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Abstract: Besides the diagnostic role in acute myocardial infarction, cardiac troponin I levels (cTNI)
may be increased in various other clinical conditions, including heart failure, valvular heart disease
and sepsis. However, limited data are available regarding the prognostic role of cTNI in the setting of
ventricular tachyarrhythmias. Therefore, the present study sought to assess the prognostic impact of
cTNI in patients with ventricular tachyarrhythmias (i.e., ventricular tachycardia (VT) and fibrillation
(VF)) on admission. A large retrospective registry was used, including all consecutive patients
presenting with ventricular tachyarrhythmias from 2002 to 2015. The prognostic impact of elevated
cTNI levels was investigated for 30-day all-cause mortality (i.e., primary endpoint) using Kaplan–
Meier, receiver operating characteristic (ROC), multivariable Cox regression analyses and propensity
score matching. From a total of 1104 patients with ventricular tachyarrhythmias and available
cTNI levels on admission, 46% were admitted with VT and 54% with VF. At 30 days, high cTNI
was associated with the primary endpoint (40% vs. 22%; log rank p = 0.001; HR = 2.004; 95% CI
1.603–2.505; p = 0.001), which was still evident after multivariable adjustment and propensity score
matching (30% vs. 18%; log rank p = 0.003; HR = 1.729; 95% CI 1.184–2.525; p = 0.005). Significant
discrimination of the primary endpoint was especially evident in VT patients (area under the curve
(AUC) 0.734; 95% CI 0.645–0.823; p = 0.001). In contrast, secondary endpoints, including all-cause
mortality at 30 months and a composite arrhythmic endpoint, were not affected by cTNI levels. The
risk of cardiac rehospitalization was lower in patients with high cTNI, which was no longer observed
after propensity score matching. In conclusion, high cTNI levels were associated with increased risk
of all-cause mortality at 30 days in patients presenting with ventricular tachyarrhythmias.

Keywords: ventricular tachyarrhythmias; cardiac troponin I; biomarkers; sudden cardiac death;
coronary artery disease

J. Clin. Med. 2022, 11, 2987. https://doi.org/10.3390/jcm11112987 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11112987
https://doi.org/10.3390/jcm11112987
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-5970-0093
https://orcid.org/0000-0001-8793-3134
https://orcid.org/0000-0001-8171-7617
https://doi.org/10.3390/jcm11112987
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11112987?type=check_update&version=3


J. Clin. Med. 2022, 11, 2987 2 of 20

1. Introduction

Despite improvements in the treatment strategies of cardiovascular diseases, including
better guideline adherence to pharmacological therapies, coronary revascularization strate-
gies and increasing supply with an implantable cardioverter defibrillator (ICD), sudden
cardiac death (SCD) still accounts for almost 50% of all cardiovascular deaths [1–3]. While
congenital heart defects account for most SCD cases in younger patients, coronary artery
disease (CAD) is the main cause for SCD-related deaths in patients over 35 years of age [4].
In more than 75% of cases, SCD occurs due to ventricular tachyarrhythmias (i.e., ventricular
tachycardia (VT) or fibrillation (VF)). Commonly, VF is detected in patients with acute
myocardial injury, leading to metabolic derangement and oxidative stress, whereas VT may
occur more often in patients with structural heart disease (such as ischemic cardiomyopathy
(ICMP)) and channelopathies [5]. However, in more than half of the patients, SCD occurs
in patients without evidence of severe heart failure (HF). The mechanisms causing SCD
are not fully understood, as outlined within recent European guidelines for the prevention
of ventricular tachyarrhythmias and SCD [6,7]. Therefore, the identification of patients at
high risk for SCD remains challenging [7]. Over the years, the identification of biomark-
ers for the identification of individuals at high risk for SCD (such as cardiac troponins,
N-terminal pro-B-type natriuretic peptide (NT pro-BNP), Galectin-3 and soluble ST2) has
gained greater significance [8–12].

Cardiac muscle contraction occurs as a result of increased intracellular Ca2+ levels,
which affects the troponin complex—consisting of troponin C (cTNC), troponin T (cTNT)
and troponin I (cTNI). The regulatory role of TNI consists in the inhibition of the Adenosine
5’-TriPhosphatase (ATPase) activity of the actomyosin complex and the modulation of
cross-bridge formation and cardiac muscle contraction [13,14]. In particular, cTNT and
cTNI are biomarkers of myocardial injury and are commonly released during myocardial
necrosis in the presence of acute myocardial infarction (AMI) [15]. Myocardial necrosis
causes the replacement of cardiac myocytes by fibrotic tissue, which further promotes
adverse cardiac remodeling [16]. Elevated cTNI has already been shown to increase the
risk of the composite endpoint of death, percutaneous coronary intervention (PCI) and
AMI—especially in patients with a history of CAD—as observed in a study of 131 patients
with supraventricular tachyarrhythmias [17]. In line with this finding, it was demonstrated
that cTNT can function as a predictor of cardiac death, as was found among 70 patients
with heart failure and left ventricular ejection fraction (LVEF) ≤ 35% at 2.2 years [18].

However, to the best of the authors’ knowledge, no available study has investigated the
prognostic role of cardiac troponins in patients admitted with ventricular tachyarrhythmias.
Therefore, this study investigates the prognostic role of cTNI levels on 30-day all-cause mor-
tality (primary endpoint) in patients presenting with index ventricular tachyarrhythmias.
Secondary endpoints include a composite arrhythmic endpoint (i.e., recurrent ventricular
tachyarrhythmias, appropriate ICD therapies and SCD) and cardiac rehospitalization at
30 months.

2. Materials and Methods
2.1. Data Collection and Documentation

The present study retrospectively included data from all consecutive patients present-
ing with ventricular tachyarrhythmias on hospital admission, from 2002 to 2015, at the
First Department of Medicine, University Medical Centre Mannheim, Germany, as recently
published [19]. Using the hospital information system, all relevant clinical data related to
the index event were documented.

