ICM or DCM.
We found distinct differences in the presence of T cells, which were strongly associated with ICM (0.2 cells
in high power field (HPF) in TCM vs. 1.1 cells in HPF in ICM vs. 0.27 cells in HPF in DCM; overall p
< 0.0001) (Figure 2A). The presence of CD 68 positive macrophages was not significantly more frequent in
patients with TCM compared with DCM, but less frequent compared with patients with ICM (0.45 cells in
HPF in TCM vs. 0.47 cells in HPF in DCM vs. 1.1 cells in HPF in ICM; overall p < 0.0001) (Figure 2B).

Figure 2: Comparison of Biopsies.

(A) CD3+ T cells and (B) CD68+macrophages as well as (C) immunohistological score of myocardial fibrosis
(trichrome staining), and (D) anti–cleaved caspase 3 are compared in myocardial biopsy samples from pa-
tients with tachycardia-induced cardiomyopathy (TCM), inflammatory cardiomyopathy (ICM), and dilated
cardiomyopathy (DCM).

***: p-value < 0.001 compared to TCM; ns: not significant compared to TCM

3
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In patients with TCM, MHC-II (anti–major histocompatibility complex class II) expression was similar to
that in patients with ICM and significantly enhanced compared with DCM (38.9 % in TCM vs. 54.4% in
ICM vs. 4.1% in DCM; overall p < 0.0001) (Figure 3).

Figure 3: MHC-II (anti–major histocompatibility complex class II) expression

TCM: tachycardia-induced cardiomyopathy; ICM: inflammatory cardiomyopathy; DCM: dilated cardiomy-
opathy; ***: p-value < 0.001 compared to TCM

Patients with TCM had a moderately increased degree of fibrosis which was slightly higher in patients with
DCM and ICM (fibrosis score [0 to 4]: 1.6 in TCM vs. 2.1 in ICM vs. 1.9 in DCM; severe fibrosis: 6.7 % in
TCM vs. 8.9 % in ICM vs. 17.6 % in DCM; overall p=0.45) (Figure 2C).

Apoptosis and cell death are essential issues in HF. The presence of cleaved caspase 3, a specific indicator for
apoptosis, was lowest in the DCM (48 % cells in HPF in TCM vs. 50 % cells in HPF in ICM vs. 42 % cells
in HPF in DCM; overall p < 0.0001). Notably, despite the excellent recovery potential of TCM, the marker
of apoptosis in patients with TCM was elevated o a similar degree compared to those with ICM (Figure 2D).

Histological findings in sinus rhythm and atrial fibrillation

In order to further evaluate the impact of atrial fibrillation or tachycardia itself on endomyocardial biopsy
findings, we compared patients in atrial fibrillation (n = 112) on admission and those in sinus rhythm (n =
553), irrespective of their admission heart rate. In this comparison, we were not able to demonstrate any
significant difference between patients in sinus rhythm and those in atrial fibrillation with respect to CD 3
positive cells (0.84 +- 0.86 versus 0.82 +- 0.76 cells in HPF; p = 0.88), CD 68 positive cells (0.93 +- 0.72
versus 0.97 +- 0.75 cells in HPF; p = 0.58), MHC II (55.7 % versus 60.4 % positive biopsies; p = 0.75),
fibrosis score (2.0 +- 1.2 versus 2.2 +- 1.2; p = 0.14), and cleaved caspase 3 (46 +- 16 % versus 45 +- 16 %;
p = 0.46) – Figure 4.

Figure 4:Immunohistochemical findings in patients with sinus rhythm versus atrial fibrillation

(A) CD3+ T cells and CD68+macrophages, (B) immunohistological score of myocardial fibrosis (trichrome
staining), (C) MHC-II (anti–major histocompatibility complex class II) expression, and (D) anti–cleaved
caspase 3 are compared in myocardial biopsy samples from patients with tachycardia-induced cardiomyopathy
(TCM), inflammatory cardiomyopathy (ICM), and dilated cardiomyopathy (DCM).

ns: not significant compared to TCM

Recovery of LVEF in patients with tachycardia-induced cardiomyopathy

The absolute LVEF improvement of the total TCM cohort after a median of six months of FU was 21 %
(Table 1). We arbitrarily defined a group of TCM patients with good LVEF recovery (mean absolute LVEF
improvement > 21 %) and compared it to the remaining TCM patients with an absolute LVEF improvement
of [?] 21 %. The echocardiographic findings at baseline in the group with LVEF recovery > 21 % were
significantly worse compared to the group with LVEF recovery of [?] 21 % - Table 3. Otherwise, we were not
able to demonstrate any significant differences between the two groups for baseline characteristics, clinical
presentation, rhythm at FU, and immunohistochemical findings.

