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Cardiac defibrillator 
implantation in patients 
with syncope and inducible 
ventricular arrhythmia: insights 
from the German Device Registry
Ann‑Kathrin Kahle 1,2,3, Jochen Senges 4, Matthias Hochadel 4, Johannes Brachmann 5,6, 
Dierk Thomas 7,8, Florian Straube 9, Klaus Bonaventura 10, Robert Larbig 11, Nikos Werner 12,13, 
Christian Butter 14, Fares‑Alexander Alken 1,3 & Christian Meyer 1,3*

History of syncope is an independent predictor for sudden cardiac death. Programmed stimulation 
may be considered for risk stratification, but data remain sparse among different populations. Here, 
we analyzed the prognostic value of inducible ventricular arrhythmia (VA) regarding clinical outcome 
in patients with syncope undergoing defibrillator implantation. Among 4196 patients enrolled in the 
prospective, multi-center German Device Registry, patients with syncope and inducible VA (n = 285, 
6.8%) vs. those with a secondary preventive indication (n = 1885, 45.2%), defined as previously 
documented sustained ventricular tachycardia or ventricular fibrillation, serving as a control group 
were studied regarding demographics, device implantation and post-procedural adverse events. 
Patients with syncope and inducible VA (64.9 ± 14.4 years, 81.1% male) presented less frequently 
with congestive heart failure (15.1% vs. 29.1%; p < 0.001) and any structural heart disease (84.9% 
vs. 89.3%; p = 0.030) than patients with a secondary preventive indication (65.0 ± 13.8 years, 81.0% 
male). Whereas dilated cardiomyopathy (16.8% vs. 23.8%; p = 0.009) was less common, hypertrophic 
cardiomyopathy (5.6% vs. 2.8%; p = 0.010) and Brugada syndrome (2.1% vs. 0.3%; p < 0.001) were 
present more often. During 1-year-follow-up, mortality (5.1% vs. 8.9%; p = 0.036) and the rate of 
major adverse cardiac or cerebrovascular events (5.8% vs. 10.0%; p = 0.027) were lower in patients 
with syncope and inducible VA. Among patients with inducible VA, post-procedural adverse events 
including rehospitalization (27.6% vs. 21.7%; p = 0.37) did not differ between those with vs. without 
syncope. Taken together, patients with syncope and inducible VA have better clinical outcomes than 
patients with a secondary preventive defibrillator indication, but comparable outcomes to patients 
without syncope, which underlines the relevance of VA inducibility, potentially irrespective of a 
syncope.
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The implantable cardioverter-defibrillator (ICD) is the mainstay of therapy for the primary and secondary pre-
vention of sudden cardiac death (SCD)1. Programmed ventricular stimulation (PVS) is indicated for risk strati-
fication of SCD in post-infarct patients in whom syncope remains unexplained after non-invasive evaluation. 
It may further be considered for selected populations including patients with dilated or arrhythmogenic right 
ventricular cardiomyopathy2. In this context, it has been confirmed that patients with coronary artery disease, 
left ventricular dysfunction and inducible sustained ventricular arrhythmia (VA) during PVS have a higher risk 
of SCD and a higher overall mortality than those without inducible VA3. For other patient populations data 
remain controversial.

The history of syncope is an independent predictor for SCD as well as appropriate device discharge and may 
be helpful for identification of patients at increased risk4. However, patients with syncope and inducible VA dur-
ing PVS, comprising a small group of all patients undergoing defibrillator implantation, are not well represented 
in clinical trials and data on the prognostic value of inducible VA regarding clinical outcome during the first 
time period after ICD implantation in patients with syncope are sparse5. Therefore, the purpose of this study 
was to assess patient characteristics, data on device implantation and post-procedural adverse events in patients 
with syncope and inducible VA, derived from a prospective, multi-center database, compared to those with a 
secondary preventive indication, defined as previously documented occurrence of either sustained ventricular 
tachycardia or ventricular fibrillation, serving as a well-studied control group with respect to ICD implanta-
tion as a gold standard for reducing the rate of mortality and major adverse cardiac or cerebrovascular events 
(MACCE). Considering the limited indications for PVS, in an additional analysis of all patients with inducible 
VA, those with vs. without previous syncope were compared for patient characteristics and clinical outcomes 
after defibrillator implantation.

Methods
Recruitment and study design.  The German Device Registry is a prospective, multi-center non-profit 
database of ICD implantations with or without cardiac resynchronization therapy (CRT) under supervision 
of the “Stiftung Institut für Herzinfarktforschung” (IHF, Ludwigshafen, Germany). A total of 50 participating 
centers enrolled patients between March 2007 and April 2010. The ethics committee of the Rhineland‐Palati-
nate State Medical Council (Landesärztekammer Rheinland-Pfalz) approved the study, which was conducted in 
accordance with the provisions of the Declaration of Helsinki, all relevant guidelines and regulations. Patients 
gave written informed consent for procedure and registry participation. All data were entered into an inter-
net-based, secure electronic database and transmitted to the IHF using a secure socket layer for encryption. 
The registry captured baseline data on patients’ demographics, device indication, implantation procedure and 
complications6.

The present study population includes patients undergoing ICD implantation or replacement divided into 
patients with a history of at least one syncope and inducible VA, defined as inducible sustained monomorphic 
ventricular tachycardia or ventricular fibrillation, during PVS vs. patients with a secondary preventive indica-
tion, defined as previously documented occurrence of either sustained ventricular tachycardia or ventricular 
fibrillation, serving as a well-studied control group. PVS was performed in line with the given ESC guidelines 
as interpreted at the operator’s discretion. In an additional analysis of patients with inducible VA, those with vs. 
without previous syncope were compared.

Follow‑up.  Follow-up contacts were scheduled 1 year after device implantation or replacement by telephone 
and performed by IHF representatives. The telephone interview included questions on arrhythmias, cardiac 
events, clinical symptoms, medication, complications, hospitalizations and quality of life. In case of an ineffective 
call, further information was gathered from other caring physicians or civil registration offices. Data on mortal-
ity and ICD shocks were additionally obtained from available records and device interrogations6.