Ventricular tachyarrhythmias comprised VT and VF, as defined by current interna-
tional guidelines [7]. Sustained VT was defined by a duration of >30 s or as causing
hemodynamic collapse within 30 seconds. Nonsustained VT was defined by a duration
of <30 s. Both were characterized by wide QRS complexes (≥120 ms) at a rate greater
than 100 beats per minute [7]. Ventricular tachyarrhythmias were documented by 12-lead
electrocardiogram (ECG), ECG telemonitoring, ICD or—in the case of an unstable course
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or during cardiopulmonary resuscitation (CPR)—by external defibrillator monitoring. Doc-
umented VF was treated by external defibrillation and—in case of prolonged instability—
with additional intravenous antiarrhythmic drugs during CPR.

The present study is derived from an analysis of the “Registry of Malignant Arrhyth-
mias and Sudden Cardiac Death-Influence of Diagnostics and Interventions (RACE-IT)”
and represents a single-center registry, including consecutive patients presenting with
ventricular tachyarrhythmias and aborted cardiac arrest being acutely admitted to the
University Medical Center Mannheim (UMM), Germany (clinicaltrials.gov; identifier:
NCT02982473), from 2002 to 2015. The registry was carried out according to the principles
of the declaration of Helsinki and was approved by the medical ethics committee II of the
Medical Faculty Mannheim (Ethical Approval Number: 2016-612N-MA), University of
Heidelberg, Germany.

2.2. Measurement of cTNI

During the study period from 2002 to 2015, cTNI testing was performed using three
different cTNI assays. From 2002 to June 2006, the SIEMENS Dimension RxL CTNI assay
was used for cTNI testing. The lowest detection limit of the assay was 0.004 ng/mL. The
99th percentile, measured from a healthy reference population, was 0.007 ng/mL, with
a coefficient of variation (CV) of 15–22%. Thereafter, from June 2006 to December 2010,
the Beckman Coulter Access AccuTNI assay was used, with the lowest detection limit
being 0.01 ng/mL. The 99th percentile, measured from a healthy reference population, was
0.04 ng/mL, with a CV of 10%. From December 2010 to the end of the study period, cTNI
was measured with the SIEMENS Dimension® Vista 1500™. The lowest detection limit
of the assay was 0.015 ng/mL. The 99th percentile, measured from a healthy reference
population, was 0.045 ng/mL, with a CV of 10% [20].

2.3. Definition of Study Groups, Inclusion and Exclusion Criteria

For the present analysis, risk stratification was performed according to a single cTNI
measurement related to the index event. For each patient, only the cTNI measurement
closest to the index event was used, with a maximum time frame of 24 h before and after the
index event. First, risk stratification was performed, dichotomized according to the median
cTNI level. Despite the use of three different cTNI assays during the study period, the
median cTNI level for each cTNI assay was assessed. Patients were classified as “high cTNI”
(in the presence of cTNI above the median cTNI level) and “low cTNI” (in the presence of
cTNI below or equal the median cTNI level) for each of the cTNI assays. To better assess the
prognostic value of incremental cTNI increase, quartile analyses were performed thereafter.
Quartiles were calculated, separated by each cTNI assay. Accordingly, patients were
classified as “low” (Q1), “low-intermediate” (Q2), “intermediate-high” (Q3) and “high”
(Q4). Based on those quartiles, the prognostic impact of incremental cTNI increase was
investigated within the entire study cohort, and thereafter within prespecified subgroups.
Patients without cTNI measurement during the allowed time frame, as well as patients
without complete follow-up data regarding mortality, were excluded. Each patient was
included only once when presenting with the first episode of ventricular tachyarrhythmias.

2.4. Risk Stratification

Further risk stratification was performed according to the underlying cardiac pathol-
ogy. Patients with non-AMI, ST-segment elevation myocardial infarction (STEMI), non-ST
segment elevation myocardial infarction (NSTEMI), ischemic (ICMP) and nonischemic
cardiomyopathy (NICMP), as well as patients with idiopathic ventricular tachyarrhythmias,
were analyzed.

STEMI was defined as a novel rise in the ST segment in at least two contiguous leads,
with ST-segment elevation ≥ 2.5 mm in men < 40 years, ≥ 2 mm in men ≥ 40 years,
or ≥ 1.5 mm in women in leads V2–V3 and/or 1 mm in the other leads. Additional ECG
criteria were new ST depression or inversion, T wave alterations, Q waves or new left
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bundle branch block [21]. NSTEMI was defined as the presence of an acute coronary
syndrome with a troponin I increase of above the 99th percentile of a healthy reference
population, in the absence of ST segment elevation, but with persistent or transient ST
segment depression, inversion or alteration of T wave, or a normal ECG in the presence of
a coronary culprit lesion. The culprit lesion was defined as an acute complete thrombotic
occlusion for STEMI and as any relevant critical coronary stenosis for NSTEMI, with the
potential need for coronary revascularization either by PCI or coronary artery bypass graft-
ing (CABG). The presence of a coronary culprit lesion was mandatory for both diagnoses
of NSTEMI and STEMI. Evidence of regional wall motion abnormalities was also included
in AMI diagnosis, as far as was available. Values of left ventricular ejection fraction (LVEF)
were retrieved from standardized transthoracic echocardiographic examinations, usually
performed before hospital discharge in survivors, to assess realistic LVEF values beyond
the acute phase of acute coronary ischemia during AMI. In minor part, and only if available,
earlier LVEF values, assessed on admission or during intensive care, were retrieved from
patients who died while already within the acute phase of AMI [22].

ICMP comprised all patients with LVEF < 55% and had either prior documented CAD
or newly diagnosed CAD, as well as patients with AMI assessed by coronary angiography
at index stay sufficient to cause myocardial dysfunction. Identification of CAD (defined
as at least one relevant stenosis of one epicardial coronary artery of more than 50%) was
based on the judgment of the investigating interventional cardiologist during routine
care. All coronary angiograms and reports were reassessed post hoc by two independent
interventional cardiologists to determine whether the CAD was sufficient for causality
of myocardial dysfunction [23]. NICMP comprised all patients with LVEF < 55%, in
the absence of CAD, valvular heart disease and congenital heart disease sufficient to
cause the observed myocardial abnormality. The following types were allocated to the
NICMP group: dilated cardiomyopathy (DCM), hypertrophic obstructive cardiomyopathy,
arrhythmogenic right ventricular dysplasia (ARVD) and noncompaction cardiomyopathy
(NCCMP) [23–26].