Table 3 : Characteristics of TCM patients with improved LVEF during follow-up

Abbreviations: BL = baseline; FU = follow up; IQR: interquartile range; LA: left atrium; LVEDD: left
ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction; NT-BNP: N-terminal brain na-
triuretic peptide; RV: right ventricle. The numbers highlighted in boldface indicate statistically significant
differences between groups.

* p < 0.001 Baseline versus follow up

Discussion
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Our retrospective study was designed to elucidate EMB results in patients with TCM further.

Definition and diagnosis

Arrhythmia characteristics contributing to TCM include not only the heart rate but also the arrhythmia type,
duration, irregularity, and persistence [18]. An arrhythmia that is insidious, persistent, and well-tolerated is
more likely to result in TCM [18]. Lack of persistent tachycardia from autonomic influences and resultant
slower rates during sleep are likely to be the reasons that TCM is rare with inappropriate sinus tachycardia
and postural orthostatic tachycardia syndrome. However, the average heart rate can be > 100 beats/min.
There is no specific heart rate cutoff at which TCM develops, it seems to be age-dependent, and a heart rate
two-times faster than the normal heart rate can be considered as a threshold for TCM [19].

Immunohistological findings

Myocardial infiltration with large amounts of macrophages and T-cells is regularly observed in ICM [8]
and was also present in ICM patients in our group. Patients fulfilling the criteria of TCM had a distinct
pattern compared to ICM patients. The presence of macrophages and T-cells was significantly lower in the
TCM group and more comparable to alterations seen in DCM patients. These findings are in some contrast
to a study of EMB results in TCM patients, where the authors demonstrated a macrophage-dominated
myocardial inflammation [8], which has been described in animal studies as well [20]. These differences to
our results might be, at least in part, explained by the relatively short duration of tachycardia in our cohort,
which was 25 % shorter compared to the animal studies; Mueller and colleagues did not report the duration
of symptoms [8]. However, the relationship between arrhythmia to cardiomyopathy and the development of
symptoms is difficult to determine because an arrhythmia could exist for a long time before its recognition
and before TCM develops [18]. A study of 24 patients with TCM and HF, the median time from onset of
arrhythmia to cardiomyopathy, and the development of HF was 4.2 years [21]. Also, in animal rapid atrial
pacing TCM-models, there is a compensatory phase whereby LV dilatation, extracellular matrix remodeling,
and neurohumoral activation occurs, but severe LV dysfunction does not. This phase is followed by a phase
in which LV dysfunction becomes manifest and associated with defects in excitation-contraction coupling
and LV myocyte remodeling and dysfunction [18]. So, the time point of EMB during the disease course will
most probably have a significant impact on the results of the immunohistochemical analysis.

Chicken or egg in tachycardia-induced cardiomyopathy

It is intriguing to speculate in clinical settings whether atrial fibrillation itself, the resulting tachycardia
(of any reason), or the combination of both leads to severely reduced left ventricular ejection fraction. A
study demonstrated impaired myocardial energetics resulting in subtle left ventricular dysfunction despite
successful catheter ablation in patients with ”lone” atrial fibrillation [22]. Moreover, although the majority
of TCM patients usually have a substantial improvement in mean ejection fraction, not all of them have
a normalized LVEF at FU. Also, in our study, there was a group of TCM patients with excellent recovery
(mean absolute LVEF improvement 34 +- 6.1 %) and almost normalization of LVEF to a mean of 52 %,
but 56 % of our TCM patients had significantly less improvement of LVEF (8.1 +- 11 %) with a mean
LVEF of 41 % after six months. This raises the possibility that underlying cardiomyopathy may have been
exacerbated by uncontrolled tachycardia. Even if the LVEF improves, it is unclear whether this means cure
[18] as the recovery of LVEF may not imply normalization of LV structure and function [18]. Notably, we
found a relevant amount of fibrosis in TCM and also elevated markers of cardiomyocyte apoptosis (cleaved
caspase 3) comparable to ICM patients in our series. This was also demonstrated in a study with 19 TCM
patients [8] and might contribute to incomplete LVEF recovery after a ”point of no return” has been passed.

To further address the chicken and egg issue, we compared the endomyocardial biopsy results of patients
with atrial fibrillation (AF) on admission and those in sinus rhythm irrespective of admission heart rate.
We were not able to demonstrate any significant differences between the AF or sinus rhythm group, which
is supported by similar results reported by Mueller et al. [8].