Systematic literature review.  To put our presented findings from a large prospective, multi-center data-
base into context, we performed a systematic literature review on prospective studies assessing patients with pre-
vious syncope and inducible VA during PVS. The literature search was conducted using the terms “programmed 
ventricular stimulation AND syncope” OR “inducible ventricular tachycardia AND syncope” OR “ventricular 
stimulation AND syncope” OR “VT induction AND syncope” in PubMed/MEDLINE. We supplemented our 
database searches with manual searches of the reference lists of published studies. Potentially eligible studies 
were assessed independently by 2 investigators (A.K.K. and C.M.). Studies were included if they (1) assessed 
patients with syncope and inducible VA; and (2) reported demographics and/or data on ICD implantation and/
or outcomes (after ICD implantation) in this population. The following exclusion criteria were applied: (1) Case 
reports and case series; (2) studies published in abstract form only; (3) studies of which the abstract was not 
available in English; (4) studies investigating arrhythmias other than inducible VA; (5) studies only including 
patients with documented ion channel diseases. The initial review included all prospective and retrospective 
studies with or without a control group and was subsequently restricted to prospective studies only.

In addition, we reviewed classes of recommendations and levels of evidence for ICD implantation in patients 
with syncope and inducible VA according to international guidelines2,7,8.

Statistical analysis.  Continuous variables are presented as mean ± SD or median with interquartile ranges 
(25th–75th percentile). Categorical variables are expressed as absolute numbers with percentage of patients. 
Statistical differences between groups were compared using the Mann–Whitney U test, the chi-square test or the 
Fisher’s exact test, respectively. Survival analysis was estimated using the Kaplan–Meier method and compared 



3

Vol.:(0123456789)

Scientific Reports |        (2023) 13:12182  | https://doi.org/10.1038/s41598-023-37440-2

www.nature.com/scientificreports/

with the log-rank test. A p value < 0.05 was considered statistically significant. All analyses were performed at the 
Biometrics Department of the IHF.

Results
Study population.  Out of 4196 patients enrolled in the German Device Registry, 285 (6.8%) had a history 
of syncope or presyncope and inducible VA during PVS, 1885 patients (45.2%) had a secondary preventive defi-
brillator indication with documented ventricular tachycardia in 51.8% and ventricular fibrillation in 45.8% of 
patients. Demographic data at baseline are shown in Table 1. Patients with syncope and inducible VA presented 
less often with congestive heart failure, defined as the presence of diagnostic signs and symptoms of heart failure 
according to the ESC guidelines, (15.1% vs. 29.1%; p < 0.001) and any underlying structural heart disease (84.9% 
vs. 89.3%; p = 0.030) than patients with a secondary preventive indication. Whereas dilated cardiomyopathy 
(16.8% vs. 23.8%; p = 0.009) was less common in patients with syncope and inducible VA, hypertrophic cardio-
myopathy (5.6% vs. 2.8%; p = 0.010) and Brugada syndrome (2.1% vs. 0.3%; p < 0.001) were present more fre-
quently (Fig. 1). They had a higher left ventricular ejection fraction (43.7 ± 14.2% vs. 38.1 ± 14.2%; p < 0.001) with 
a lower percentage of patients assigned to left ventricular ejection fraction ≤ 30% (27.8% vs. 42.7%; p < 0.001) 
and New York Heart Association class III–IV (21.7% vs. 30.0%; p = 0.008). Intraventricular conduction disorders 
were found less frequently in patients with previous syncope and inducible VA (30.2% vs. 36.6%; p = 0.035). 
Previous cardiopulmonary resuscitation was reported in 55.4% of patients undergoing secondary preventive 
defibrillator implantation. The rate of previous sudden cardiac death in the family history did not differ between 
groups (3.6% vs. 4.4%; p = 0.84). Demographic data of patients undergoing first-time defibrillator implantation 
are shown in Supplementary Table S1.

Table 1.   Patient baseline characteristics. Values are presented as mean ± SD, median (IQR) or n (%). Variables 
were compared using the Mann–Whitney U test or the chi-square test, respectively. ARVC arrhythmogenic 
right ventricular cardiomyopathy, CI confidence interval, LBBB left bundle branch block, LVEF left ventricular 
ejection fraction, RBBB right bundle branch block, VA ventricular arrhythmia.

Variable Syncope and inducible VA (n = 285)
Secondary preventive indication 
(n = 1885) p value Odds ratio (95%-CI)

Age, years 64.9 ± 14.4 65.0 ± 13.8 0.93 –

Male sex 231 (81.1) 1526 (81.0) 0.97 1.01 (0.73–1.38)

Body mass index, kg/m2 25.0 (23.5–29.7) 26.1 (24.2–29.4) 0.60 –

LVEF, % 43.7 ± 14.2 38.1 ± 14.2  < 0.001 –

   LVEF ≤ 30% 73 (27.8) 758 (42.7)  < 0.001 0.51 (0.39–0.69)

Sinus rhythm at baseline 231 (81.1) 1459 (77.6) 0.19 1.23 (0.90–1.69)

Atrial fibrillation at baseline 41 (14.4) 338 (18.0) 0.14 0.77 (0.54–1.09)

Atrioventricular block 57 (20.0) 346 (18.4) 0.53 1.11 (0.81–1.51)

   Atrioventricular block III 0 (0) 23 (6.8) 0.16 –

Intraventricular conduction disorder 86 (30.2) 687 (36.6) 0.035 0.75 (0.57–0.98)

   LBBB 51 (17.9) 398 (21.2) 0.20 0.81 (0.59–1.12)

   RBBB 12 (4.2) 160 (8.5) 0.012 0.47 (0.26–0.86)

Structural heart disease 242 (84.9) 1683 (89.3) 0.030 0.68 (0.47–0.96)

Coronary artery disease 162 (56.8) 1172 (62.2) 0.085 0.80 (0.62–1.03)