Patients presenting without AMI, ICMP and NICMP, and who had no evidence of
impaired LVEF or structural heart disease, were classified as patients with “idiopathic
ventricular tachyarrhythmias”.

Finally, the prognostic impact of cTNI was investigated within different subgroups of
patients with CAD, whereas only patients undergoing coronary angiography were included.
Thus, multivessel disease (MVD) was characterized by significant stenosis of at least 2 major
coronary vessels (defined as at least one relevant stenosis of one epicardial coronary artery
of more than 50% and/or prior PCI of one coronary artery). The coronary chronic total
occlusion (CTO) group comprised all patients with a native unrevascularized CTO in
coronary vessels with a diameter >1.5 mm [27,28]. Identification of CTO and CAD was
based on the judgment of the investigating interventional cardiologist during routine care.
The CTO group also included patients with acute revascularization of non-CTO-vessels by
PCI or CABG. Moreover, patients with an occluded bypass graft on the native CTO vessel
were allocated to CTO group.

2.5. Study Endpoints

The primary endpoint was all-cause mortality at 30 days after index ventricular
tachyarrhythmias. Secondary endpoints were all-cause deaths at 24 h, 30 months, cardiac
death at 30 days, cardiac rehospitalization at 30 months and a composite arrhythmic
endpoint (including recurrent ventricular tachyarrhythmias, appropriate ICD therapies and
SCD) at 30 days and 30 months after index ventricular tachyarrhythmias. Overall follow-up
period lasted until 2016. All-cause mortality was documented using our electronic hospital
information system and by directly contacting state resident registration offices (“bureau
of mortality statistics”) across Germany. Identification of patients was verified by place of
name, surname, day of birth and registered living address. Lost-to-follow-up rate was 1.7%
(n = 48) regarding survival until the end of the follow-up period.
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2.6. Statistical Methods

Quantitative data are presented as mean ± standard error of mean (SEM), median
and interquartile ranges (IQR), as well as ranges depending on the distribution of the data
and were compared using the Student’s t test for normally distributed data, or the Mann–
Whitney U test for nonparametric data. Deviations from a Gaussian distribution were
tested by the Kolmogorov–Smirnov test. Spearman’s rank correlation for nonparametric
data was used to test univariate correlations. Qualitative data are presented as absolute
and relative frequencies and were compared using the Chi2 test or the Fisher’s exact test,
as appropriate.

Firstly, overall data of consecutive patients on admission are given for the entire
unmatched cohort in order to present the real-life character of health-care supply at our
institution between 2002 and 2015. Here, Kaplan–Meier method, as well as uni- and
multivariable Cox regression models, were applied for the evaluation of all-cause mortality
at 30 days after index ventricular tachyarrhythmias.

Secondly, propensity score matching was applied. Propensity scores (1:1) were created
for the comparisons of “high cTNI” vs. “low TNI”, including the entire study cohort and
applying a nonparsimonious multivariable logistic regression model. Propensity scores
were created according to the presence of the following independent variables: age, sex,
diabetes, chronic kidney disease, CAD, LVEF, CPR, index ventricular tachyarrhythmia (i.e.,
VT/VF) and presence of an ICD. Based on the propensity score values counted by logistic
regression, for each patient, one patient in the control group with a similar propensity
score value was found (accepted difference of propensity score value: <5%). Univariable
stratification was performed using the Kaplan–Meier method, with comparisons between
groups using univariable hazard ratios (HR) given together with 95% confidence intervals.

Finally, the prognostic value of cTNI, assessed with the SIEMENS Dimension® Vista
intelligent lab system, was investigated using receiver operating characteristic (ROC)
analyses. ROC analyses were performed separately for both patients with index episodes
of VT and VF. An optimum cutoff value was determined in accordance with the maximum
Youden index. The Youden index, defined as the maximum of sensitivity + specificity –1,
was used to determine the largest total diagnostic accuracy a biomarker can achieve [29,30].

The result of a statistical test was considered significant for p < 0.05. SPSS (Version 25,
IBM Armonk, New York, NY, USA) was used for statistics.

3. Results
3.1. Entire Study Cohort

From 2422 patients with ventricular tachyarrhythmias on admission, 1318 patients
without cTNI measurement related to the index event were excluded. Accordingly, the
present study included 1104 patients with ventricular tachyarrhythmias and available cTNI
measurement (Figure 1).

Within the entire study cohort, median cTNI levels were 0.700 ng/mL (IQR 0.370–
3.125 ng/mL) for the SIEMENS Dimension® RxL CTNI assay, 0.800 ng/mL (IQR 0.300–
3.515 ng/mL) for the Beckman Coulter Access AccuTNI assay and 0.610 ng/mL (IQR
0.380–2.2965 ng/mL for the SIEMENS Dimension® Vista 1500™ assay. Accordingly, cTNI
did not significantly differ among the different cTNI assays (p ≥ 0.248 for all comparisons).
As illustrated in Figure 2, cTNI levels were significantly higher among nonsurvivors as
compared to survivors at 30 days, irrespective of the applied cTNI assay (p = 0.001 for
all comparisons).
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Figure 1. Study population. cTNI, cardiac troponin I.

Figure 2. Box plots demonstrating distribution of cTNI levels depending on the applied assay, in
patients with ventricular tachyarrhythmias, comparing survivors and nonsurvivors at 30 days.

Patients’ characteristics within the entire, unmatched study cohort for the comparison
of patients with high vs. low cTNI are outlined within Table 1 (left panel). Patients with
high cTNI more frequently presented with VF as compared to patients with low cTNI
(62% vs. 47%; p = 0.001). In contrast, cardiovascular risk factors and LVEF were equally
distributed in both groups. Rates of CPR were higher in patents with elevated cTNI (70%
vs. 49%; p = 0.001). Furthermore, patients with high cTNI were more frequently treated
with beta blockers, ACE inhibitors, statins, amiodarone and aldosterone antagonists.

