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Myocardial Minimal Damage 
After Rapid Ventricular pacing 
– the prospective randomized 
multicentre MyDate-trial
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therapy of choice for the primary and secondary prevention of sudden cardiac death is the implantation 
of an implantable cardioverter defibrillator (ICD). Whereas appropriate and inappropriate ICD shocks 
lead to myocardial microdamage, this is not known for antitachycardia pacing (ATP). In total, 150 ICD 
recipients (66 ± 12 years, 81.3% male, 93.3% primary prevention, 30.0% resynchronization therapy) 
were randomly assigned to an ICD implantation with or without intraoperative ATP. In the group 
with ATP, the pacing maneuver was performed twice, each time applying 8 impulses  6 Volt x 1.0 
milliseconds to the myocardium. High sensitive Troponin T (hsTnT) levels were determined prior to the 
implantation and thereafter. There was no significant difference in the release of hsTnT between the 
two randomization groups (delta TnT without ATP in median 0.010 ng/ml [min. −0.016 ng/ml–max. 
0.075 ng/ml] vs. with ATP in median 0.013 ng/ml [min. −0.005–0.287 ng/ml], p = 0.323). Setting a 
hsTnT cutoff of 0.059 ng/dl as a regularly augmented postoperative hsTnT level, no relevant difference 
between the two groups regarding the postoperative hsTnT levels above this cutoff could be identified 
(without ATP n = 10 [14.7%] vs. with ATP n = 16 [21.9%], p = 0.287). There was no significant difference 
in the release of high sensitive troponin between patients without intraoperative Atp compared to 
those with intraoperative ATP. Hence, antitachycardia pacing does not seem to cause significant 
myocardial microdamage. This may further support its use as a painless and efficient method to 
terminate ventricular tachycardia in high-risk patients.

In addition to the optimal medical and interventional therapy of the underlying disease, the treatment of choice 
for the primary and secondary prevention of sudden cardiac death in high-risk patients is the implantation of 
an implantable cardioverter defibrillator (ICD). For the termination of ventricular arrhythmias, the ICD system 
provides two modalities: overdrive pacing (antitachycardia pacing [ATP]) and cardioversion or defibrillation 
with an ICD shock. ATP is well known for its high efficiency in the termination of ventricular arrhythmias, at 
the same time being favored for its painlessness and battery saving behavior1,2. Therefore, it is well established in 
ICD therapy and usually programmed as the first therapy option. Except for possible acceleration of ventricular 
tachycardia, relevant side effects of ATP have not yet been found1,2. However, going along with the discussion 
whether ICD therapies themselves lead to an increased morbidity and mortality or whether the progression of the 
underlying disease is responsible for an adverse prognosis, the prospective multicenter MADIT-RIT study raised 
the question whether the ATP therapy itself increases the risk for an unfavorable long-term outcome in ICD 
patients3. Randomizing patients to different programming strategies to avoid early ICD intervention and reduce 
the number of inappropriate ICD therapies, the reduction of ATP seemed to reduce mortality in this population. 
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Several studies have addressed this topic recently and the discussion of whether or not ICD therapies themselves 
might be harmful is ongoing. It has been shown earlier that ICD shocks can cause myocardial microdamage4,5. 
Whether ATP is associated with a similar myocardial damage is unclear and has not yet been studied thoroughly.

The aim of the MyDate (Myocardial Minimal Damage after rapid ventricular pacing) trial was therefore to 
characterize changes in levels of cardiac enzymes after rapid ventricular pacing, mimicking antitachycardia pac-
ing, to assess whether this type of ICD therapy can cause myocardial damage.

Methods
The MyDate trial was a prospective, randomized, multi-center trial (clinicaltrials.gov identifier: NCT02362802, 
date of first registration 13/02/2015). The study protocol was approved by the ethics committee of the Technical 
University of Munich (Ehtikkomission der Technischen Universität München) as leading ethics committee for 
the Deutsches Herzzentrum München, as well as approved by the ethics committees of the participating centers 
and complied with the conditions laid out by the Declaration of Helsinki. All patients gave their written informed 
consent prior to study inclusion.

Study population. Patients scheduled for ICD implantation for primary or secondary prevention of sudden 
cardiac death and/or cardiac resynchronization therapy were included in the study, if the apical lead position and 
a left pectoral implantation site was intended. To keep confounding factors concerning the device and the energy 
applied to the myocardium low, all included patients received a Sorin device. The manufacturer of the leads was 
left to the implanting physicians’ choice.

Patients were excluded from the study, if they met one of the following criteria:

•	 Resuscitation or heart surgery or acute coronary syndrome or acute myocardial infarction or revasculariza-
tion of coronary arteries or external cardioversion or ablation within four weeks prior to ICD implantation, 
as long as baseline hsTnT is elevated.