Prior myocardial infarction 95 (33.3) 683 (36.2) 0.34 0.88 (0.68–1.15)

   Time since myocardial infarction, months 143 (111–226) 78 (2–168) 0.002 –

Coronary artery bypass graft 38 (13.3) 325 (17.2) 0.099 0.74 (0.51–1.06)

Dilated cardiomyopathy 48 (16.8) 448 (23.8) 0.009 0.65 (0.47–0.90)

Hypertrophic cardiomyopathy 16 (5.6) 52 (2.8) 0.010 2.10 (1.18–3.72)

Congestive heart failure 43 (15.1) 548 (29.1)  < 0.001 0.43 (0.31–0.61)

   Time since diagnosis, months 4 (0–30) 3 (0–20) 1 –

Hypertensive heart disease 18 (6.3) 86 (4.6) 0.20 1.41 (0.83–2.38)

Primary electrical disease 15 (5.3) 71 (3.8) 0.23 1.42 (0.80–2.51)

   Brugada syndrome 6 (2.1) 6 (0.3)  < 0.001 6.73 (2.16–21.02)

   Long QT 2 (0.7) 38 (2.0) 0.12 0.34 (0.08–1.43)

   ARVC 3 (1.1) 16 (0.8) 0.73 1.24 (0.36–4.29)

Arterial hypertension 149 (52.3) 905 (48.0) 0.18 1.19 (0.92–1.52)

Diabetes mellitus 48 (16.8) 421 (22.3) 0.036 0.70 (0.51–0.98)

Stroke 7 (2.5) 77 (4.1) 0.18 0.59 (0.27–1.29)

Chronic obstructive pulmonary disease 2 (0.7) 51 (2.7) 0.041 0.25 (0.06–1.05)

Chronic kidney disease 29 (10.2) 265 (14.1) 0.074 0.69 (0.46–1.04)
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Implantation procedure.  Device implantation was performed more often urgently in patients with syn-
cope and inducible VA than in patients with a secondary preventive indication (46.4% vs. 22.5%; p = 0.005). 
Of all procedures, 77.5% were first-time implants, with fewer previous implants in the cohort of patients with 
syncope and inducible VA (31.5% vs. 40.0%; p = 0.010). Previous implants were mainly ICDs without (27.2% 
vs. 34.6%; p = 0.020) or with CRT (0.4% vs. 2.8%; p = 0.021). Pacemakers were implanted in 4.3% and 4.8% of 
patients, respectively (p = 0.71).

During the index implantation procedure, single-chamber ICDs were chosen less frequently in patients with 
a history of syncope and inducible VA during PVS (48.8% vs. 60.1%; p < 0.001), and dual-chamber ICDs more 
often than in patients with a secondary preventive indication (40.7% vs. 26.0%; p < 0.001). ICDs with CRT were 
implanted in 10.5% vs. 13.9%, respectively (p = 0.12).

Rates of revision of the implanted or replaced defibrillator (1.7% vs. 2.3%; p = 0.64) as well as complications 
(2.4% vs. 3.5%; p = 0.45) during hospital stay did not differ between groups (Table 2). At discharge, patients with 

Figure 1.   Cardiac comorbidities of the study population. The incidence of cardiac comorbidities in patients 
with syncope and inducible VA versus patients with a history of sustained VT or VF is shown. Whereas CHF 
and DCM were less common in patients with syncope and inducible VA, HCM and Brugada syndrome were 
found more frequently than in patients with a history of sustained VT or VF. CHF congestive heart failure, 
DCM dilated cardiomyopathy, HCM hypertrophic cardiomyopathy, VA ventricular arrhythmia, VF ventricular 
fibrillation, VT ventricular tachycardia.

Table 2.   Peri-procedural and in-hospital complications. Values are presented as n (%) or median (IQR). 
Variables were compared using the Fisher’s exact test or the Mann–Whitney U test. CI confidence interval, 
MACCE major adverse cardiac or cerebrovascular event, VA ventricular arrhythmia.

Variable Syncope and inducible VA (n = 285) Secondary preventive indication (n = 1885) p value Odds ratio (95%-CI)

Death 1 (0.4) 11 (0.6) 0.62 0.60 (0.08–4.66)

   For cardiac reasons 1 (100.0) 5 (45.5) 0.30 –

   Survival time, days 14 12 (5–22) 1 –

MACCE 1 (0.4) 11 (0.7) 1 0.54 (0.07–4.23)

Complication requiring intervention

   Pericardial effusion 0 (0) 3 (0.2) 1 –

   Hemothorax 0 (0) 3 (0.2) 1 –

   Pneumothorax 0 (0) 9 (0.5) 0.62 –

   Pocket hematoma 2 (0.7) 22 (1.2) 0.76 0.60 (0.14–2.56)

Complication not requiring intervention

   Pericardial effusion 1 (0.4) 1 (0.1) 0.27 6.01 (0.37–96.42)

   Hemothorax 0 (0) 1 (0.1) 1 –

   Pneumothorax 1 (0.4) 2 (0.1) 0.37 3.01 (0.27–33.27)

   Pocket hematoma 1 (0.4) 7 (0.4) 1 0.94 (0.12–7.70)

   Other 2 (0.8) 19 (1.2) 0.76 0.63 (0.15–2.71)
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syncope and inducible VA were treated less often with class III antiarrhythmic drugs (10.6% vs. 21.7%; p < 0.001) 
and digitalis (9.6% vs. 14.4%; p = 0.029) (Table 3).

Follow‑up.  During a median follow-up of 16.4 [IQR 12.8–24.3] months vs. 17.5 [IQR 13.3–25.0] months 
(p = 0.022), 1-year-mortality (5.1% vs. 8.9%; p = 0.036) and the rate of MACCE (5.8% vs. 10.0%; p = 0.027) were 
lower in patients with syncope and inducible VA compared to patients with a secondary preventive indication 
(Fig. 2a). Other events did not differ (Table 4). At 1-year-follow-up, digitalis (8.4% vs. 13.9%; p = 0.027), aldos-
terone antagonists (19.6% vs. 28.4%; p = 0.008) and diuretics (46.3% vs. 58.4%; p < 0.001) were applied less often 
in patients with a history of syncope and inducible VA, dronedarone (5.0% vs. 0.7%; p = 0.025), but not class III 
antiarrhythmic drugs in general (18.7% vs. 21.6%; p = 0.34), was applied more often (Table 3). Clinical outcomes 
during 1 year of follow-up of patients undergoing first-time defibrillator implantation are shown in Supplemen-
tary Table S2.

