
Abstract  
Life-threatening ventricular arrhythmias (VA) may occur in 

patients with unknown cardiac disease. A sizable part of them 
remains labeled as idiopathic VA and limited data is available 

regarding their natural history. Our aim was to evaluate the long-
term clinical outcomes of survivors of an idiopathic life-threatening 
VA. Patients who survived an idiopathic life-threatening VA 
referred to an ICD were included and followed for a median follow-
up of 7 years. Clinical and device data were collected and a compar-
ison between genders was made. A total of 29 patients, 41% female, 
mean age of 50 (19) years were studied; all were implanted with an 
ICD at index hospitalization. At follow-up, an etiological diagnosis 
was established in 38% of patients. Genetic testing improved the 
diagnosis and allowed the identification of a distinct clinical entity 
in 60% of patients (p=0.04, OR=7.0), especially in women. 
Regarding ICD data, 31% received appropriate therapies with a 
median time to the first appropriate shock of 39 months (IQR 12-46 
months). Men had a significantly higher prevalence of appropriated 
shocks (50% vs 8%, p=0.04), with a similar time to the first arrhyth-
mic event between genders. Two of the patients died, both from 
non-arrhythmic causes. Etiologic diagnosis and recurrence predic-
tion in patients with idiopathic VA is challenging, even with long-
term follow-up and sophisticated diagnostic evaluation. Genetic 
testing significantly improved the diagnostic yield, especially in 
women. Arrhythmia recurrence occurred in about one-third of 
patients and is significantly higher in men, underscoring the impor-
tance of ICD implantation. 

 
 

Introduction 
Sudden cardiac death (SCD) represents a major public health 

problem, accounting for approximately 50% of all cardiovascular 
deaths. Noteworthy, a significant amount of them are the first man-
ifestation of cardiac disease [1-3]. Ischemic heart disease remains 
the most common underlying substrate associated with SCD, 
although this incidence appears to be decreasing [4]. Despite 
uncommon events in the absence of structural heart disease, life-
threatening ventricular arrhythmias (VA) may occur in patients 
without evidence of cardiac disease, a sizable part of them classified 
as idiopathic VA [2,5]. Combining clinical assessment with up-to-
date diagnostic tools such as genetic testing (GT) can provide a spe-
cific diagnosis in 13% to 60% of younger SCD survivors 6. Still, a 
significant and heterogeneous group of patients remains labelled as 
Idiopathic VA and limited data is available regarding their natural 
history. In these patients, an ICD is strongly recommended if mean-
ingful survival greater than 1 year is expected [2,5]. For patients 
with recurrent episodes of idiopathic VA triggered by short coupled 
ventricular premature beats with a consistent QRS morphology, 
ablation is useful and should be considered [2,7]. 

The aim of this study was to evaluate the long-term clinical 
and device outcomes of survivors of an aborted SCD due to idio-
pathic ventricular fibrillation (VF) or pulseless ventricular tachy-
cardia (pVT). 
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Materials and Methods 
Study population 

The present study included a sample of consecutive patients 
from January 2005 to April 2019 who survived a SCD caused by 
idiopathic VA (VF or pVT) referred to ICD implantation at Centro 
Hospitalar Universitário São João, a tertiary center in Porto, 
Portugal. Patients who did not implanted ICD were excluded. 
Clinical data, as well as the results of different ancillary tools (name-
ly, blood test, electrocardiogram, echocardiogram, cardiac catheteri-
zation, etc.), were collected at presentation. Follow-up, including 
ICD data, were retrospectively collected and analyzed from physical 
and digital records, including data from other health institutions. 
Were considered as baseline ECG the first exam available in patient-
record (usually at hospital or emergency department admission). 
Most ECGs in our institution were electronically recorded and all the 
exams were assessed and reviewed by cardiologists. All patients 
were followed in a specialized cardiac implantable electronic 
devices (CIED) consultation at least one day, one week and 3 
months after implantation; after 3 months, most of the patients were 
followed each 6 months. Most of the CIED records were on paper 
and all data were reviewed by cardiologists. Idiopathic VA was con-
sidered when no evidence of underlying structural or electrical heart 
disease were found after a comprehensive evaluation during index 
hospitalization. The diagnostic process was undertaken by and at the 
discretion of the medical staff, but three investigators reviewed med-
ical reports to ensure that appropriate diagnostic criteria were used. 
Before cases were labeled as idiopathic VA, all investigations per-
formed or planned during the index hospitalization were consid-
ered.GT was not considered a baseline assessment since their results 
are only acknowledged several weeks later and do not alter the initial 
diagnosis and management; its impact on further redefining diagno-
sis during follow-up was explored. This study was approved by the 
Institutional Ethics Committee.  