CAD-related findings are presented in Table 2 (left panel). Coronary angiography was
more frequently performed in patients with high cTNI (75% vs. 63%; p = 0.001), who had
higher rates of CAD (87% vs. 67%; p = 0.001). In line with this finding, the rate of PCI was
significantly higher among patients with elevated cTNI (72% vs. 37%; p = 0.001).
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Table 1. Baseline characteristics before and after propensity score matching.

Without Propensity Score Matching With Propensity Score Matching

Characteristic Low cTNI
(n = 549; 50%)

High cTNI
(n = 555; 50%) p Value Low cTNI

(n = 238; 50%)
High cTNI

(n = 238; 50%) p Value

Age, median (range) 67 (16–94) 67 (15–97) 0.474 67 (19–94) 67 (15–91) 0.415
Male gender, n (%) 397 (72) 402 (72) 0.965 178 (75) 174 (73) 0.676
Ventricular tachyarrhythmias at index, n (%)

Ventricular tachycardia 293 (53) 211 (38)
0.001

116 (49) 110 (46)
0.582Ventricular fibrillation 256 (47) 344 (62) 122 (51) 128 (54)

Underlying cardiac disease, n (%)
Coronary artery disease 235 (43) 108 (19) 0.001 91 (39) 84 (35) 0.436
STEMI 31 (6) 141 (25) 0.001 24 (10) 43 (18) 0.012
NSTEMI 87 (16) 204 (37) 0.001 61 (26) 47 (20) 0.125
Nonischemic cardiomyopathy 24 (4) 16 (3) 0.186 15 (6) 16 (7) 0.853
Channelopathy 23 (4) 10 (2) 0.020 9 (4) 8 (3) 0.805
Idiopathic ventricular tachyarrhythmias 149 (27) 76 (24) 0.001 38 (16) 40 (17) 0.804

Cardiovascular risk factors, n (%)
Arterial hypertension 311 (57) 320 (58) 0.735 137 (58) 139 (58) 0.853
Diabetes mellitus 124 (23) 151 (27) 0.076 60 (25) 63 (27) 0.753
Hyperlipidemia 143 (26) 138 (25) 0.652 63 (27) 71 (30) 0.415
Smoking 161 (29) 188 (34) 0.104 77 (32) 84 (35) 0.498
Cardiac family history 48 (9) 52 (9) 0.717 22 (9) 19 (12) 0.300

Comorbidities at index stay, n (%)
Prior myocardial infarction 129 (24) 109 (20) 0.119 53 (22) 57 (24) 0.664
Prior coronary artery disease 224 (41) 197 (36) 0.070 101 (42) 103 (43) 0.853
Prior heart failure 126 (23) 91 (16) 0.001 65 (27) 57 (24) 0.401
Prior PCI 121 (22) 98 (18) 0.068 60 (25) 52 (22) 0.387
Atrial fibrillation 170 (31) 170 (31) 0.904 76 (32) 88 (37) 0.247
Cardiopulmonary resuscitation 271 (49) 390 (70)

0.001
130 (55) 144 (61)

0.377In hospital 97 (18) 142 (36) 49 (21) 48 (20)
Out of hospital 174 (32) 248 (47) 81 (35) 96 (40)

Chronic kidney disease 296 (54) 384 (69) 0.001 148 (62) 157 (66) 0.390
COPD 53 (10) 50 (9) 0.713 19 (8) 23 (10) 0.518

LVEF, n (%)
>55% 142 (34) 114 (28)

0.073

71 (30) 69 (29)

0.531
54–45% 49 (12) 68 (17) 29 (12) 37 (16)
44–35% 78 (19) 86 (21) 47 (20) 53 (22)
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Table 1. Cont.

Without Propensity Score Matching With Propensity Score Matching

Characteristic Low cTNI
(n = 549; 50%)

High cTNI
(n = 555; 50%) p Value Low cTNI

(n = 238; 50%)
High cTNI

(n = 238; 50%) p Value

<35% 147 (35) 133 (33) 91 (38) 79 (33)
No evidence of LVEF - - - - - - - -

Cardiac therapies at index, n (%)
Electrophysiological examination 100 (18) 47 (5) 0.001 34 (14) 16 (7) 0.007
VT ablation therapy 21 (4) 11 (2) 0.068 11 (5) 7 (3) 0.336

Presence of an ICD at discharge, n (%) 210 (50) 121 (37) 0.001 86 (46) 78 (48) 0.659
Medication at discharge, n (%)

Beta blocker 332 (79) 291 (90) 0.001 164 (87) 144 (88) 0.657
ACE inhibitor 257 (61) 237 (73) 0.001 122 (65) 113 (69) 0.343
ARB 58 (14) 23 (7) 0.003 25 (13) 13 (8) 0.110
Statin 259 (62) 257 (79) 0.001 129 (68) 117 (72) 0.472
Amiodarone 51 (12) 56 (17) 0.046 24 (13) 34 (21) 0.040
Digitalis 41 (10) 20 (6) 0.078 18 (10) 15 (9) 0.918
Aldosterone antagonist 54 (13) 38 (12) 0.652 25 (13) 26 (16) 0.469

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; cTNI, cardiac troponin I;
left ventricular ejection fraction; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; SEM, standard error of mean; VT, ventricular
tachycardia. Bold type indicates p < 0.05.
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Table 2. CAD-related findings.