The potential role of human activated pluripotent stem cell cardiomyocytes (iPSC-KM), which mainly medi-
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ate the contractile dysfunction in persistent tachycardia, is currently investigated. The underlying functional
electrophysiologic mechanisms will be assessed by measuring the action potential and ion-currents as well
as by analyzing the cellular ion homeostasis [23]. Next-generation sequencing and gene-expression profiles
will help to analyze the underlying targets of persistent tachycardia in the myocardium and the type of
regulation [23]. This is especially important as defined subgroups, e.g., patients with homozygous deletion
polymorphism in the angiotensin-converting enzyme gene, have a higher probability of developing TCM
when faced with persistent tachycardia, suggesting a potential genetic link [18,24].

Limitations

The results of this study should be interpreted with some caution as it is based on retrospective observational
data from a single academic center. Another limitation is the overall low number of patients with TCM.
Although viral genomes were found in a few patients with TCM but with no signs of viral myocarditis, we
cannot entirely exclude a pathological role (including atrial myocarditis) of the detected viruses in these
patients.

Conclusions

The main results of our study are: (1) Compared with patients with DCM, patients with TCM demonstrated
significantly stronger myocardial expression of major histocompatibility complex class II molecule and an
equal amount of infiltration with CD3+ T-cells and CD68+ macrophages. (2) Compared with patients with
inflammatory cardiomyopathy, the presence of T-cells and macrophages was significantly lower in TCM. (3)
Myocardial fibrosis was detected to a lower degree in patients with TCM compared with DCM and ICM.
(4) The marker of apoptosis (cleaved caspase 3) was comparably elevated in TCM and ICM patients and
significantly lower in the DCM group. Finally, we were not able to demonstrate on an immunohistological
level significant differences neither in TCM patients in sinus rhythm versus atrial fibrillation at baseline nor
in TCM patients with LVEF improvement larger than the mean of the total cohort (21 %) compared to
TCM patients with less LVEF improvement.

Further prospective studies are warranted for better characterization of patients with TCM by EMB, which
could help identify patients with TCM.

Conflict of interest: none declared
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Tables

Table 1 : Baseline characteristics

Clinical
characteristics

All patients (n
= 684) (100 %)

TCM (n = 18)
(2.6 %)

ICM (n = 496)
(72.7 %)

DCM (n = 170)
(24.9 %)

p-Value

Age [years];
Mean ± SD

57 ± 13 60 ± 13 56 ± 14 58 ± 14 0.34

Sex [male] 495 (72.6 %) 15 (83.3 %) 356 (71.8 %) 126 (75.9 %) 0.62
Comorbidities Comorbidities Comorbidities Comorbidities Comorbidities Comorbidities
Coronary
artery disease

28 (4.1 %) 2 (11.1 %) 21 (4.2 %) 5 (2.9 %) 0.58

Prior coronary
artery bypass
grafting

6 (0.8 %) 0 (0.0 %) 6 (1.2 %) 0 (0.0 %) 1.00

Prior
percutaneous
coronary
intervention

16 (2.3 %) 2 (11.1 %) 12 (2.4 %) 2 (1.2 %) 0.76

History of
myocardial
infarction

46 (6.7 %) 0 (0.0 %) 40 (8.1 %) 6 (3.5 %) 0.34

Arterial
hypertension

448 (65.7 %) 13 (72.2 %) 318 (64.1 %) 119 (70.0 %) 0.37

Diabetes
mellitus

179 (26.2 %) 8 (44.4 %) 130 (26.2 %) 42 (24.7 %) 0.25

Hyperlipidemia 282 (41.3 %) 7 (38.9 %) 203 (40.9 %) 73 (42.9 %) 0.71
Peripheral
artery disease

18 (2.6 %) 1 (5.6 %) 11 (2.2 %) 6 (3.5 %) 1.00
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Prior transient
ischemic
attack or
stroke

32 (4.6 %) 3 (16.7 %) 22 (4.4 %) 8 (4.7 %) 0.37

Chronic
obstructive
pulmonary
disease

79 (11.6 %) 3 (16.7 %) 58 (11.7 %) 18 (10.6 %) 1.00

Clinical
presentation

Clinical
presentation

Clinical
presentation

Clinical
presentation

Clinical
presentation

Clinical
presentation

Heart rhythm
on admission
Sinus rhythm 554 (81.0 %) 2 (11.1 %) 404 (81.5 %) 148 (87.0 %) < 0.0001
PVC 1 (0.2 %) 1 (5.6 %) 0 (0.0 %) 0 (0.0 %)
Atrial fibrillation 119 (17.4 %) 13 (72.2 %) 87 (17.5 %) 19 (11.2 %)
Atrial flutter 5 (0.7 %) 1 (5.6 %) 2 (0.4 %) 2 (1.2 %)
SVT 2 (0.3 %) 1 (5.6 %) 1 (0.2 %) 0 (0.0 %)
VT 3 (0.4 %) 0 (0.0 %) 2 (0.4 %) 1 (0.6 %)
Heart rate
[beats/min]

