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Abstract
Background The genetic risk haplotype DPP6 has
been linked to familial idiopathic ventricular fibrilla-
tion (IVF), but the associated long-term outcomes are
unknown.
Methods DPP6 risk haplotype-positive family mem-
bers (DPP6 cases) and their risk haplotype-negative
relatives (DPP6 controls) were included. Clinical
follow-up data were collected through March 2023.
Implantable cardioverter-defibrillator (ICD) indica-
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tion was divided in primary or secondary prevention.
Cumulative survival and event rates were calculated.
Results We included 327 DPP6 cases and 315 DPP6
controls. Median follow-up time was 9 years (in-
terquartile range: 4–12). Of the DPP6 cases, 129 (39%)
reached the composite endpoint of appropriate ICD
shock, sudden cardiac arrest or death, at a median
age of 45 years (range: 15–97). Median overall survival
was 83 years and 87 years for DPP6 cases and DPP6
controls, respectively (p<0.001). In DPP6 cases, me-
dian overall survival was shorter for males (74 years)
than females (85 years) (p< 0.001). Of the DPP6 cases,
97 (30%) died, at a median age of 50 years. With a pro-
phylactic ICD implantation advise based on risk hap-
lotype, sex and age, 137 (42%) of DPP6 cases received
an ICD, for primary prevention (n=109) or secondary
prevention (n= 28). In the primary prevention sub-
group, 10 patients experienced a total of 34 appropri-

What’s new?

� Using contemporary risk stratification based on
DPP6 risk haplotype status, age and sex, a sub-
stantial proportion of patients with a primary
prevention ICD carriers experienced appropri-
ate implantable cardioverter-defibrillator (ICD)
shocks.

� Estimates of median survival time in patients
with the DPP6 risk haplotype have increased
substantially compared with earlier estimates,
suggesting that initiation of cascade screening
leading to early diagnosis and ICD treatment has
reduced mortality.

� DPP6 cases with a secondary prevention ICD
represented a small but severely affected subset,
that suffered from frequent IVF recurrences.
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ate ICD shocks, and there were no deaths during fol-
low-up. DPP6 cases with a secondary prevention ICD
experienced a total of 231 appropriate ICD shocks.
Conclusion Patients with the DPP6 risk haplotype,
particularly males, are at an increased risk of IVF and
sudden cardiac death. Using a risk stratification ap-
proach based on risk haplotype, sex and age, a sub-
stantial proportion of patients with a primary preven-
tion ICD experienced appropriate ICD shocks, show-
ing the benefit of prophylactic ICD implantation with
this strategy.

Keywords Sudden cardiac death · Idiopathic
ventricular fibrillation · DPP6

Introduction

Survivors of sudden cardiac arrest (SCA) are diagnosed
with idiopathic ventricular fibrillation (IVF) when no
cause or other phenotypic expression (such as char-
acteristic electrocardiographic or imaging features)
can be identified after comprehensive assessment
of structural and functional cardiac abnormalities
[1]. Although ‘true’ IVF is rare, with studies report-
ing that 1.2–6.8% of SCA survivors with a shockable
first rhythm could be diagnosed as such,[2, 3] it is
an important public health concern, predominantly
affecting young and otherwise healthy individuals.

Despite a family history of sudden cardiac death
(SCD) in a substantial proportion of IVF patients,[4,
5] a genetic substrate is not (yet) identifiable in most
patients. However, in the Netherlands, a founder risk
haplotype (i.e. a series of base pairs that are similar
for all carriers instead of a similar single variant or
mutation) has been associated with SCD and familial
IVF [6, 7]. This risk haplotype is located on chro-
mosome 7q36 and comprises the gene for dipeptidyl
aminopeptidase-like protein 6 (DPP6). In DPP6 IVF,
overexpression of DPP6 appears to be critical to the
phenotype [6]. As DPP6 is involved in the rapidly re-
covering cardiac transient outward potassium current
(Ito), it is thought that overexpression of this protein
specifically increases the activity of Purkinje fiber Ito,
leading to a propensity for IVF [8].

DPP6 risk haplotype-positive family members
(hereafter referred to as ‘DPP6 cases’), unlike their risk
haplotype-negative relatives (‘DPP6 controls’), have
been extensively characterised. They are a group of
patients who suffer SCD at young age from malig-
nant short-coupled premature ventricular complexes
originating predominantly from the lower part of the
right ventricular free wall, without other clinical man-
ifestations [9, 10]. DPP6 IVF thus forms a subset of
so-called short-coupled IVF [11]. Specifically, for risk
stratification in patients who did not previously expe-
rience IVF, no clinically useful abnormalities are de-
tected with electrocardiography or cardiac magnetic
resonance imaging in affected patients [9]. Therefore,
first-degree family members of diagnosed patients are

offered presymptomatic genetic testing after genetic
counselling.

Based on previous observations,[6, 9] recommen-
dations for the treatment of DPP6 cases have been
formulated, of which the most pivotal aspect is the
approach regarding implantable cardioverter-defibril-
lator (ICD) implantation. However, because of the
lack of clinical features, risk stratification and man-
agement of DPP6 cases remain challenging, particu-
larly in asymptomatic patients. The aim of this study
was to assess the long-term outcomes of the current
cohort of DPP6 cases and DPP6 controls, thereby fo-
cusing on mortality, IVF recurrence and appropriate
ICD therapy, including ICD complications.

Methods

Study population

The study population consisted of an extension of
the previously described cohort of DPP6 cases and
their risk haplotype-negative relatives (DPP6 con-
trols)[9] and newly identified DPP6 cases. The cohort
of DPP6 cases also included individuals with unex-
plained SCD at age <50 years who could not undergo
genetic analysis but were first-degree family mem-
ber of a DPP6 case (i.e. inferred or obligate carrier).
DPP6 cases with an ICD were divided by ICD indica-
tion as either primary prevention (when they did not
previously experience IVF) or secondary prevention
(when they previously survived IVF).