Without Propensity Score Matching With Propensity Score Matching

Characteristic Low cTNI
(n = 549; 50%)

High cTNI
(n = 555; 50%) p Value Low cTNI

(n = 238; 50%)
High cTNI

(n = 238; 50%) p Value

Coronary angiography, n (%) 344 (63) 417 (75) 0.001 161 (68) 180 (76) 0.053
No evidence of CAD 112 (33) 53 (13)

0.001

36 (22) 40 (22)

0.456
1-vessel disease 78 (23) 115 (28) 48 (30) 43 (24)
2-vessel disease 84 (24) 139 (33) 43 (27) 61 (34)
3-vessel disease 70 (20) 110 (26) 34 (21) 36 (20)

Significant stenosis of coronary vessels, n (%)
Right coronary artery 151 (44) 221 (53) 0.012 76 (47) 86 (48) 0.916
Left main trunk 17 (5) 32 (8) 0.126 9 (6) 12 (7) 0.680
Left anterior descending 156 (45) 246 (59) 0.001 89 (55) 91 (51) 0.383
Left circumflex 104 (30) 180 (43) 0.001 54 (34) 69 (39) 0.358
Chronic total occlusion 74 (22) 81 (19) 0.477 42 (26) 43 (24) 0.639
Presence of CABG 44 (13) 35 (8) 0.048 16 (10) 23 (13) 0.411

PCI, n (%) 127 (37) 300 (72) 0.001 76 (47) 89 (49) 0.680
Right coronary artery 57 (17) 106 (25) 0.003 31 (19) 36 (209 0.863
Left main trunk 6 (2) 20 (5) 0.021 3 (2) 3 (2) 1.000
Left anterior descending 64 (19) 153 (37) 0.001 41 (26) 47 (26) 0.892
Left circumflex 28 (8) 72 (17) 0.001 19 (12) 17 (9) 0.480
CABG 3 (0.9) 4 (1) 1.000 1 (0.6) 2 (1) 1.000

Sent to CABG, n (%) 10 (3) 7 (2) 0.254 5 (3) 5 (3) 1.000
Thrombus aspiration, n (%) 23 (7) 69 (17) 0.001 18 (11) 21 (12) 0.888
CPR during coronary angiography, n (%) 23 (7) 44 (11) 0.061 8 (5) 9 (5) 0.990

CABG, coronary artery bypass grafting; CAD, coronary artery disease; CPR, cardiopulmonary resuscitation; PCI, percutaneous coronary intervention. Bold type indicates p < 0.05.
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3.2. Survival Analyses within the Entire Study Cohort

Median follow-up time in the entire study cohort was 1.7 years (IQR 8 days–5.0 years).
At 30 days, the all-cause mortality (primary endpoint) occurred in 40% of patients with
high cTNI and in 20% of patients presenting with low cTNI (Figure 3).

Figure 3. Kaplan–Meier analysis comparing patients with high cTNI to patients with low
cTNI (left panel), as well as within a quartile analysis (right panel), with regard to 30-day all-cause
mortality (primary endpoint) within the entire unmatched study cohort.

Accordingly, elevated cTNI levels were associated with increased 30-day all-cause
mortality (primary endpoint) in patients with ventricular tachyarrhythmias (HR = 2.004;
95% CI 1.603–2.505; p = 0.001) (Table 3, left). Furthermore, cardiac death was more common
in patients with high cTNI (31% vs. 17%; p = 0.001). In line with this finding, higher rates
of all-cause mortality at 24 hours (22% vs. 13%; p = 0.001) and 30 months (52% vs. 38%;
p = 0.001) were seen in patients with high cTNI. The risk of the composite arrhythmic
endpoint (i.e., recurrent ventricular tachyarrhythmias, appropriate ICD therapies and SCD)
and cardiac rehospitalization at 30 months were not affected by cTNI within the unmatched
study cohort. Notably, median intensive care unit (ICU) time was longer in patients with
high cTNI (4 days (interquartile range (IQR) 2–10 days) vs. 4 days (IQR 1–8 days); p = 0.001),
along with a shorter median follow-up time (624 vs. 1079 days) (Table 3, left panel).
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Table 3. Endpoints and follow-up data before and after propensity score matching.

Without Propensity Score Matching With Propensity Score Matching

Characteristics Low cTNI
(n = 549; 50%)

High cTNI
(n = 555; 50%) p Value Low cTNI

(n = 238; 50%)
High cTNI

(n = 238; 50%) p Value

Primary endpoint, n (%)
All-cause mortality, at 30 days 119 (22) 221 (40) 0.001 43 (18) 71 (30) 0.003

Secondary endpoints, n (%)
All-cause mortality, at 24 h 73 (13) 121 (22) 0.001 27 (11) 37 (16) 0.179
Cardiac death, at 30 days * 91/108 (17) 172/198 (31) 0.001 35/40 (15) 51/61 (21) 0.057
All-cause mortality, at 30 months 206 (38) 287 (52) 0.001 85 (36) 101 (42) 0.133
Cardiac rehospitalization, at 30 months 67 (12) 40 (7) 0.005 31 (13) 19 (8) 0.073
Composite arrhythmic endpoint (recurrence

of ventricular tachyarrhythmias, sudden cardiac
death), at 30 days

100 (21) 107 (23) 0.524 36 (15) 45 (19) 0.272

Composite arrhythmic endpoint (recurrence
of ventricular tachyarrhythmias, sudden cardiac
death), at 30 months

148 (27) 168 (30) 0.223 57 (24) 65 (27) 0.401

Follow-up times, n (%)
Hospitalization total; days (median (IQR)) 12 (7–20) 11 (5–22) 0.693 13 (8–23) 13 (7–24) 0.422
ICU time; days (median (IQR)) 4 (1–8) 4 (2–10) 0.001 4 (1–9) 5 (2–10) 0.174

Follow-up; days (mean; median (range)) 1183; 795(0–4655) 891; 263(0–4624) 0.001 1258; 1079
(0–4357)

1006; 624
(0–4626) 0.008

ICU, invasive care unit; IQR, interquartile range. * Mode of death was unknown in 14% of the patients at 30 days. Level of significance is p ≤ 0.05. Bold type indicates p ≤ 0.05.
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Despite significant differences regarding the distribution of index tachyarrhythmias
and comorbidities among patients with and without elevated cTNI levels, additional
propensity score-matched analyses were performed (n = 238 patients with high and low
cTNI). After propensity score matching (Tables 1 and 2, right panels), no further differ-
ences were observed regarding age, distribution of VT/VF and cardiovascular risk factors.
Especially for LVEF, distribution of CAD and ICD rates were comparable in both groups.
After propensity score matching, cTNI was still associated with increased risk of 30-day
all-cause mortality (30% vs. 18%; log rank p = 0.003; HR = 1.729; 95% CI 1.184–2.525;
p = 0.005) (Table 3; right panel; Figure 4). However, rates of all-cause mortality at 24 hours
(16% vs. 11%; p = 0.179) and 30 months (42% vs. 36%; p = 0.133), as well as risk of the
composite arrhythmic endpoint (19% vs. 15%; p = 0.272) and cardiac rehospitalization
(8% vs. 13%; p = 0.073), did not differ in patients with and without elevated cTNI levels
following propensity score matching (Table 3; right panel). Furthermore, follow-up times
were significantly shorter (median 1006 vs. 1258 days; p = 0.001) in patients with high cTNI,
whereas hospitalization and ICU times did not differ among patients with high or low
cTNI (Table 3; right panel).