78 ± 21 122 ± 25 78 ± 21 76 ± 14 < 0.0001

Duration of
symptoms
[days]; Mean
± SD

87 ± 162 21 ± 17 87 ± 169 88 ± 157 0.04

Fever 110 (16.1 %) 1 (5.6 %) 89 (17.9 %) 20 (11.8 %) 0.03
Acute
coronary
syndrome

166 (24.3 %) 4 (22.2 %) 122 (24.6 %) 40 (23.5 %) 1.00

CCS
functional
class [?] II

297 (43.6 %) 4 (22.2 %) 224 (45.2 %) 69 (40.6 %) 0.19

NYHA
functional
class [?] II

480 (70.4 %) 17 (94.4 %) 351 (70.8 %) 114 (67.1 %) 0.05

Fatigue 224 (32.8 %) 6 (33.3 %) 173 (34.9 %) 47 (27.6 %) 0.18
Pulmonary
edema

76 (11.1 %) 2 (11.1 %) 60 (12.1 %) 15 (8.8 %) 0.41

Syncope 46 (6.7 %) 2 (11.1 %) 31 (6.3 %) 13 (7.6 %) 0.53
Body-mass-
index [kg/m²];
Mean ± SD

28 ± 5.1 27 ± 3.4 28.6±5.3 28 ± 4.9 0.68

Blood pressure
[mmHg]
systolic 134 ± 22 133 ± 22 133 ± 21.8 138 ± 23 0.02
diastolic 80 ± 12 84 ± 17 80 ± 11.4 82 ± 13 0.15
mean 97 ± 14 100 ± 19 96 ± 13.5 100 ± 15 0.004
Peripheral
edema

133 (19.5 %) 6 (33.3 %) 95 (19.2 %) 33 (19.4 %) 0.30

Jugular venous
distension

12 (1.8 %) 0 (0.0 %) 8 (1.6 %) 4 (2.4 %) 1.00

Rales 86 (12.6 %) 3 (16.7 %) 59 (12.1 %) 24 (14.1 %) 1.00
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Heart
rhythm
during
follow up

Heart
rhythm
during
follow up

Heart
rhythm
during
follow up

Heart
rhythm
during
follow up

Heart
rhythm
during
follow up

Heart
rhythm
during
follow up

Sinus rhythm 556 (81.5 %) 15 (83.3 %) 397 (80.1 %) 146 (85.9 %) 0.24
Atrial fibrillation 118 (17.3 %) 3 (16.7 %) 91 (18.3 %) 24 (14.1 %) 0.30
Heart rate
[beats/min]

71.6 ± 20.5 72.5 ± 9.2 71.6 ± 20.3 68.3 ± 21.2 0.45

Electrical
cardioversion

80 (11.7 %) 9 (50.0 %) 52 (10.5 %) 21 (12.4 %) 0.0002

Ablation 35 (5.1 %) 7 (38.9 %) 15 (3.1 %) 14 (8.2 %) 0.0002

Abbreviations: CCS: Canadian Cardiovascular Society; COPD: Chronic obstructive pulmonary disease;
DCM: dilated cardiomyopathy; ICM: inflammatory cardiomyopathy; IQR: interquartile range; LVEDD: left
ventricular end-diastolic diameter; NYHA: New York Heart Association; PVC: premature ventricular con-
traction; SD: standard deviation; SVT: supraventricular tachycardia; TCM: tachycardia-induced cardiomy-
opathy; VT: ventricular tachycardia. The numbers highlighted in boldface indicate statistically significant
differences between groups.

Table 2: Biomarkers and echocardiographic characteristics.