•	 Coronary artery disease with indication for coronary revascularization/heart surgery
•	 Presence of intracardiac thrombi
•	 General contraindication for ventricular burst stimulation or intraoperative defibrillation threshold testing
•	 Atypical lead position requiring intraoperative defibrillation threshold testing
•	 Right sided device implantation
•	 Planned external cardioversion of atrial tachyarrhythmias
•	 Planned lead extraction
•	 Planned lead revision except for additional RV lead implantation only
•	 Temporary pacemaker
•	 Cardiogenic shock
•	 Pulmonary embolism, stroke, dialysis within four weeks prior to implantation
•	 ASA (American Society of Anesthesiologists) status 4–6 or NYHA (New York Heart Association) IV
•	 Inability to give or refused written informed consent,
•	 Age <18 years.

Patient with history of atrial fibrillation where eligible for the study when they had been on oral anticoagula-
tion for at least four weeks prior to inclusion or a left atrial thrombus was excluded by transesophageal echocar-
diography prior to inclusion, if this was performed anyway during the admission.

Study protocol. The study protocol followed a previously developed strategy5. Between September 2014 and 
June 2017 patients were randomly assigned to either (1) “ICD implantation without intraoperative antitachycar-
dia pacing (without ATP)” or to (2) “ICD implantation with intraoperative antitachycardia pacing (with ATP)”. 
Intraoperative defibrillation threshold testing was not intended to be carried out in either of the groups. Random 
patient allocation was performed by sealed envelopes on a 1:1 basis in variable randomization blocks stratified by 
centre and by CRT versus non-CRT ICD systems.

Implantation procedure. Baseline blood samples were drawn at admission or within the clinical routine 
to determine the baseline serum levels of hsTnT (Elecsys high sensitive Troponin T, Roche diagnostics, Rotkreuz, 
Switzerland), creatinkinase (total and MB fraction) and creatinine. A second determination of hsTnT was made 
in the operation room shortly before the beginning of the implantation procedure. All implantation procedures 
were performed under analgosedation with the applied drugs left to the discretion of the respective physician. 
Vital parameters were continuously monitored during the whole implantation procedure. A sedation level of 
3 to 4 according to the Ramsay scale was intended to be maintained throughout the implantation. Following 
institutional standards, transvenous ICD implantation was performed placing the device either in a left-sided 
subpectoral or subcutaneous pocket and positioning the right ventricular lead in the right ventricular apex. Right 
atrial and left ventricular leads –where applicable– were also implanted according to institutional standards. After 
achieving adequate values for the sensing and pacing threshold of the leads, the procedure was continued accord-
ing to the patient’s randomization assignment.

In patients randomized to “implantation without intraoperative antitachycardia pacing”, the pocket was closed 
and the patient left the operation room without further action. In patients randomized to “implantation with 
intraoperative antitachycardia pacing”, ventricular stimuli were administered to the myocardium in the following 
manner: independent of the underlying atrial rhythm (sinus rhythm or atrial arrhythmia), two ventricular burst 
stimulations were administered to the myocardium via the right ventricular ICD lead without prior induction of 
a ventricular arrhythmia. The first ventricular burst stimulation consisted of eight impulses à 6.0 volts × 1.0 ms 
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with a cycle length of 290 ms followed by a second ventricular burst stimulation consisting of eight impulses à 6.0 
volts × 1.0 ms with a cycle length of 280 ms.

To determine the postoperative serum levels of hsTnT, creatinkinase (total and MB fraction) and creatinine, a 
further blood sample was taken on the following morning (between14 and 20 hours after implantation).

Procedure in case of deviations from the study protocol. All investigators were repeatedly educated 
to adhere strictly to the study protocol and to the randomized group. However, certain specific circumstances that 
could obviate the strict adherence to the testing protocol had been anticipated and recommendations for their 
management had been given in advance.

In cases in which the apical target region for the right ventricular lead could not be reached or yielded unsat-
isfactory results for the lead parameters, the implanter could select other pacing sites and it was recommended 
that ICD testing according to institutional standards should be performed. In the case of spontaneous appearance 
of ventricular or atrial arrhythmias or induction of such due to ATP application, the implanters were advised to 
perform ATP first and as a second step to attempt a pharmacological cardioversion (both in order to avoid shocks 
as far as possible). If the tachyarrhythmia persisted or if there were contraindications for pharmacological cardi-
oversion, the implanters were free to perform an internal or external electrical cardioversion.

All deviations from the original ICD test protocol were recorded and after analysis applying the 
intention-to-treat principle an additional per protocol analysis was done.