Table 3.   Medication of the study population. Values are presented as %. Variables were compared using the 
chi-square test. CI confidence interval, VA ventricular arrhythmia.

Variable

At discharge At 1-year-follow-up

Syncope and 
inducible VA 
(n = 285)

Secondary 
preventive 
indication 
(n = 1885) p value

Odds ratio (95%-
CI)

Syncope and 
inducible VA 
(n = 285)

Secondary 
preventive 
indication 
(n = 1885) p value Odds ratio (95%-CI)

Beta-receptor blocker 88.3 87.8 0.80 1.05 (0.71–1.55) 86.4 84.3 0.42 1.19 (0.78–1.81)

Class I antiarrhyth-
mic drug 2.1 1.5 0.47 1.39 (0.57–3.37) 3.7 1.8 0.071 2.09 (0.92–4.73)

Class III antiarrhyth-
mic drug 10.6 21.7  < 0.001 0.43 (0.29–0.64) 18.7 21.6 0.34 0.84 (0.58–1.21)

   Amiodarone 93.3 94.8 0.72 0.76 (0.17–3.41) 92.5 91.9 0.90 1.09 (0.31–3.81)

   Sotalol 0 5.4 0.19 – 2.5 7.4 0.25 0.32 (0.05–2.48)

   Dronedarone 0 0 – – 5.0 0.7 0.025 7.11 (0.97–51.94)

Digitalis 9.6 14.4 0.029 0.63 (0.42–0.96) 8.4 13.9 0.027 0.57 (0.34–0.94)

Anticoagulation 14.3 32.9 0.041 0.34 (0.11–1.00) 33.3 34.4 0.92 0.95 (0.39–2.33)

Platelet aggregation 
inhibitor 57.1 57.9 0.94 0.97 (0.45–2.11) 50.0 47.7 0.83 1.10 (0.47–2.55)

ACE inhibitor/AT1 
receptor antagonist 76.6 81.8 0.039 0.73 (0.54–0.99) 71.5 75.8 0.18 0.80 (0.58–1.11)

Aldosterone receptor 
antagonist 16.7 31.7  < 0.001 0.43 (0.31–0.60) 19.6 28.4 0.008 0.62 (0.43–0.88)

Diuretics 52.1 61.9 0.002 0.67 (0.52–0.86) 46.3 58.4  < 0.001 0.61 (0.46–0.82)

Statin 60.3 59.3 0.76 1.04 (0.81–1.34) 56.5 56.7 0.98 1.00 (0.74–1.33)

Figure 2.   Main endpoints during 1-year-follow-up. Main endpoints after device implantation or revision are 
shown for patients with syncope and inducible VA versus (a) patients with a history of sustained VT or VF and 
(b) patients with inducible VA without syncope. Patients with previous syncope and inducible VA had lower 
rates of 1-year-mortality and MACCE than patients with a history of sustained VT or VF, but similar rates 
compared to patients undergoing defibrillator implantation for inducible VA without previous syncope. MACCE 
major adverse cardiac or cerebrovascular event, VA ventricular arrhythmia, VF ventricular fibrillation, VT 
ventricular tachycardia.
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Patients with inducible VA.  In an additional analysis of patients with inducible VA, defined as inducible 
sustained monomorphic ventricular tachycardia or ventricular fibrillation during PVS, 257 (6.2%) patients with 
a history of at least one syncope were compared to 86 (2.1%) without previous syncope, who underwent PVS 
mainly for diagnostic evaluation after remote myocardial infarction with symptoms such as palpitations sugges-
tive of VA. Patients with syncope presented less often with coronary artery disease (56.4% vs. 70.9%; p = 0.017) 
and prior myocardial infarction (33.1% vs. 46.5%; p = 0.025) than those without syncope (Table 5).

Of all procedures, 76.4% were first-time implants, with a higher percentage in the cohort of patients with 
syncope (79.3% vs. 68.6%; p = 0.043). In patients who were included for device revision, the first implantation 
was conducted 5 years [IQR 4–7] before study enrollment in both groups (p = 0.44). Previous implants in patients 
with vs. without syncope were mainly ICDs without (27.2% vs. 33.7%; p = 0.25) or with CRT (0.4% vs. 3.5%; 
p = 0.020). Pacemakers were implanted in 4.3% and 3.5% of patients, respectively (p = 0.25).

The choice of the firstly implanted or revised device did not differ between groups, with an ICD without and 
with CRT implanted in 89.5% vs. 86.0% and 10.5% vs. 14.0% of patients (p = 0.38), respectively. Single-chamber 
ICDs were chosen in 55.7% vs. 48.8% (p = 0.51), dual-chamber ICDs in 44.7% vs. 37.2% (p = 0.22). Rates of revi-
sion of the implanted or replaced defibrillator (1.7% vs. 1.2%; p = 0.78) and complications (2.4% vs. 1.2%; p = 0.68) 
during hospital stay did not differ between groups.

During a median follow-up of 15.0 months [IQR 12.8–18.5] vs. 17.7 months [IQR 13.4–22.8] (p = 0.004), there 
were no differences between the cohorts in terms of 1-year-mortality (4.6% vs. 2.8%; p = 0.51), MACCE (6.0% vs. 
2.8%; p = 0.29), recurrent syncope (3.0% vs. 0%; p = 0.32), ventricular tachycardia storm (1.7% vs. 0%; p = 0.31), 
ICD shocks (16.0% vs. 15.0%; p = 0.85), rehospitalization (27.6% vs. 21.7%; p = 0.37) and improvement in quality 
of life (44.0% vs. 47.5%; p = 0.64) (Fig. 2b), but the feeling of safety during treatment was higher among those with 
syncope (100.0% vs. 81.8%; p = 0.004). Demographic data and outcomes of patients with inducible VA with vs. 
without syncope undergoing first-time defibrillator implantation are shown in Supplementary Tables S3 and S4.