 
Statistical analysis 

Data are presented as mean (SD) or median (IQR) for contin-
uous variables and as percentages for categorical variables. One-
sample Kolmogorov-Smirnov test was performed to evaluate nor-
mal distribution. Categorical variables were compared using 
Fisher's exact test; odds ratios (OR) are presented when considered 
relevant. Continuous parametric variables were compared using t-
test and non-parametric variables using Mann-Whitney U test. 
Differences were considered statistically significant when p-value 
<0.05. Statistical analysis was performed in IBM SPSS Statistics 
version 25.  

Results 
A group of 29 survivors of aborted SCD due to VA were includ-

ed and followed with a median follow-up of 7 years (5-12 years). 
Patient characteristics are summarized in Table 1. The mean age at 
index was 50 (19) year-old and 41% of the patients were female. Of 
all patients implanted with an ICD at the index hospitalization, most 
received a transvenous ICD device (71% a single chamber transve-
nous ICD, 25% a dual chamber transvenous ICD) and 1 patient 
received a subcutaneous ICD. Regarding index arrhythmic event, 
initial rhythm was VF in 76% and pVT in 24%. Cardiac arrest 
occurred during daily life activities in 15 patients (52%), after emo-
tional stress in 4 (14%), during efforts, in rest and asleep in 2 patients 
each (7%); the SCD context was unknown in 4 patients (14%). 
Baseline ECG was normal in 74%; in the remaining, atrial fibrilla-
tion was the most frequent finding, 2 patients presented complete 
right bundle branch block (RBBB), 1 patient incomplete RBBB and 
1 patient 1st degree Mobitz I atrioventricular block. To exclude pos-
sible VA causes, all patients were submitted to coronary angiography 
and echocardiogram; neither patient had coronary artery disease nor 
structural heart disease (all presented preserved biventricular sys-
tolic function with normal ventricular volumes). As adjunctive, 68% 
performed a cardiac magnetic resonance, 20% an electrophysiologic 
study, 12% a pharmacological provocative test with flecainide or 
ajmaline and 4% were submitted to endomyocardial biopsy. GT to 
inherited channelopathies or cardiomyopathies were performed as 
ancillary diagnostic test in 35% of the cases. During follow-up, an 
etiological diagnosis was established in 38% of patients (Figure 1): 
3 events were attributed to coronary vasospasm, 3 to SC polymor-
phic VT, 2 presented long QT syndrome, 2 had Brugada syndrome 
and in 1 patient an Ankyrin-B Syndrome was identified. GT was per-
formed in 10 patients and allowed identification of a causative muta-
tion in 6; GT improved the diagnostic probability of a distinct clini-
cal entity during follow-up [diagnosis achieved in 60% if GT per-
formed vs 18% if not, p=0.04, OR=7.0 (95% CI 1.2-41.4); Figure 2]. 
Regarding ICD data, 31% received appropriate therapies during fol-
low-up; the median time to first appropriate shock was 39 months 
(12-46) with an annual incidence rate of 4.5%. Unappropriated 
shocks occurred in 19%, 60% due to sinus tachycardia (3 patients 
with median age of 20 years) and 40% due to supraventricular tachy-
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Table 1. Patients’ characteristics. 
 
N                                                                                   29 
Age                                                                   50 (19) years-old 
Female                                                                        41% 
Hypertension                                                              38% 
Diabetes                                                                       7% 
Dyslipidemia                                                              21% 
Smoker or previous smoker                                       21% 
Prior kidney disease                                                   3% 
Atrial fibrillation                                                        14%

Figure 1. Definitive diagnosis established during follow-up of 
idiopathic VA patients.
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cardia; ICD was programmed, with no unappropriated shocks recur-
rence. Two of the patients (7%) died, both from non-arrhythmic 
causes. Table 2 compares data between men and women. 
Concerning sex differences, there was no statistical difference in 
patient’s age, follow-up time and time free from appropriate shocks. 
During follow-up, the etiological diagnosis was similarly achieved. 
Although performed at an identical rate, GT only significantly 
improved the diagnosis in women (diagnosis established in all 
women performing GT during follow-up, p=0.002; Figure 2). Men 
had significantly more appropriate shocks (50% vs 8%, p=0.04). 

 
 

Discussion  
Idiopathic VA remains nowadays a challenging entity and a con-

siderable heterogeneity in initial diagnostic workup in survivors of 
unexplained SCD persists among different heart centers.  