Study endpoints. The primary study endpoint was the level of myocardial micro-damage assessed by the 
postoperative levels of hsTnT as well as the delta in the hsTnT levels calculated from the difference between the 
postoperative and preoperative values.

Pre-specified secondary endpoints included the postoperative levels of the serum creatinkinase (total and MB 
fraction) as well as the delta in the serum creatinkinase (total and MB fraction) levels during the same observa-
tional period, and the stability of hsTnT levels calculated from the difference between preoperative and baseline 
hsTnT levels. All endpoints were evaluated according to the intention-to-treat principle.

Statistics. The study is a prospective, randomized, multicenter study, aiming to compare hsTnT levels after 
ICD implantation with or without intraoperative rapid ventricular pacing (ATP), to assess myocardial microdam-
age caused by ATP. According to the earlier published TropShock study5, addressing myocardial microdamage 
after ICD shocks, a postoperative hsTnT level above 0.059 ng/ml was specified as an indicator for relevant myo-
cardial microdamage. In the TropShock trial, a postoperative hsTnT level above 0.059 ng/ml was measured in 
41% of the patients with ICD implantation only and in 67% of the patients with ICD implantation and additional 
shock application. It was assumed that ATP causes a similar release of hsTnT as the application of an ICD shock. 
Consequently, proportions of increased hsTnT levels of 41% and 67% for the two study groups were assumed 
based on results in the TropShock trial. Sample size was planned to obtain a power of 80% for rejection of the 
null hypothesis (no difference in proportions of relevantly increased postoperative hsTnT levels between groups) 
on a significance level of α = 0.05. This resulted in a required sample size of 128 patients (64 patients per group). 
Expecting an induction of ventricular and atrial tachyarrhythmias due to intraoperative ATP and consequent 
electrical cardioversion/defibrillation in 10% of the patients randomized to implantation with intraoperative ATP 
and an additional attrition rate of 10% for logistic reasons, a total of 160 patients (80 patients per group) were 
planned to be included in a 1:1 randomization scheme.

Assuming that the ICD implantation with intraoperative ATP compared to an implantation without ATP 
goes along with a 50% elevation of hsTnT based on that caused by the implantation itself5, this sample size is suf-
ficiently large to detect a difference between the study groups comparing delta hsTnT (difference of postoperative 
and preoperative hsTnT values, power over 80%, Mann-Whitney U test).

Data analysis was performed using the software packages SPSS for Windows versions 22 and 24 (IBM Corp., 
Armonk, NY, USA). Analysis of the primary endpoint was carried out using the full analysis set (FAS), which 
was defined following the intention-to-treat principle. All patients with valid hsTnT levels were included in the 
analysis and each patient was analyzed in the group he/she was randomized to, irrespective of protocol devia-
tions. The primary endpoint was additionally analyzed in the per protocol population. For categorical outcomes 
including the primary analysis absolute and relative frequencies are presented and group comparisons were per-
formed using chi-squared tests. For quantitative measures, means and standard deviations for symmetrically 
distributed data or medians and ranges (minimum to maximum) for skewed data are shown. Two-sample t tests 
or Mann-Whitney U tests were used for group comparisons, as appropriate.

Results
Patient characteristics. Between September 2014 and June 2017, a total of 150 patients were included in 
the study in three centers in Germany and two centres in Switzerland. Of these 74 were randomized to “ICD 
implantation without intraoperative ATP” and 76 were randomized to “ICD implantation with intraoperative 
ATP”. Baseline patient characteristics and the procedural data are given in Tables 1 and 2 respectively. Except 
for left ventricular ejection fraction, baseline characteristics did not differ significantly between the two groups.

Primary endpoint. For the primary endpoint analysis a modified intention-to-treat analysis was performed. 
This included 141 patients presuming that missing data of 9 patients, which had to be excluded due to missing 
hsTnT values for logistic reasons, was very unlikely to bias the results. For the primary analysis, a comparison of 
the proportion of patients with postoperative hsTnT above 0.059 ng/dl, which was defined in the study protocol 
as relevant myocardial microdamage, was performed. This was observed in 10 (14.7%) patients without intraop-
erative ATP and in 16 (21.9%) patients with intraoperative ATP (p = 0.287). Median postoperative hsTnT levels 
were 0.028 ng/ml (min 0.008 ng/ml – max 0.168 ng/ml) in patients without intraoperative ATP and 0.030 ng/ml 
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(min. 0.011 ng/ml – max. 0.297 ng/ml) in patients with intraoperative ATP (p = 0.421). Considering the change 
in hsTnT (delta hsTnT), there was also no statistically significant difference between the two groups (no intra-
operative ATP: median 0.010 ng/ml [min. −0.016 ng/ml – max. 0.075 ng/ml] versus intraoperative ATP: median 
0.013 ng/ml [min. −0.005 ng/ml – max. 0.287 ng/ml], p = 0.323) (Fig. 1 and supplementary figure).