Systematic literature review on patients with syncope and inducible VA.  In addition to our here 
presented findings and to put them in relation to previously published reports, we performed a systematic litera-
ture review on prospective studies including patients with previous syncope and inducible VA (Supplementary 
Table S5). The initial literature search resulted in 73 studies, of which 17 were found to be prospective and there-
fore eligible for systematic analysis. In summary, besides one registry investigating the context in which PVS is 
used in ICD recipients, that also included patients with previous syncope and inducible ventricular tachycardia 
but did not focus on these patients in detail9, our here presented study is—to the best of our knowledge—the 
largest prospective one analyzing patients with previous syncope and inducible VA. Other prospective reports 
focused on methods including an abnormal signal-averaged electrocardiogram to predict VA inducibility and 
assessed the value of PVS in different subgroups of patients with syncope. Our conducted review of classes of 
recommendations and levels of evidence for ICD implantation in this patient population according to interna-

Table 4.   Post-procedural adverse events during 1 year of follow-up. Values are presented as % or median 
(IQR). Variables were compared using the chi-square or the Mann–Whitney U test. a Kaplan-Meier estimates 
at 366 days after index discharge, compared by log-rank test (hazard ratio). CI confidence interval, ICD 
implantable cardioverter-defibrillator, MACCE major adverse cardiac or cerebrovascular event, VA ventricular 
arrhythmia, VT ventricular tachycardia.

Variable
Syncope and inducible VA 
(n = 285)

Secondary preventive 
indication (n = 1,885) p value Odds/hazard ratio (95%-CI)

1-year-mortalitya 5.1 8.9 0.036 0.56 (0.33–0.97)

   Survival time, months 11.0 (4.1–19.0) 16.6 (13.0–22.3) 0.86 –

MACCE 5.8 10.0 0.027 0.56 (0.33–0.94)

Cardiopulmonary resuscita-
tion 0 0.9 0.15 –

Syncope 4.8 6.1 0.53 0.77 (0.34–1.73)

ICD shock 18.6 23.0 0.14 0.76 (0.53–1.09)

VT storm / incessant VT 2.4 2.3 0.71 1.18 (0.49–2.87)

Ablation procedure 7.4 5.2 0.33 1.46 (0.68–3.14)

Myocardial infarction 1.4 1.1 0.67 1.31 (0.37–4.60)

Stroke 0 1.2 0.11 –

Revascularization 3.1 3.3 0.90 0.93 (0.32–2.70)

Device revision 6.3 9.4 0.14 0.65 (0.37–1.15)

Rehospitalization 36.9 41.4 0.21 0.83 (0.61–1.11)

   For device-related reasons 15.7 16.4 0.77 0.94 (0.64–1.40)

   For other cardiac reasons 8.3 10.7 0.29 0.76 (0.45–1.27)

Number of hospitalizations 1 (1–2) 1 (1–2) 0.26 –

Duration of hospitalization, 
days 9 (4–21) 9 (5–19) 0.88 –
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tional guidelines2,7,8 further underlines that previously available evidence is heterogeneous, partly controversial, 
and data are still somehow limited to mainly single-center and retrospective studies (Supplementary Table S6).

Discussion
The main findings of the present study are as follows: Patients with syncope and inducible VA undergoing 
implantation of an ICD with or without CRT, who only represent a small part of all patients undergoing device 
implantation, (1) present less often with most cardiac comorbidities and (2) have lower rates of 1-year-mortality 
and MACCE than patients with a secondary preventive indication, and (3) have similar rates of post-procedural 
adverse events compared to patients undergoing defibrillator implantation for inducible VA without previous 
syncope (Fig. 3).

Patient characteristics and post‑procedural adverse events.  Multiple cardiovascular risk factors 
may be associated with the occurrence of syncope in the general population and more specifically, in patients 
with congestive heart failure10–12. Especially patients with recurrent syncope have been found to be more likely 
to present with coronary artery disease, prior diagnosis of arrhythmia and electrocardiogram abnormalities13. 
However, pathophysiology as well as related clinical features vary among different populations and may not be 
consistently based on a cardiovascular risk profile making evaluation of patients with syncope challenging5,14. 
In the here presented study reporting data from a prospective, multi-center registry, patients with a history of 
syncope presented less often with any structural heart disease than those with a secondary preventive indication 
suggesting that heterogeneous rather than solely cardiac reasons contribute to the development of syncope. Still, 
patients with syncope more frequently presented with hypertrophic cardiomyopathy and Brugada syndrome, 
which are both known to predispose the occurrence of syncope resulting in a prevalence of up to 30%15,16.

The prognosis of a syncope differs depending on its etiology, with 1-year-mortality ranging from 0% for vas-
ovagal events up to 30% in the presence of heart disease17. In patients undergoing ICD implantation for primary 
prevention of SCD, those with a history of syncope have been reported to be at higher risk for VA, appropriate 
shocks and antitachycardia pacing therapies compared to those without previous syncope17. Our findings now 
help to clarify that patients undergoing defibrillator implantation for a history of syncope and inducible VA have 
lower rates of 1-year-mortality and MACCE than patients with a secondary preventive indication. This might be 
mainly explained by fewer cardiac comorbidities as the number of serious adverse events in patients undergoing 

Table 5.   Baseline characteristics of patients with inducible VA. Values are presented as mean ± SD, median 
(IQR) or n (%). Variables were compared using the Mann–Whitney U test or the chi-square test, respectively. 
ARVC arrhythmogenic right ventricular cardiomyopathy, CI confidence interval, LBBB left bundle branch 
block, LVEF left ventricular ejection fraction, RBBB right bundle branch block, VA ventricular arrhythmia.