Figure 4. Kaplan–Meier analysis comparing patients with high cTNI to patients with low cTNI with
regard to 30-day all-cause mortality (primary endpoint) within the propensity-matched cohort.

Subsequently, quartile analyses were performed within the entire, unmatched study
cohort, whereas the following groups were analyzed: Q1: SIEMENS Dimension® RxL
CTNI assay < 0.370 ng/mL; Beckman Coulter Access AccuTNI < 0.300 ng/mL; SIEMENS
Dimension® Vista 1500™ < 0.380 ng/mL; Q2: SIEMENS Dimension® RxL CTNI assay
0.370–0.700 ng/mL; Beckman Coulter Access AccuTNI 0.300–0.800 ng/mL; SIEMENS
Dimension® Vista 1500™ 0.380–610 ng/mL; Q3: SIEMENS Dimen-sion® RxL CTNI
assay > 0.700–3.125 ng/mL; Beckman Coulter Access AccuTNI > 0.800–3.515 ng/mL;
SIEMENS Dimension® Vista 1500™ > 0.610–2.2965 ng/mL; Q4: SIEMENS Dimension® RxL
CTNI assay >3.125 ng/mL; Beckman Coulter Access AccuTNI > 3.515 ng/mL; SIEMENS
Dimension® Vista 1500™ > 2.2965 ng/mL.

When analyzed as quartile analyses within the entire, unmatched study cohort,
patients with high cTNI were associated with highest all-cause mortality at 30 days
(HR = 3.639; 95% CI 2.504–5.288; p = 0.001), followed by patients with intermediate-high
cTNI (HR = 3.071; 95% CI 2.101–4.489; p = 0.001) and low-intermediate cTNI (HR = 2.387;
95% CI 1.615–3.527; p = 0.001), as compared to patients with low cTNI (Figure 3; right panel).
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3.3. Survival Analyses within Prespecified Subgroups

When focusing on prespecified subgroups within the unmatched study cohort, in-
creased risk of mortality at 30 days in patients with high cTNI was observed in both patients
admitted with index episodes of VT (HR = 2.694; 95% CI 1.762–4.121; p = 0.001) and VF
(HR = 1.496; 95% CI 1.151–1.944; p = 0.004) (Figure 5).

Figure 5. Kaplan–Meier analysis for cTNI with regard to the 30-day all-cause mortality (primary
endpoint), stratified by patients with VT (left panel) and VF (right panel).

When stratified by the presence of AMI, no prognostic impact of cTNI was observed
in patients with STEMI (HR = 1.258; 95% CI 0.563–2.813; p = 0.576), whereas patients
with NSTEMI (HR = 2.030; 95% CI 1.249–3.300; p = 0.004) and non-AMI (HR = 2.364; 95%
CI 1.772–3.152; p = 0.001) had increased risk of 30-day all-cause mortality when presenting
with elevated cTNI (Figure 6).

Figure 6. Kaplan–Meier analysis for cTNI with regard to 30-day all-cause mortality (primary end-
point), stratified by the presence or absence of AMI.

Subsequently, prognosis of cTNI was investigated within the subgroup of patients
undergoing coronary angiography during index hospitalization. In patients undergo-
ing coronary angiography, high cTNI was associated with increased risk of 30-day mor-
tality in patients with no CAD (HR = 6.421; 95% CI 2.679–15.390; p = 0.001) and CAD
(HR = 1.940; 95% CI 1.353–2.783; p = 0.001), and especially in those with MVD (HR = 1.985;
95% CI 1.292–3.048; p = 0.002), CTO (HR = 2.638; 95% CI 1.388–5.016; p = 0.003) and ICMP
(HR = 2.106; 95% CI 1.476–3.004; p = 0.001) (Figure 7).
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Figure 7. Kaplan–Meier analysis for cTNI with regard to 30-day all-cause mortality (primary end-
point) in different subgroups undergoing coronary angiography.

Finally, high cTNI was not significantly associated with 30-day all-cause mortality
in patients with NICMP (HR = 6.299; 95% CI 0.703–56.414; p = 0.100), whereas all-cause
mortality was increased in patients with idiopathic VT/VF in the presence of elevated cTNI
(HR = 2.674; 95% CI 1.730–4.135; p = 0.001) (Supplemental Figure S1).

3.4. Multivariable Cox Regression Analysis

Even after multivariable adjustment within the entire, unmatched study cohort, high
cTNI was associated with increased risk of all-cause mortality at 30 days (HR = 1.541;
95% CI 1.088–2.182; p = 0.0015). Besides cTNI, increased age (HR = 1.141; p = 0.042),
chronic kidney disease (HR = 5.786; p = 0.001) and LVEF < 35% (HR = 1.260; p = 0.002)
were particularly associated with increased risk of death, whereas the presence of an
ICD (HR = 0.096; p = 0.001), electrophysiological examination (HR = 0.261; p = 0.001) and
coronary angiography (HR = 0.505; p = 0.001) were associated with favorable outcomes at
30 days (Table 4).

Table 4. Uni- and multivariable Cox regression analysis with regard to 30-day all-cause mortality
(primary endpoint).