Secondary endpoints. In those patients from the full analysis set with valid CK measures (n = 138) the 
distribution of delta CK-levels did not differ significantly between patients without intraoperative ATP (median 
76U/l [min. −50U/l – max. 1539U/l]) and the group with intraoperative ATP (108U/l [min. −121U/l – max. 
740U/l]; p = 0.896) (Fig. 2). The same calculations were done for delta CK-MB-levels ((no intraoperative ATP: 
median −0.1U/l [min. −50.7U/l – max.7.3U/l] versus intraoperative ATP: median 0.3U/l [min. −58.5U/l – max. 
19U/l], p = 0.384)) and also showed no difference between the two groups (Fig. 3).

To prove stability of hsTnT levels over time, delta hsTnT was calculated from the difference between preop-
erative and baseline hsTnT levels, which were taken on admission. These delta hsTnT levels showed stability of 
hsTnT between the baseline levels at admission and the preoperative determination of hsTnT in both groups (no 
intraoperative ATP: delta hsTnT median 0.000 ng/ml [min. −0.017 ng/ml – max. 0.036 ng/ml] versus intraop-
erative ATP: delta hsTnT median 0.000 ng/ml [min. −0.020 ng/ml – max. 0.070 ng/ml], p = 0.063) (Fig. 4 and 
supplementary figure).

Per-protocol analysis. In 6 patients randomized to “ICD without intraoperative ATP (no ATP)” and in 
4 patients randomized to “ICD with intraoperative ATP (ATP)” the study protocol could not be performed as 
intended. The main reasons for non-adherence to the protocol were missing hsTnT measurements (6 patients 
in the “no ATP” group and 3 patients in the “ATP” group), as mentioned above. Moreover, in the “ATP” group, 
there was one patient, in whom sustained ventricular tachycardia was induced by intraoperative ATP which was 
terminated by internal shock (42 J). The remaining 140 patients were treated according to the protocol and were 
included in the per protocol analysis.

Total cohort 
(n = 150)

Without ATP 
(n = 74)

With ATP 
(n = 76) p value

Age [years], mean ± SD 66.2 ± 11.5 67.5 ± 11.7 65.0 ± 11.2 0.083

Male gender n (%) 122 (81.3) 57 (77.0) 65 (84.2) 0.212

Ischemic cardiomyopathy n (%) 77 (51.3) 35 (47.3) 42 (55.3) 0.414

Dilated cardiomyopathy n (%) 60 (40.0) 31(41.9) 29 (38.2) 0.739

Primary prevention n (%) 140 (93.3) 68 (91.9) 72 (94.7) 0.327

CRT n (%) 45 (30.0) 21 (28.4) 24 (31.6) 0.723

LV-EF [%], mean ± SD 29.5 ± 8.7 31.3 ± 10.0 27.8 ± 6.7 0.019

Renal insufficiency n (%) 44 (30.3) 23 (23.9) 21 (28.0) 0.589

Hypertension n (%) 125 (83.3) 62 (83.8) 63 (82.9) 0.612

Diabetes mellitus n (%) 53 (35.3) 29 (39.2) 24 (31.6) 0.211

Creatinine [mg/dl], mean ± SD 1.19 ± 0.33 1.19 ± 0.32 1.18 ± 0.34 0.413

Baseline hsTnT [ng/ml], median 
(min-max)

0.017
(0.004–0.149)

0.018
(0.004–0.118)

0.016
(0.004–0.149) 0.947

Table 1. Baseline characteristics.

Total cohort 
(n = 150)

Without ATP 
(n = 74)

With ATP 
(n = 76) p value

Subcutaneous position of ICD n (%) 95 (63.3) 50 (67.6) 45 (59.2) 0.313

Submuscular position of ICD n (%) 55 (36.6) 24 (32.4) 31 (40.8) 0.313

RV lead position Apex n (%) 124 (82.6) 63 (85.1) 61 (80.3) 0.519

RV lead position midseptal n (%) 17 (11.3) 7 (9.5) 10 (13.2) 0.608

Cut-to-suture time [min]
Median (Min – Max)

57.0
(18.0–238.0)

58.0
(18.0–238.0)

56.5
(26.0–216.0) 0.103

Fluoroscopy dosis [cGycm2] Median (Min – Max) 119
(6–8252)

107
(8.8–1950)

125.0
(6.0–8252.0) 0.316

Contrast dye [ml] Median (Min – Max) 0 (0–100) 0 (0–100) 0 (0–100) 0.557

Intraoperative right ventricular electrode positioning 
[n] median (Min-Max) 2.0 (1–10) 2.0 (1–10) 1.5 (1–6) 0.846