Variable Syncope and inducible VA (n = 257) Inducible VA without syncope (n = 86) p value Odds ratio (95%-CI)

Age, years 65.1 ± 14.6 65.5 ± 12.2 0.72 –

Male sex 209 (81.3) 74 (86.0) 0.32 0.71 (0.36–1.40)

LVEF, % 43.7 ± 14.5 39.9 ± 15.4 0.059 –

Sinus rhythm at baseline 204 (79.4) 76 (88.4) 0.062 0.51 (0.25–1.05)

Atrial fibrillation at baseline 40 (15.6) 8 (9.3) 0.15 1.80 (0.81–4.01)

Atrioventricular block 54 (21.0) 17 (19.8) 0.81 1.08 (0.59–1.99)

Intraventricular conduction disorder 76 (29.6) 31 (36.0) 0.26 0.74 (0.44–1.25)

   LBBB 47 (18.3) 15 (17.4) 0.86 1.06 (0.56–2.01)

   RBBB 9 (3.5) 6 (7.0) 0.17 0.48 (0.17–1.40)

Coronary artery disease 145 (56.4) 61 (70.9) 0.017 0.53 (0.31–0.90)

Prior myocardial infarction 85 (33.1) 40 (46.5) 0.025 0.57 (0.35–0.93)

Coronary artery bypass graft 32 (12.5) 16 (18.6) 0.15 0.62 (0.32–1.20)

Cardiomyopathy 57 (22.2) 11 (12.8) 0.059 1.94 (0.97–3.90)

   Dilated cardiomyopathy 41 (16.0) 10 (11.6) 0.33 1.44 (0.69–3.02)

   Hypertrophic cardiomyopathy 16 (6.2) 1 (1.2) 0.062 5.64 (0.74–43.20)

Hypertensive heart disease 17 (6.6) 5 (5.8) 0.79 1.15 (0.41–3.21)

Primary electrical disease 14 (5.4) 3 (3.5) 0.47 1.59 (0.45–5.68)

   Brugada syndrome 6 (2.3) 0 (0) 0.15 –

   Long QT 2 (0.8) 0 (0) 0.41 –

   ARVC 2 (0.8) 2 (2.3) 0.25 0.33 (0.05–2.37)

Arterial hypertension 138 (53.7) 46 (53.5) 0.97 1.01 (0.62–1.65)

Diabetes mellitus 46 (17.9) 16 (18.6) 0.88 0.95 (0.51–1.79)

Stroke 6 (2.3) 4 (4.7) 0.27 0.49 (0.13–1.78)

Chronic obstructive pulmonary disease 1 (0.4) 1 (1.2) 0.41 0.33 (0.02–5.37)

Chronic kidney disease 29 (11.3) 12 (14.0) 0.51 0.78 (0.38–1.61)
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secondary preventive defibrillator implantation has been reported to vary depending on the underlying cardiac 
diagnosis with patients with ischemic or dilated cardiomyopathy, which are both present in the majority of the 
here enrolled patients with a secondary preventive indication, being at higher risk for ICD therapies than those 
with hypertrophic cardiomyopathy or channelopathies18,19. However, similar rates of ICD shocks, rehospitaliza-
tions and electrical storm during follow-up support the indication for defibrillator implantation in patients with 
syncope and inducible VA.

As opposed to a previous report20, the recurrence rate of syncope was low, whereas patients had a relatively 
high probability of receiving ICD shocks. This might be due to rapid delivery of effective therapies resulting in 
prevention of recurrent syncope. Whereas in recent years, long detection times are usually recommended to 
decrease the number of ICD therapies21,22, in selected patients, e.g., those at high risk for syncope, it might be 
reasonable to rather use conventional programming. Another reason for the low recurrence rate might be that it 
has been found to increase with the number of previously experienced episodes14. Antitachycardia pacing might 
have further not only affected the number of experienced syncopes, but also patient-reported outcomes during 
follow-up. Consequently, one might speculate that different patient and defibrillator programming characteristics 
might have led to fewer post-procedural adverse events in patients with syncope than previously described11,17–19. 
However, this was beyond the scope of the present study and the incidence of appropriate ICD shocks still needs 
to be determined in this cohort of patients.

Importance of ventricular arrhythmia inducibility.  Inducible VA have been shown to identify patients 
with coronary artery disease at increased risk for overall and arrhythmia-related death, especially if left ventricu-
lar ejection fraction is ≥ 30%23. In contrast, PVS might play a minor role for non-ischemic cardiomyopathy due 
to low inducibility, low reproducibility and low predictive value of induced VA5 underlining that the recommen-
dations for the indication of PVS are based on limited evidence as it still holds true2.

Among patients introducing with syncope, the presence of structural heart disease with reduced left ventricu-
lar ejection fraction or VA inducibility during PVS is highly suggestive that syncope is related to VA and that 
ICD implantation can be useful in these patients regardless of the timing of past revascularization5. Our findings 
including patients from a prospective, multi-center database now emphasize the relevance of VA inducibility, 
irrespective of the history of syncope. Despite less frequently found ischemic cardiomyopathy in patients with 
than without syncope and inducible VA, ICD shocks (16.0% vs. 15.0%) and rehospitalization (27.6% vs. 21.7%) 
were present in a comparable number of patients during follow-up, without any differences in the rate of 1-year-
mortality and MACCE between both groups. Low rates of SCD and recurrent syncope are concomitant with a 
high positive predictive value supporting the use of defibrillators in patients with inducible VA5. Consequently, 
patients with inducible VA, who are not well represented in trials so far but may be at risk to be underdiagnosed 
due to fewer cardiac comorbidities, experience a relevant number of post-procedural adverse events not dif-
fering between those with vs. without syncope, which supports the indication for defibrillator implantation 
in this population. Besides one registry investigating the context in which PVS is used in ICD recipients, that 

Figure 3.   Central illustration. Patients with syncope and inducible VA undergoing defibrillator implantation 
present less often with most cardiac comorbidities and have lower rates of 1-year-mortality and MACCE than 
patients with a history of sustained VT or VF. Rates of 1-year-mortality and MACCE are comparable in patients 
with inducible VA with versus without syncope. CHF congestive heart failure, DCM dilated cardiomyopathy, 
HCM hypertrophic cardiomyopathy, MACCE major adverse cardiac or cerebrovascular event, VA ventricular 
arrhythmia, VF ventricular fibrillation, VT ventricular tachycardia.