Variable All patients (n
= 684) (100 %)

TCM (n = 18)
(2.6 %)

ICM (n = 496)
(72.7 %)

DCM (n = 170)
(24.9 %)

p-Value

Laboratory
on admission

Laboratory
on admission

Laboratory
on admission

Laboratory
on admission

Laboratory
on admission

Laboratory
on admission

Potassium
[mmol/l]

4.2 ± 0.51 4.2 ± 0.75 4.2 ± 0.51 4.3 ± 0.55 0.71

Creatinine
[mg/dl]

99 ± 59 113 ± 39 99 ± 57 96 ± 34 0.38

C-reactive
protein
[mg/dl]

13 ± 28 14 ± 13 13.2 ± 27 13.0 ± 29 0.96

Creatinkinase
[x103 U/l]

4.4 ± 9.2 2.8 ± 2.0 4.6 ± 9.6 3.2 ± 3.2 0.48

NT pro-BNP
[pg/ml];
Median (IQR)

2595
(538-5672)

2665
(189-5141)

2595
(672-7042)

2630
(451-5131)

0.42

Hemoglobin
[g/dl]

8.9 ± 1.1 8.9 ± 1.1 8.9 ± 1.1 9.0 ± 1.0 0.76

White blood
cell [x103 /μl]

8.6 ± 2.9 11 ± 2.4 8.6 ± 2.9 8.6 ± 3.0 0.005

Troponin
[ng/ml]

2.7 ± 9.4 0.89 ± 0.87 2.9 ± 9.4 1.7 ± 4.6 0.15

Echocardiography
at BL

Echocardiography
at BL

Echocardiography
at BL

Echocardiography
at BL

Echocardiography
at BL

Echocardiography
at BL

LVEF [%] 38 ± 14 26 ± 12 39.0 ± 14.6 38.4 ± 15 0.004
LA diameter
[mm]

41 ± 7.6 42 ± 6.3 42 ± 22.4 42 ± 6.3 0.84
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LVEDD [mm] 57 ± 8.9 58 ± 9.9 57 ± 8.8 56 ± 8.9 0.46
RV-pressure
[mmHg]

30 ± 11 31 ± 9.2 29.5 ± 10.6 30.3 ± 13 0.66

Echocardiography
at FU

Echocardiography
at FU

Echocardiography
at FU

Echocardiography
at FU

Echocardiography
at FU

Echocardiography
at FU

LVEF [%] 44.5 ± 13 47 ± 14* 44 ± 13 45 ± 13* 0.75
Absolute
LVEF
improvement
[%]

6 ± 12 21 ± 13 6 ± 12 7 ± 14 0.002

LVEDD [mm] 55.9 ± 7.7 53 ± 6.5 55 ± 7.2 56 ± 8.7 0.46

Abbreviations: CK-MB: creatinine kinase; FU: follow-up; IQR: interquartile range; LA: left atrium; LVEDD:
left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction; NT-BNP: brain natriuretic
peptide; RV: right ventricle. The numbers highlighted in boldface indicate statistically significant differences
between groups.

* p < 0.001 Baseline versus follow up

Table 3 : Characteristics of TCM patients with improved LVEF during follow-up

Variable Improved LVEF during FU Improved LVEF during FU p-Value
Yes (n = 8) (44.4 %) No (n = 10) (55.6 %)

Biomarkers on admission Biomarkers on admission Biomarkers on admission Biomarkers on admission
C-reactive protein [mg/dl] 15 ± 15 13 ± 12 0.76
Creatinkinase [x103 U/l] 2.7 ± 2.1 3.0 ± 2.1 0.85
NT pro-BNP [pg/ml]; Median 5141 891 0.06
Troponin I [ng/ml] 0.06 ± 0.04 0.12 ± 0.11 0.28
Echocardiography at BL Echocardiography at BL Echocardiography at BL Echocardiography at BL
LVEF [%] 18 ± 9.2 33 ± 9.9 0.004
LA diameter [mm] 41 ± 4.4 42 ± 7.9 0.79
LVEDD [mm] 63 ± 7.5 54 ± 9.2 0.04
RV-pressure [mmHg] 37 ± 8 26 ± 7.6 0.03
Echocardiography at FU Echocardiography at FU Echocardiography at FU Echocardiography at FU
LVEF [%] 52 ± 7.8* 41 ± 12* 0.04
Absolute EF improvement [%] 34 ± 6.1 8.1 ± 11 < 0.0001
LVEDD [mm] 51.3 ± 3.0* 55 ± 7.9 0.30

Abbreviations: BL = baseline; FU = follow up; LA: left atrium; LVEDD: left ventricular end-diastolic
diameter; LVEF: left ventricular ejection fraction; NT-BNP: N-terminal brain natriuretic peptide; RV: right
ventricle. The numbers highlighted in boldface indicate statistically significant differences between groups.

* p < 0.001 Baseline versus follow up

Figure legends

Figure 1 : Absolute LVEF changes during FU

Figure 2: Comparison of Biopsies

Figure 3: MHC-II (anti–major histocompatibility complex class II) expression

Figure 4: Immuno-histochemical findings in patients with sinus rhythm versus atrial fibrillation
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