Time ATP/Suture – hsTnT [min], Median (Min – Max) 1104
(667–2581)

1124
(769–2581)

1061
(667–1579) 0.103

Table 2. Procedural data.

https://doi.org/10.1038/s41598-020-61625-8


5Scientific RepoRtS |         (2020) 10:4753  | https://doi.org/10.1038/s41598-020-61625-8

www.nature.com/scientificreportswww.nature.com/scientificreports/

For this cohort the per-protocol-analysis showed similar results as earlier described above for the 
intention-to-treat population. There was no significant difference in postoperative absolute and delta hsTnT levels 
in both groups, as well as no significant difference in the delta CK and CK-MB levels.

Induction of arrhythmias caused by ATP. Neither the acceleration nor the induction of any atrial 
arrhythmia was caused by ATP in the intervention group. Sustained monomorphic ventricular tachycardia was 
induced by ATP in 3 patients in the “ATP” group (3,9%). In two of these patients ventricular tachycardia was ter-
minated by ATP. In one patient the ventricular tachycardia had to be terminated by internal ICD shock (42 Joule) 
due to its short cycle length (285 ms; 210bpm) and consecutive hemodynamic instability.

Discussion
The aim of the MyDate study was to define myocardial microdamage caused by antitachycardia pacing. The main 
findings of the study are: (1) there is no significant difference in the post-operative rise of hsTnT levels between 
a group of patients randomized to “ICD implantation without intraoperative ATP” and a group of patients ran-
domized to “ICD implantation with intraoperative ATP”. (2) hsTnT levels show reliable stability over time in the 
study population. (3) the induction of sustained ventricular tachycardia due to ATP is rare.

Data concerning myocardial microdamage caused by antitachycardia pacing is scarce. In earlier days of ICD 
therapy a non randomized study showed no relevant myocardial injury after pacing terminated ventricular tach-
ycardia in 10 patients, but the group of patients was small, a ventricular arrhythmia was induced prior to ATP 
and laboratory parameters refered to Troponin T but not to hsTnT, which today is commonly used to assess myo-
cardial micro-damage6. Recently available data of prospective randomized trials only refer to determination of 
cardiac enzymes after ICD implantation and additional ICD shocks4,5. The results of these trials suggest, that there 
is myocardial microdamage, not only caused by the implantation of the ICD but also related to ICD shocks them-
selves. In a subanalysis of the recently published randomized SIMPLE trial, postoperatively elevated troponin 
levels after ICD implantation lead to an unfavorable longterm outcome namely an increased all-cause mortality 
and a higher risk of arrhythmic death4. In patients with additional intraoperative defibrillation threshold testing, 
elevated troponin levels were more commonly detected than in patients without defibrillation threshold testing. 
In other entities, such as heart failure, acute coronary syndroms, stable coronary artery disease and atrial fibril-
lation, elevated levels of Troponin have not only been shown to be associated with myocardial microdamage but 
also with increased mortality and morbidity7–9. By randomizing patients either to an ICD implantation without 
intraoperative ATP or to an ICD implantation with intraoperative ATP, we aimed to characterize myocardial 
microdamage caused by ATP. In this study population we found no difference in postoperative levels of cardiac 
enzymes between the two randomization groups, suggesting that there is no relevant myocardial damage due to 
ATP. Moreover, we proved in a secondary analysis that the preoperative hsTnT levels were stable over time and 
thus excluded the possibility of unstable measurements influencing the results. However, because our trial was 

Figure 1. Primary endpoint; increase in hsTnT [ng/ml] (intention to treat analysis) for both randomization 
groups. hsTnT = high sensitive Troponin T, without ATP = implantation without antitachycardia pacing, with 
ATP = implantation with antitachycardia pacing.
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Figure 2. Secondary endpoint; increase in CK [U/l] (intention-to-treat analysis) for both randomization 
groups. CK = Creatinkinase, without ATP = implantation without antitachycardia pacing, with 
ATP = implantation with antitachycardia pacing.