9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:12182  | https://doi.org/10.1038/s41598-023-37440-2

www.nature.com/scientificreports/

also included patients with previous syncope and inducible ventricular tachycardia but did not focus on these 
patients in detail9, our here presented study is—to the best of our knowledge—the largest prospective one 
reporting demographics, data on device implantation and post-procedural adverse events during the first time 
period after ICD implantation in this patient population. As it is further one of only a few multi-center studies 
and consists of a large group of patients with different underlying structural heart diseases, our study enables 
insights into a more representative patient sample, increases generalizability of findings and helps to put this 
relatively rare patient population in relation to a well-studied control group. Importantly, so far, literature and 
guidelines are heterogeneous, partly controversial2,7,8, and data are still somehow limited to mainly single-center 
and retrospective studies consisting of only relatively small numbers of patients with syncope and inducible VA 
(Supplementary Tables S5 and S6)24. Since decision making is relevant in clinical practice, our here presented 
data appear ethically warranted as a piece of a challenging and incomplete puzzle contributing to a better under-
standing of this rarely described population.

Study limitations.  The present study has some limitations. In a registry-based cohort, potential confound-
ing factors and a reporting bias have to be considered, as follow-up was only centralized at 1 year post-implan-
tation and performed during clinical routine before. Device implantations and post-procedure care were left 
to each participating center and are therefore heterogeneous in nature. The follow-up was limited to 1  year 
after ICD implantation. However, our study aimed to concentrate on post-procedural events during the first 
time period after ICD implantation, which has only been rarely described, paving the way for subsequent trials 
including a long-term follow-up. Whether our here presented findings are transferable to a long-term follow-
up remains speculative but is supported by the landmark MUSTT data3, reporting that non-inducible patients 
have a significantly lower risk of cardiac arrest or sudden death as well as mortality compared with inducible 
patients both in the short- and long-term. This observation might underline the value of the here presented 
differences in post-procedural endpoints that are already identifiable after 1 year of follow-up in patients with 
previous syncope and inducible VA. Considering the investigated patients, e.g., those after myocardial infarc-
tion with reduced left ventricular ejection fraction and unexplained syncope after non-invasive evaluation, who 
have inducible VA during PVS, a potential overlap with primary prevention ICD indication cannot be excluded. 
Another limitation is that patient inclusion was between 2007 and 2010 which may challenge interpretation 
concerning today’s treatment. Heart failure medication has changed since then and programming of ICDs has 
become much less aggressive (higher VA detection rates, longer detection duration). However, the here investi-
gated study cohort corresponds to the currently available guidelines still representing a small part of all patients 
undergoing ICD implantation, which underlines the clinical relevance of the presented data even after develop-
ment of heart failure medication and ICD programming. In the future with the updated ESC guideline recom-
mendation, patients not being inducible during PVS might serve as a valuable control group but have not been 
included in the here investigated registry. Nonetheless, the German Device Registry enables insights into a large, 
prospective real-world cohort undergoing defibrillator implantation for syncope and inducible VA, which has 
not been described before.

Conclusion
Patients with syncope and inducible VA undergoing defibrillator implantation, who only represent a small part 
of all patients undergoing device implantation, present less often with most cardiac comorbidities and have 
lower rates of 1-year-mortality and MACCE than patients with a secondary preventive indication. Numbers of 
post-procedural adverse events are comparable in patients with inducible VA with vs. without syncope, which 
underlines the relevance of VA inducibility, potentially irrespective of the history of syncope.

Data availability
The underlying data are available from the corresponding author upon reasonable request.

Received: 17 January 2023; Accepted: 21 June 2023

References
	 1.	 Moss, A. J. et al. Prophylactic implantation of a defibrillator in patients with myocardial infarction and reduced ejection fraction. 

N. Engl. J. Med. 346, 877–883 (2002).
	 2.	 Zeppenfeld, K. et al. 2022 ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of 

sudden cardiac death. Eur. Heart J. 43, 3997–4126 (2022).
	 3.	 Buxton, A. E. et al. Electrophysiologic testing to identify patients with coronary artery disease who are at risk for sudden death. 

Multicenter Unsustained Tachycardia Trial Investigators. N. Engl. J. Med. 342, 1937–1945 (2000).
	 4.	 Brignole, M. et al. 2018 ESC Guidelines for the diagnosis and management of syncope. Eur. Heart J. 39, 1883–1948 (2018).
	 5.	 Kusumoto, F. M. et al. HRS/ACC/AHA expert consensus statement on the use of implantable cardioverter-defibrillator therapy 

in patients who are not included or not well represented in clinical trials. J. Am. Coll. Cardiol. 64, 1143–1177 (2014).
	 6.	 Frommeyer, G. et al. Implantable cardioverter defibrillators in patients with electrical heart disease and hypertrophic cardiomyo-

pathy: Data from the German device registry. Clin. Res. Cardiol. 109, 508–512 (2020).
	 7.	 Al-Khatib, S. M. et al. 2017 AHA/ACC/HRS guideline for management of patients with ventricular arrhythmias and the prevention 

of sudden cardiac death: A report of the american college of cardiology/american heart association task force on clinical practice 
guidelines and the heart rhythm society. Heart Rhythm 15, e73–e189 (2018).

	 8.	 Bennett, M. et al. Canadian cardiovascular society/Canadian heart rhythm society 2016 implantable cardioverter-defibrillator 
guidelines. Can. J. Cardiol. 33, 174–188 (2017).