Our study included patients labelled as idiopathic VA and 
showed that a distinct clinical entity was identified in approximately 

one third of idiopathic VA cases after an extensive workup and long-
term follow-up. Regarding GT, we demonstrated that a definitive 
diagnosis of SCD etiology was possible in 60% of patients perform-
ing GT (vs 18% of patients not submitted to that testing). A lower 
diagnostic ability was already reported in a real-world report by the 
Paris-SDEC registry, with a definitive diagnosis during follow-up 
obtained in only 6% [8]. This difference may be explained by a 
longer follow-up (7 vs 4 years) and a higher genetic screening (35% 
vs 18%) carried out in our study [8]. Indeed, other publications con-
firmed that addition GT to non-invasive assessment led to the diag-
nosis in 40% and 56% of unexplained aborted SCD [6,9]. Although 
current guidelines underline the importance of a comprehensive 
workup before labelling cases as idiopathic VA, no standardized test-
ing set is recommended for such patients [2,5]. This led to underus-
ing some key investigation tools, as observed in our paper and other 
reports [8,10], showing an exhaustive diagnostic assessment 
achieved in less than 20% of patients.  

SC polymorphic VT or SC torsade de pointes is a polymorphic 
VT variant initiated by an extremely SC premature ventricular con-
traction (<300 ms) arising frequently from peripheral His-Purkinje 
system 2. Previously considered a rare variant of idiopathic VT, this 
variant was observed in up to 30% of idiopathic VF [10-12]. Our 
study emphasizes the hypothesis of this pathology as a major trigger 
in this group of patients since SC polymorphic VT was one of the 
most frequent diagnoses at follow-up (27% of cases). 

Regarding patient’s follow-up, one-third experienced arrhyth-
mic recurrence after a median time of 39 months; these results are in 
accordance with previous data [5,8,13,14] and additionally under-
score the importance of maintaining regular specialized clinical and 
device assessment.  

Sex differences in cardiac arrhythmic diseases have been studied 
and described, with an essential role associated with sex hormone 
modulation and ion channel expression [15]. A recent report in idio-
pathic VF patients showed that Purkinje ectopy originates predomi-
nately from the right ventricle in men and predominantly from the 
left ventricle or from both ventricles in women [15,16]. In our 
cohort, GT proved to be more useful in women. Despite a similar 
time to the first appropriate shock in both genders, men had more 
appropriate shocks. The association of male sex and arrhythmic risk 
was already identified in other cardiac diseases, namely Brugada 
syndrome and ischemic heart disease [15,17]. 

                 Article

Table 2. Sex differences in baseline and follow-up data. 

                                                                                                              Women                             Men                             p-value 

N                                                                                                                         12 (41%)                             17 (59%)                                      
Age, years, mean (SD)                                                                                         52 (17)                                41 (19)                                  0.11 
Follow-up time, years, median (IQR)                                                                 6 (3-11)                               8 (5-12)                                  0.42 
Time to first appropriated shock, months, median (IQR)                                37 (37-37)                           41 (10-46)                                0.75 
Normal ECG                                                                                                        6 (50%)                              14 (82%)                                 0.37 
ICD type                                                                                                                                                                                                          0.05 
  Single chamber transvenous                                                                             6 (50%)                              14 (87%)                                      
  Dual chamber transvenous                                                                                5 (42%)                               2 (13%)                                       
  Subcutaneous                                                                                                     1 (8%)                                    0%                                           
Etiological diagnosis during follow-up                                                              4 (33%)                               7 (41%)                                  0.72 
Genetic testing                                                                                                     4 (33%)                               6 (40%)                                  1.00 
Etiological diagnosis in patients performing genetic testing                            4 (100%)                              2 (40%)                                       
Appropriated shocks                                                                                             1 (8%)                                7 (50%)                                  0.04 
Unappropriated shocks                                                                                         1 (8%)                                4 (27%)                                  0.34 
SD, standard deviation; IQR, interquartile range; ECG, electrocardiogram; ICD, implantable cardioverter defibrillator.

Figure 2. The etiological diagnosis during follow-up in patients 
performing or not performing genetic testing, in all patients, 
women or men. Fisher's exact test was used to analyze the differ-
ence between groups.
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Limitations 
The present study was a single-center retrospective observation-

al study, which was its major limitation. The small number of 
patients included in this paper recommends some caution in data 
generalization. Data should be validated and confirmed in future 
studies, especially prospective ones. 