Figure 3. Secondary endpoint; increase in CK-MB[U/l] (intention-to-treat analysis) for both randomization 
groups. CK-MB = Creatinkinase MB, without ATP = implantation without antitachycardia pacing, with 
ATP = implantation with antitachycardia pacing.
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designed as an acute study, we are not able to conclude on potential long-term effects of ATP on morbidity and 
mortality. The use of ATP is well established in ICD therapy, being known for its efficient and painfree termina-
tion of slow as well as fast ventricular tachycardias, while reducing ICD shocks and patient discomfort at the same 
time1,2,10–13. However, the ongoing international discussion of whether or not ICD therapies themselves lead to 
an increase in mortality expanded from the initially targeted ICD shocks to ATP. In 2012 the prospective rand-
omized MADIT-RIT study, designed to compare different ICD programming strategies to reduce the number of 
inadequate ICD therapies, suggested that a significant reduction of appropriate and inappropriate ATP leads to 
a relevant reduction of mortality and raised the question of whether ATP itself was responsible for a worse out-
come3. Since then, several studies sought to define the impact of ATP on mortality. In a prospective single-center 
registry including almost 1400 patients, ATP as first therapy after implantation was associated with an adverse 
prognosis and was followed by further ATP or ICD shocks in the clinical course, hence suggesting a progression 
of the underlying heart disease14. Strickberger et al. analyzed remote-monitoring data of nearly 70000 patients 
and found an improved survival in patients receiving ATP versus patients receiving ICD shocks for an underlying 
ventricular arrhythmia, but there was still an increased mortality risk compared to patients without any ICD 
therapy. In this real-world population, the success rate of ATP in the termination of ventricular tachycardia was 
>85%, confirming its efficiency15. Recently, a prospective multicenter observation study including 1404 patients 
found no association of adequate or inadequate ATP and mortality11 and goes along with many observational 
and randomized trials earlier showing no impact of ATP on mortality either2,16–20. Meanwhile a subanalysis of the 
MADIT-RIT study identified adequate shocks, inadequate ICD therapies and a conventional aggressive ICD pro-
gramming as independent predictors of mortality. Appropriate ATP itself was no relevant independent predictor 
of mortality in this subanalysis21. Whether ATP itself or the progression of the underlying heart disease leading to 
ventricular arrhythmias is associated with an increase in mortality still remains unclear. To answer this question, 
randomized studies exclusively addressing this topic are warranted in the future.

The concern that inadequate ATP might induce or accelerate arrhythmias and therefore might lead to addi-
tional shock applications was addressed in a few studies, showing that the risk of induction of supraventricular 
and ventricular arrhythmias is generally very low11,18,22, whereas the acceleration of ventricular arrhythmias range 
between 1.5% and 28%2,23,24. Our findings conform with these studies, documenting three sustained ventricular 
tachycardias induced by intraoperative ATP in three different patients (3.9%). Only one of these had to be treated 
by internal cardioversion due to its short cycle length, two others were successfully treated by ATP. No supraven-
tricular tachycardia was induced or accelerated in our population.

Because our trial was designed as an acute study we are not able to conclude on potential long-term effects of 
ATP on morbidity and mortality. However, our findings, that there is (1) no relevant myocardial microdamage 
caused by ATP in this study population and (2) ventricular tachycardias induced by ATP are rare, may support its 
use as a painless and efficient method to terminate ventricular tachycardia in high-risk patients.

Figure 4. Secondary endpoint; stability of hsTnT [ng/ml] (intention to treat analysis) for both randomization 
groups. hsTnT = high sensitive Troponin T, without ATP = implantation without antitachycardia pacing, with 
ATP = implantation with antitachycardia pacing.
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Limitations. The study was designed to determine potential myocardial micro-damage caused by intraop-
erative ATP. To apply the same ATP energy levels and cycle lengths on the myocardium the devices of only one 
manufacturer were implanted. We therefore cannot make a conclusion about ATP applied by other manufactur-
ers. Moreover, no conclusion can be made about other types of rapid ventricular pacing. The manufacturer of the 
leads was left to the physicians’ choice. As all implanted leads in this study were active fixation leads, we are not 
able to comment about myocardial micro-damage caused by ATP and passive fixation leads. However, in a recent 
study, the type of pacemaker lead fixation (active versus passive fixation leads) did not significantly influence the 
extent of myocardial injury25. Due to ethical and logistical reasons, postoperative blood samples were taken the 
next morning. This might have led to a determination of hsTnT outside its peak. However, the time from intraop-
erative ATP/suture to determination of hsTnT was not significantly different in both randomization groups. This 
study was not created in a dose-response manner and can therefore not give evidence in this point. Moreover, 
as it was designed to determine acute effects of ATP on myocardial damage, no conclusion can be made about 
potential longterm effects.

conclusion
Additional intraoperative ATP did not lead to a significant rise in hsTnT release compared to an ICD implantation 
without ATP. Hence, antitachycardia pacing seems not to cause relevant myocardial microdamage. This may fur-
ther support its use as a painfree and effective method to terminate ventricular tachycardia in high-risk patients 
and may provide proponents for a delayed ICD therapy, favoring ATP, with additional arguments.

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on 
reasonable request.