	 9.	 Cheng, A. et al. Electrophysiology studies in patients undergoing ICD implantation: findings from the NCDR®. Pacing Clin. Elec-
trophysiol. 35, 912–918 (2012).



10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:12182  | https://doi.org/10.1038/s41598-023-37440-2

www.nature.com/scientificreports/

	10.	 Olshansky, B. et al. Syncope predicts the outcome of cardiomyopathy patients: Analysis of the SCD-HeFT study. J. Am. Coll. Cardiol. 
51, 1277–1282 (2008).

	11.	 Ruwald, M. H. et al. Incidence and influence of hospitalization for recurrent syncope and its effect on short- and long-term all-
cause and cardiovascular mortality. Am. J. Cardiol. 113, 1744–1750 (2014).

	12.	 Ruwald, M. H. et al. Comparison of incidence, predictors, and the impact of co-morbidity and polypharmacy on the risk of recur-
rent syncope in patients <85 versus ≥85 years of age. Am. J. Cardiol. 112, 1610–1615 (2013).

	13.	 Chang, A. M. et al. Recurrent syncope is not an independent risk predictor for future syncopal events or adverse outcomes. Am. 
J. Emerg. Med. 37, 869–872 (2019).

	14.	 Zimmermann, T. et al. Incidence, characteristics, determinants, and prognostic impact of recurrent syncope. Europace 22, 1885–
1895 (2020).

	15.	 Sacher, F. et al. Syncope in Brugada syndrome patients: Prevalence, characteristics, and outcome. Heart Rhythm 9, 1272–1279 
(2012).

	16.	 O’Mahony, C. et al. A novel clinical risk prediction model for sudden cardiac death in hypertrophic cardiomyopathy (HCM risk-
SCD). Eur. Heart J. 35, 2010–2020 (2014).

	17.	 Goldenberg, G. et al. Syncope in primary prevention implantable cardioverter defibrillator implantation. Isr. Med. Assoc. J. 19, 
15–18 (2017).

	18.	 Schaer, B., Kühne, M., Reichlin, T., Osswald, S. & Sticherling, C. Incidence of and predictors for appropriate implantable cardio-
verter-defibrillator therapy in patients with a secondary preventive implantable cardioverter-defibrillator indication. Europace 18, 
227–231 (2016).

	19.	 Ruwald, M. H. et al. Temporal incidence of appropriate and inappropriate therapy and mortality in secondary prevention ICD 
patients by cardiac diagnosis. J. Am. Coll. Cardiol. EP. 7, 781–792 (2021).

	20.	 Link, M. S. et al. High incidence of appropriate implantable cardioverter-defibrillator therapy in patients with syncope of unknown 
etiology and inducible ventricular arrhythmias. J. Am. Coll. Cardiol. 29, 370–375 (1997).

	21.	 Tan, V. H., Wilton, S. B., Kuriachan, V., Sumner, G. L. & Exner, D. V. Impact of programming strategies aimed at reducing non-
essential implantable cardioverter defibrillator therapies on mortality: A systematic review and meta-analysis. Circ. Arrhythm 
Electrophysiol. 7, 164–170 (2014).

	22.	 Kahle, A. K. et al. Management of ventricular tachycardia in patients with ischaemic cardiomyopathy: Contemporary armamen-
tarium. EP Europace. 24, 538–551 (2022).

	23.	 Buxton, A. E. et al. Relation of ejection fraction and inducible ventricular tachycardia to mode of death in patients with coronary 
artery disease: An analysis of patients enrolled in the multicenter unsustained tachycardia trial. Circulation 106, 2466–2472 (2002).

	24.	 Katritsis, D. G., Zografos, T. & Hindricks, G. Electrophysiology testing for risk stratification of patients with ischaemic cardio-
myopathy: A call for action. Europace 20, f148–f152 (2018).

Author contributions
Conceptualization: A.K.K., J.S. and C.M.; data acquisition: J.S. and M.H.; data analysis: M.H.; data interpreta-
tion: A.K.K., J.S. and C.M.; funding acquisition: J.S.; project administration: J.S. and C.M.; supervision: J.S. and 
C.M.; visualization: A.K.K.; writing - original draft: A.K.K.; writing - review and editing, A.K.K., J.S., M.H., J.B., 
D.T., F.S., K.B., R.L., N.W., C.B., F.A.A. and C.M. All authors have read and agreed to the published version of 
the manuscript.

Funding
The German Device Registry is financed by the "Stiftung Institut für Herzinfarktforschung" (IHF, Ludwigshafen, 
Germany).

Competing interests 
A.K.K. has received a travel grant from Abbott; D.T. reports receiving lecture fees/honoraria from Astra Zeneca, 
Bayer Vital, Boehringer Ingelheim Pharma, Bristol-Myers Squibb, Daiichi Sankyo, Medtronic, Pfizer Pharma, 
Sanofi-Aventis, Abbott/St. Jude Medical and ZOLL CMS; F.S. received honoraria for lectures from Medtronic, 
Boston Scientific, Philips, Bristol-Myers-Squibb, and Astra Zeneca outside the submitted work; F.A.A. has 
received research and travel grants from Boston Scientific and travel grants from Bayer Pharmaceuticals; C.M. 
has received fees as speaker and for participating in advisory boards from Abbott, Biosense Webster, Biotronik 
and Boston Scientific. The other authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​37440-2.

Correspondence and requests for materials should be addressed to C.M.

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 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted 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 licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-37440-2
https://doi.org/10.1038/s41598-023-37440-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Cardiac defibrillator implantation in patients with syncope and inducible ventricular arrhythmia: insights from the German Device Registry
	Methods
	Recruitment and study design. 
	Follow-up. 
	Systematic literature review. 
	Statistical analysis. 

	Results
	Study population. 
	Implantation procedure. 
	Follow-up. 
	Patients with inducible VA. 
	Systematic literature review on patients with syncope and inducible VA. 

	Discussion
	Patient characteristics and post-procedural adverse events. 
	Importance of ventricular arrhythmia inducibility. 
	Study limitations. 

	Conclusion
	References