Univariable Multivariable

HR 95% CI p Value HR 95% CI p Value

Age 1.030 1.023–1.036 0.001 1.014 1.000–1.028 0.042
Males 0.843 0.718–0.990 0.038 1.232 0.837–1.814 0.291
Diabetes 1.213 1.031–1.428 0.020 0.948 0.672–1.336 0.759
Chronic Kidney disease 4.268 3.529–5.161 0.001 5.786 3.324–10.073 0.001
LVEF < 35% 1.322 1.070–1.633 0.010 1.260 1.090–1.458 0.002
Nonischemic cardiomyopathy 0.285 0.165–0.494 0.001 0.588 0.208–1.660 0.316
Coronary angiography 0.463 0.398–0.538 0.001 0.505 0.358–0.713 0.001
Electrophysiological examination 0.030 0.015–0.060 0.001 0.261 0.063–1.075 0.063
Presence of ICD 0.061 0.042–0.089 0.001 0.096 0.049–0.185 0.001
Hemoglobin 0.810 0.783–0.838 0.001 0.974 0.092–1.052 0.500
Serum potassium 1.481 1.354–1.621 0.001 1.130 0.954–1.339 0.157
high cTNI 2.004 1.603–2.505 0.001 1.541 1.088–2.182 0.015

CI, confidence interval; HR, hazard ratio; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection
faction. Level of significance is p < 0.05. Bold type indicates statistical significance.
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Even when analyzed within important subgroups, both patients with index episodes
of VT (HR = 2.333; 95% CI 1.276–4.276; p = 0.006) and VF (HR = 1.708; 95% CI 1.177–2.478;
p = 0.005) had increased all-cause mortality at 30 days in the presence of increased cTNI
(Table 5). This was still demonstrated in patients with idiopathic ventricular tachyarrhyth-
mias (HR = 2.628; 95% CI 1.223–5.651; p = 0.013) and NICMP (HR = 12.164; 95% CI
0.999–148.093; p = 0.050).

Table 5. Uni- and multivariable hazard ratios for “high cTNI” with regard to 30-day all-cause
mortality (primary endpoint) within prespecified subgroups.

Univariable Multivariable *

HR 95% CI p Value HR 95% CI p Value

Ventricular tachycardia 2.694 1.762–4.121 0.001 2.333 1.276–4.267 0.006
Ventricular fibrillation 1.496 1.151–1.944 0.003 1.708 1.177–2.478 0.005

STEMI 1.258 0.563–2.813 0.576 5.047 0.657–38.607 0.120
NSTEMI 2.030 1.249–3.300 0.004 2.661 1.126–6.289 0.026
No myocardial infarction 2.364 1.772–3.152 0.001 1.963 1.331–2.897 0.001

Nonischemic
cardiomyopathy 6.299 0.703–56.414 0.100 12.164 0.999–148.093 0.050

Idiopathic ventricular
tachyarrhythmias 2.674 1.730–4.135 0.001 2.628 1.223–5.651 0.013

Patients with coronary angiography

Coronary artery disease 1.940 1.353–2.783 0.001 1.799 1.093–2.960 0.021
No coronary artery disease 6.421 2.679–15.390 0.001 5.466 1.725–17.316 0.004

Multivessel disease 1.985 1.292–3.048 0.002 1.736 0.950–3.171 0.073
Presence of CABG 3.002 0.924–9.752 0.067 2.048 0.473–8.867 0.338
Chronic total occlusion 2.638 1.388–5.016 0.003 1.916 0.859–4.272 0.112
Ischemic cardiomyopathy 2.106 1.476–3.004 0.001 1.801 1.102–2.942 0.019

CI, confidence interval; HR, hazard ratio; CABG, coronary artery bypass grafting; LVEF, left ventricular ejection
faction; NSTEMI, non-ST-segment elevation myocardial infarction. * Multivariable models were adjusted for
age, sex, diabetes mellitus, chronic kidney disease, LVEF < 35% and nonischemic cardiomyopathies. Level of
significance is p < 0.05. Bold type indicates statistical significance.

Furthermore, cTNI was associated with adverse outcomes in patients without AMI
(HR = 1.963; 95% CI 1.331–2.897; p = 0.001) and NSTMI (HR = 2.661; 95% CI 1.126–6.289;
p = 0.026), whereas cTNI had no prognostic impact in patients with STEMI (HR = 5.047; 95%
CI 0.657–38.607; p = 0.120). Finally, patients with ischemic cardiomyopathy (HR = 1.801;
95% CI 1.102–2.942; p = 0.019) had especially increased risk of 30-day all-cause mortality
when presenting with increased cTNI (Table 5).

3.5. Receiver Operating Characteristic (ROC) Analyses

The ROC analyses were performed within the entire, unmatched study cohort, as
well as separately for patients with VT and VF. Despite the different cTNI assays, only
cTNI values assessed by the SIEMENS Dimension® Vista 1500™ cTNI assay were included
within this analysis. Thus, cTNI showed a moderate predictive value for mortality at
30 days following ventricular tachyarrhythmias (area under the curve (AUC) 0.687; 95%
CI 0.595–0.691; p = 0.001) within the entire study cohort. However, cTNI was a more reliable
predictive value in patients admitted with VT (AUC 0.734; 95% CI 0.645–0.823; p = 0.001).
A cTNI level of 2.3105 ng/mL was determined to be the best cutoff value, with a sensitivity
of 55% and a specificity of 85%, respectively. In contrast, cTNI was not predictive in the
presence of VF (AUC 0.550; 95% CI 0.483–0.616; p = 0.166) (Figure 8).



J. Clin. Med. 2022, 11, 2987 16 of 20

Figure 8. Receiver operator characteristic (ROC) curve analyses of cTNI for the prediction of 30-day
all-cause mortality, stratified by patients within the entire study cohort, as well as separated by VT
and VF.

Finally, cTNI assessed by the SIEMENS Dimension® Vista 1500™ cTNI assay showed
reliable predictions of 30-day all-cause mortality in patients with coronary artery disease
(AUC 0.684; 95% CI 0.598–0.769; p = 0.044) and NSTEMI (AUC 0.627; 95% CI 0.530–0.724;
p = 0.050), whereas cTNI was not predictive for all-cause mortality in STEMI patients
(AUC 0.559; 95% CI 0.429–0.690; p = 0.379) (Supplemental Table S1). Furthermore, cTNI
showed good prediction of 30-day all-cause mortality in patients with idiopathic VT/VF
(AUC 0.726; 95% CI 0.632–0.820; p = 0.001).