Received: 15 August 2019; Accepted: 1 March 2020;
Published: xx xx xxxx

References
 1. Wathen, M. S. et al. Shock reduction using antitachycardia pacing for spontaneous rapid ventricular tachycardia in patients with 

coronary artery disease. Circulation. 104, 796–801 (2001).
 2. Wathen, M. S. et al. Prospective randomized multicenter trial of empirical antitachycardia pacing versus shocks for spontaneous 

rapid ventricular tachycardia in patients with implantable cardioverter-defibrillators. Pacing fast ventricular tachycardia reduces 
shock therapies (PainFREE Rx II) Trial Results. Circulation. 110, 2591–2596 (2004).

 3. Moss, A. J. et al. Reduction in inappropriate therapy and mortality through ICD programming. N. Engl. J. Med. 367, 2275–2283 
(2012).

 4. Vamos, M. et al. Troponin levels after ICD implantation with and without defibrillation testing and their predictive value for 
outcomes: insights from the SIMPLE trial. Heart Rhythm. 13, 504–510 (2016).

 5. Semmler, V. et al. ICD shock, not ventricular fibrillation, causes elevation of high sensitive troponin T after defibrillation threshold 
testing – the prospective, randomized, multicentre TropShock-Trial. PLoS ONE. 10, e0131570, https://doi.org/10.1371/journal.
pone.0131570 (2015).

 6. Runsiö, M., Kallner, A., Källner, G., Rosenqvist, M. & Bergfeldt, L. Myocardial injury after electrical therapy for cardiac arrhythmias 
assessed by troponin T release. Am. J. Cardiol. 79, 1241–1245 (1997).

 7. Sonel, A. F. et al. Detectable troponin levels predict poor prognosis in patients with left ventricular dysfunction undergoing internal 
defibrillator implantation. Pacing Clin. Electrophysiol. 30, 839–44 (2007).

 8. Jeremias, A. & Gibson, C. M. Narrative review: alternative causes for elevated cardiac troponin levels when acute coronary 
syndromes are excluded. Ann. Intern. Med. 142, 786–791 (2005).

 9. Van Waes, J. A. et al. Cardiac health after surgery (CHASE) investigators. Myocardial injury after noncardiac surgery and its 
association with short-term mortality. Circulation. 127, 2264–2271 (2013).

 10. Anguera, I. et al. Shock reduction with multiple bursts of antitachycardia pacing therapies to treat fast ventricular tachyarrhythmias 
in patients with implantable cardioverter defibrillators: a multicenter study. J. Cardiovasc. Electrophysiol. 26, 774–782 (2015).

 11. Landolina, M. et al. Ventricular antitachycardia pacing therapy in patients with heart failure implanted with a cardiac 
resynchronization therapy defibrillator device: Efficacy, safety, and impact on mortality. Heart Rhythm. 13, 472–480 (2016).

 12. Martins, R. P. et al. Safety and efficacy of programming a high number of antitachycardia pacing attempts for fast ventricular 
tachycardia: a prospective study. Europace. 14, 1457–1464 (2012).

 13. Sears, S., Whited, A., Koehler, J. & Gunderson, B. Examination of the differential impacts of antitachycardia pacing vs. shock on 
patient activity in the EMPIRIC study. Europace. 17, 417–423 (2015).

 14. Kleemann, T., Strauss, M., Kouraki, K. & Zahn, R. Clinical course and prognostic relevance of antitachycardia pacing-terminated 
ventricular tachyarrhythmias in implantable cardioverter defibrillator patients. Europace. 17, 1068–1075 (2015).

 15. Strickberger, A. et al. Association of antitachycardia pacing or shocks with survival in 69,000 patients with an implantable 
defibrillator. J. Cardiovasc. Electrophysiol. 28, 416–422 (2017).

 16. Bencardino, G. et al. The association between ICD interventions and mortality is independent of their modality: clinical 
implications. J. Cardiovasc. Electrophysiol. 24, 1363–1367 (2014).

 17. Larsen, G., Evans, J., Lambert, W. E., Chen, Y. & Raitt, M. H. Shocks burden and increased mortality in implantable cardioverter-
defibrillator patients. Heart Rhythm. 8, 1881–1886 (2011).

 18. Sun, S., Johnson, J., DeGroot, P., Brown, M. L. & Obel, O. Effect of ICD therapies on mortality in the OMNI trial. J. Cardiovasc. 
Electrophysiol. 27, 192–199 (2016).

 19. Sweeney, M. O., Sherfesee, L., DeGroot, P. J., Wathen, M. S. & Wilkoff, B. L. Differences in effect of electrical therapy type for 
ventricular arrhythmias on mortality in implantable cardioverter-defibrillator patients. Heart Rhythm. 7, 353–360 (2010).