Conclusions 
Our study, a real-life study with one of the longest follow-ups 

available to date, highlights the challenge of idiopathic VA diagnosis 
and arrhythmic recurrence prediction in idiopathic VA patients. Also, 
it reveals new data concerning sex differences in this population. 
Genetic testing significantly improved the diagnostic yield, especial-
ly in women, leading to a definitive diagnosis of a distinct clinical 
entity in more than half of patients. Recurrence of life-threatening 
arrhythmias occurred in about one third of patients and is signifi-
cantly higher in men, underscoring both the dismal prognosis of 
SCD by idiopathic VA and the importance of ICD implantation.  

References 
1. Bujak K, Nadolny K, Trzeciak P, et al. Does the presence of

physician-staffed emergency medical service improve the prog-
nosis in out-of-hospital cardiac arrest? A propensity score
matching analysis. Kardiol Pol 2022;80:685-92.

2. Priori SG, Blomstrom-Lundqvist C, Mazzanti A, et al. 2015
ESC Guidelines for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death: The
Task Force for the Management of Patients with Ventricular
Arrhythmias and the Prevention of Sudden Cardiac Death of the
European Society of Cardiology (ESC). Endorsed by:
Association for European Paediatric and Congenital Cardiology
(AEPC). Eur Heart J 2015;36:2793-867.

3. Sip M, Puslecki M, Klosiewicz T, et al. A concept for the
development of a pioneer regional Out-of-Hospital Cardiac
Arrest Program to improve patient outcomes. Kardiol Pol
2020;78:875-81.

4. junttila mj, hookana e, kaikkonen ks, et al. Temporal trends in
the clinical and pathological characteristics of victims of sudden
cardiac death in the absence of previously identified heart dis-
ease. Circ Arrhythm Electrophysiol 2016;9:e003723.

5. Al-Khatib SM, Stevenson WG, Ackerman MJ, 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. J Am Coll 
Cardiol 2018;72:e91-e220. 

6. Stepien-Wojno M, Poninska J, Rydzanicz M, et al. Sudden car-
diac arrest in patients without overt heart disease: a limited value
of next generation sequencing. Pol Arch Intern Med
2018;128:721-30.

7. Knecht S, Sacher F, Wright M, et al. Long-term follow-up of
idiopathic ventricular fibrillation ablation: a multicenter study. J
Am Coll Cardiol 2009;54:522-8.

8. Waldmann V, Bougouin W, Karam N, et al. Characteristics and
clinical assessment of unexplained sudden cardiac arrest in the
real-world setting: focus on idiopathic ventricular fibrillation.
Eur Heart J 2018;39:1981-7.

9. Krahn AD, Healey JS, Chauhan V, et al. Systematic assessment
of patients with unexplained cardiac arrest: Cardiac Arrest
Survivors With Preserved Ejection Fraction Registry
(CASPER). Circulation 2009;120:278-85.

10. Conte G, Giudicessi JR, Ackerman MJ. Idiopathic ventricular
fibrillation: the ongoing quest for diagnostic refinement.
Europace 2021;23:4-10.

11. Leenhardt A, Glaser E, Burguera M, et al. Short-coupled variant
of torsade de pointes. A new electrocardiographic entity in the
spectrum of idiopathic ventricular tachyarrhythmias. Circulation
1994;89:206-15.

12. Haissaguerre M, Shah DC, Jais P, et al. Role of Purkinje con-
ducting system in triggering of idiopathic ventricular fibrillation.
Lancet 2002;359:677-8.

13. Conte G, Belhassen B, Lambiase P, et al. Out-of-hospital cardiac
arrest due to idiopathic ventricular fibrillation in patients with
normal electrocardiograms: results from a multicentre long-term
registry. Europace 2019;21:1670-7.

14. Chaudhry U, Platonov PG, Rubulis A, et al. Idiopathic ventricu-
lar fibrillation - Long term prognosis in relation to clinical find-
ings and ECG patterns in a Swedish cohort. J Electrocardiol
2019;56:46-51.

15. Rieder M, Giammarino L, Asatryan B, Odening KE. Sex differ-
ences in idiopathic VF: Evidence for sex-specific differences in
proarrhythmic triggers. Heart Rhythm 2021;18:1655-6.

16. Surget E, Cheniti G, Ramirez FD, et al. Sex differences in the
origin of Purkinje ectopy-initiated idiopathic ventricular fibrilla-
tion. Heart Rhythm 2021;18:1647-54.

17. Milman A, Gourraud JB, Andorin A, et al. Gender differences in
patients with Brugada syndrome and arrhythmic events: Data
from a survey on arrhythmic events in 678 patients. Heart
Rhythm 2018;15:1457-65.

[Monaldi Archives for Chest Disease 2023; 93:2501] [page 113]

Article

Non
-co

mmerc
ial

 us
e o

nly