4. Discussion

The present study evaluated the prognostic impact of cTNI levels on 30-day all-cause
mortality in patients presenting with ventricular tachyarrhythmias on hospital admission.
This study suggests that there is increased short-term mortality in patients with increased
cTNI, which was seen in patients admitted both with episodes of VT and VF. These find-
ings were consistent, even after multivariable adjustment and propensity score matching.
Patients with CAD, ICMP and MVD especially had increased risk of death in the pres-
ence of elevated cTNI. Even in VT patients, cTNI demonstrated valuable discrimination
of the primary endpoint, with an AUC of 0.734. In contrast, long-term prognostic end-
points (including all-cause mortality and risk of the composite arrhythmic endpoint) were
not affected by single cTNI measurements. Surprisingly, risk of cardiac rehospitalization
was lower in patients with high cTNI, which was no longer observed after propensity
score matching.

Although the identification of patients at high risk for SCD is of major clinical interest,
data on the prognostic role of biomarkers in this setting are still limited [31]. Within a large
case–control study that included six prospective cohorts and 565 SCD cases (as compared
to 1090 matched controls), cTNI, NT-proBNP, high-density lipoprotein cholesterol ratio
and high-sensitivity C-reactive protein were especially associated with an increased risk
of SCD at 11 years [6]. In line with this finding, a serial increase from baseline cTNI was
demonstrated to predict SCD in more than 3000 ambulatory patients who were included in
the “Cardiovascular Health Study” [8].

In contrast, to the best of our knowledge, no currently available study has investigated
the prognostic impact of cTNI in patients with ventricular tachyarrhythmias on hospital
admission. However, some studies have already evaluated the prognostic value of cTNI in
patients following CPR with heterogeneous findings. Within a single-center retrospective
registry, including 277 patients admitted after out-of-hospital cardiac arrest (OHCA), peak
troponin, but not initial troponin was especially associated with an increased risk of PCI.
Both initial and peak troponin did not affect the risk of in-hospital death [32]. However,
in that study, only 58% of the patients initially had a shockable rhythm, and no further
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subanalyses were performed with regard to patients with ventricular tachyarrhythmias. On
the contrary, a targeted temperature management (TTM) trial substudy composed of 669
OHCA patients suggested that hs-TNT was associated with increased risk of cardiovascular
death and multiorgan failure, while the proportion of patients with initial shockable
rhythm was higher (79%) [33]. However, the present study has a different point of view, as
it included patients with ventricular tachyarrhythmias and only 35% of the patients were
admitted to the hospital following OHCA.

Within our study, elevated cTNI levels were associated with increased risk of short-
term death, especially in patients with VT, and cTNI was revealed to be a reliable predictor
of all-cause deaths. By now, it is well understood that VT occurs particularly in patients
with adverse structural remodeling, mainly related to pre-existing CAD, leading to scar-
mediated re-entry [34]. Especially due to advances in AMI treatment related to nationwide
health-care supply, shorter door-to-balloon times and improved pharmacotherapies fol-
lowing AMI, the number of patients suffering from ischemic heart disease, as well as
the number of patients with arrhythmic substrate, have increased [35]. This raises the
relevance of improved therapies for VT (such as catheter ablation) and better identification
of patients who are at high risk of death. Therefore, this study identifies the cTNI level
as an independent predictor of all-cause mortality in patients with VT, with a potentially
increased arrhythmic burden. Thus, cTNI was shown to be a good predictor for the need
of PCI in patients with CAD, and was found to increase the risk of death in patients with
CAD, especially in 3-vessel CAD.

Furthermore, several studies have investigated the prognostic role of cTNI with
regard to the occurrence of ventricular tachyarrhythmias. For instance, Liu et al. found
that elevated cTNI levels were associated with the occurrence of nonsustained VT in 755
patients with hypertrophic obstructive cardiomyopathy [36]. However, cTNI did not affect
the risk of the composite arrhythmic endpoint (i.e., recurrent ventricular tachyarrhythmias,
appropriate ICD therapies and SCD) at long-term follow-up. Further studies are necessary
to prove the association of cTNI in ventricular tachyarrhythmias, especially focusing on
sequential cTNI measurements.

This study has several limitations. Despite the retrospective study design, there may
be some confounding due to unmeasured confounding variables, even though we adjusted
for potential confounding factors using multivariable Cox regression and propensity score-
matching analyses. Patients with ventricular tachyarrhythmias, who were not admitted to
our institution due to nonresuscitated OHCA, were beyond the scope of the present study.
Although we investigated the prognostic impact of cTNI in different CAD subgroups,
important tools to assess the severity of CAD, such as the “Synergy between Percutaneous
Coronary Intervention with Taxus and Cardiac Surgery” (SYNTAX) II score, were beyond
the scope of the present study. For the present study, risk stratification was performed
according to a single cTNI measurement. The cTNI levels during follow-up were only
available for a minor portion of the study population, and were therefore beyond the scope
of this study. No exact time from arrhythmia-to-cTNI measurement is available for the
present study. In 90.6% of the patients, cTNI was assessed at the same day of the index
event. Even after investigating the prognostic role of cTNI in patients who had their cTNI
assessment on index day, the findings were consistent within both the unmatched and
the matched cohorts. Furthermore, minor confounding may be present despite the use of
different cTNI assays during the study period. Based on the different types of cTNI assays,
ROC analyses were restricted to the SIEMENS Dimension® Vista intelligent lab system
for contemporary sensitive cTNI testing. The mode of death was not available in 16% of
the patients. Finally, despite the single-center study design, cardiac rehospitalization was
assessed only at our institution.

5. Conclusions

In conclusion, in patients admitted with ventricular tachyarrhythmias, cTNI was
associated with increased risk of all-cause mortality at 30 days. Especially in patients
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presenting with index episodes of VT, cTNI was a reliable predictor of all-cause death at
30 days.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/jcm11112987/s1, Table S1: Prognostic performance of cTNI for 30-day all-cause mortality
in pre-specified subgroups, Figure S1: Prognostic impact of cTNI on 30-day all-cause mortality in
patients with NICMP and idiopathic ventricular tachyarrhythmias.
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