 20. Wilkoff, B. L. et al. A comparison of empiric to physician-tailored programming of implantable cardioverter-defibrillators: results 
from the prospective randomized multicenter EMPIRIC trial. J. Am. Coll. Cardiol. 48, 330–339 (2006).

 21. Ruwald, A. C. et al. Mortality reduction in relation to implantable cardioverter defibrillator programming in the multicenter 
automatic defibrillator implantation trial – reduce inappropriate therapy (MADIT-RIT). Circ. Arrhythm. Electrophysiol. 7, 785–792 
(2014).

 22. Tzeis, S., Andrikopoulos, G., Rassias, I. & Theodorakis, G. Tachycardia induction due to inappropriate implantable cardioverter 
defibrillator therapy: What is the mechanism? Hellenic J. Cardiol. 51, 558–562 (2010).

https://doi.org/10.1038/s41598-020-61625-8
https://doi.org/10.1371/journal.pone.0131570
https://doi.org/10.1371/journal.pone.0131570


9Scientific RepoRtS |         (2020) 10:4753  | https://doi.org/10.1038/s41598-020-61625-8

www.nature.com/scientificreportswww.nature.com/scientificreports/

 23. Schaumann, A., von zur Mühlen, F., Herse, B., Gonska, B. D. & Kreuzer, H. Empirical versus tested antitachycardia pacing in 
implantable cardioverter defibrillators: a prospective study including 200 patients. Circulation. 97, 66–74 (1998).

 24. Sharaf-Dabbagh, G. et al. Significance of clinical ventricular tachycardias induced by antitachycardia pacing in patients with prior 
myocardial infarction. Heart Rhythm. 16, 544–550 (2018).

 25. Blazek, P. et al. Pacemaker implantation associated myocardial micro-damage: a randomised comparison between active and passive 
fixation leads. Sci. Rep. 8, 4870 (2018).

Acknowledgements
The study was supported by a study grant from Sorin Group. The funders had no role in study design, data 
collection, data analysis, preparation of the manuscript and decision to publish.

Author contributions
V.S.: Concept/design of the study, coordination of participating centers, data collection, statistics, data analysis, 
data interpretation, drafting article, critical revision and approval of article. C.D.: Coordination of participating 
centers, data collection, critical revision and approval of article. B.H.: statistics, data analysis, critical revision and 
approval of article. C.L., A.B., C.G., P.B. and S.W.: data collection, critical revision and approval of the article. M.K. 
and S.B.: coordination of participating center, data collection, critical revision and approval of the article. C.K.: 
Concept/design of the study, coordination of participating centers, data collection, statistics, data interpretation, 
drafting article, critical revision and approval of article.

competing interests
V.S. received travel support from Sorin Group and Abbott Medical. She received educational grants and training 
from Abbott Medical (St. Jude Medical) and Boston Scientific. P.B. received travel support from Abbott Medical 
and lecture honoraria from Biotronik. S.W. reports lecture honoraria from German Cardiac Society (DGK); 
he has received educational grants and training from Abbott Medical (St. Jude Medical) and Biotronik. M.K. 
reports lecture honoraria from Bristol-Myers Squibb and Bayer. C.K. reports speaker fees/travel support from 
Abbott Medical, Biotronik, Boston Scientific, Bristol-Myers-Squibb, Microport, Novartis, Philips; he has 
participated in clinical studies supported by Abbott Medical, Biotronik, Boston Scientific, Microport and is/
has been an advisor to Biotronik and Microport. C.D., B.H., C.L., A.B., C.G. and S.B. declare no conflicts of 
interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-61625-8.
Correspondence and requests for materials should be addressed to V.S.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-61625-8
https://doi.org/10.1038/s41598-020-61625-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Myocardial Minimal Damage After Rapid Ventricular Pacing – the prospective randomized multicentre MyDate-Trial
	Methods
	Study population. 
	Study protocol. 
	Implantation procedure. 
	Procedure in case of deviations from the study protocol. 
	Study endpoints. 
	Statistics. 

	Results
	Patient characteristics. 
	Primary endpoint. 
	Secondary endpoints. 
	Per-protocol analysis. 
	Induction of arrhythmias caused by ATP. 

	Discussion
	Limitations. 

	Conclusion
	Acknowledgements
	Figure 1 Primary endpoint increase in hsTnT [ng/ml] (intention to treat analysis) for both randomization groups.
	Figure 2 Secondary endpoint increase in CK [U/l] (intention-to-treat analysis) for both randomization groups.
	Figure 3 Secondary endpoint increase in CK-MB[U/l] (intention-to-treat analysis) for both randomization groups.
	Figure 4 Secondary endpoint stability of hsTnT [ng/ml] (intention to treat analysis) for both randomization groups.
	Table 1 Baseline characteristics.
	Table 2 Procedural data.