Clinical follow-up data on all-cause mortality, SCA,
ICD status, quinidine use and the occurrence of ap-
propriate and inappropriate shocks were collected
from inception through March 2023. Vital status was
obtained through linkage with the Dutch National
Personal Records Database. ICD shocks were consid-
ered appropriate if they were delivered for ventricular
tachyarrhythmias. To allow assessment of the yearly
ventricular tachyarrhythmia/IVF recurrence, which is
not skewed by VF storms, we used a definition of an
arrhythmic event that comprised all appropriate ICD
shocks within a 24-hour period. Informed consent
for this type of data collection was obtained from all
included patients.

Statistical analysis

Continuous data are reported as mean± standard de-
viation or median with interquartile range (IQR) and
comparedusingtheunpairedt-testorMann-WhitneyU
test, depending on variable distribution. Categorical
data are reported as number and percentage. Rates of
(1) appropriate ICD shocks and (2) arrhythmic events
were calculated by dividing the number of appropri-
ate ICD shocks and arrhythmic events, respectively, by
the corresponding number of patient-years. In addi-
tion, a composite endpoint of appropriate ICD shock,
SCAor deathwas determined. Cumulative survival and
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event rates were compared with the log-rank test and
are presented as survival curves. For survival analysis,
follow-up was censored at the date of last follow-up.
All reported p-values are two-sided and were consid-
ered statistically significant when <0.05. All statistical
analyses were performed using SPSS (version 28.0,
IBM Corporation, Armonk, NY, USA).

Results

Baseline characteristics

In this study, 327 DPP6 cases (175 (54%) male) and
315 DPP6 controls (156 (50%) male) were included.
Median follow-up duration was 9 years (IQR: 4–12;
n= 180). Baseline characteristics of the included pa-
tients are shown in Tab. 1.

Survival

Within the subgroup of DPP6 cases, which included
many family members who were not previously recog-
nised as DPP6 cases (i.e. obligate carriers), 97 (30%)
died during follow-up (median age at death: 50 years),
of whom 52 due to SCD. Of the DPP6 controls, 31
(10%) died during follow-up (median age at death
73 years). Median survival significantly differed be-
tween DPP6 cases and DPP6 controls (83 vs 87 years;
p< 0.001) (Fig. 1).

Next, we analysed survival differences inDPP6 cases
by sex. Of the 97 deceased DPP6 cases, 63 (65%) were
male. Median survival time was 74 years and 85 years
for males and females, respectively (p<0.001) (Fig. 2).

Among all DPP6 cases, 129 (39%) reached the com-
posite endpoint of appropriate ICD shock, SCA or
death, at a median age of 45 years (IQR: 32–69) (Fig. 3).
Four DPP6 cases experienced an SCD or SCA before
the age of 20 years: a 15-year-old male (SCD), a 16-
year-old male (SCA) and two 17-year-old males (SCA).
In the case of the 15-year-old, autopsy revealed find-
ings compatible with (concurrent) hypertrophic car-
diomyopathy. Within 1 year of ICD implantation for
secondary prevention, all 3 SCA survivors experienced
their first appropriate ICD shock. The youngest fe-

Table 1 Baseline characteristics of the study cohort
Characteristic Total

(n= 642)
DPP6 cases
(n= 327)

DPP6 controls
(n= 315)

Male 331 (52) 175 (54) 156 (50)

Age, years 53± 19 51± 20 54± 18

Deceased 128 (20) 97 (30) 31 (10)

Method of identification

DNA haplotype 260 (80) 309 (98)

Obligate carrier 42 (13) 6 (2)

SCD at age <50 and first-degree
family member of risk haplotype-
positive patient

25 (8) 0 (0)

Data are n (%) or mean± standard deviation
SCD sudden cardiac death

Fig. 1 Survival curves showing mortality in DPP6 cases and
DPP6 controls

Fig. 2 Survival curves showing mortality in male and female
DPP6 cases

Fig. 3 Survival curve showing mortality, aborted sudden car-
diac arrest or first appropriate implantable cardioverter-defib-
rillator (ICD) shock in all DPP6 cases
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Table 2 Patient characteristics of 10DPP6 cases with indication for primary prevention ICD who experienced ≥1 appropriate
shocks
ID Age at diag-

nosis, years
Sex Age at ICD implanta-

tion, years
Age at first appropri-
ate ICD shock, years

Number of appro-
priate ICD shocks

Follow-up duration,
years

Quinidine use

A 31 Male 31 41 2 14 Since first ICD shock

B 28 Female 28 40 1 12 Never

C 38 Male 38 46 2 14 Since second ICD shock

D 21 Female 21 32 4 14 Since third shock. Discontinued
because of side effects

E 26 Male 26 37 9 (VF storm) 14 Since VF storm

F 14 Male 19 26 1 6 Never

G 40 Male 40 46 2 6 Since second ICD shock

H 36 Male 36 39 8 9 Never

I 40 Female 50a 51 2 14 Since second ICD shock

J 21 Male 21 26 3 5 Since third ICD shock

VF ventricular fibrillation
aPatient initially refused implantable cardioverter-defibrillator (ICD) implantation, until she experienced sudden cardiac arrest at age 50

male DPP6 case who died suddenly was 27 years old.
The highest age at which SCD occurred was 68 years
for females and 88 years for males.

ICD outcomes

Of the 327 DPP6 cases, 137 (42%) had an ICD im-
planted during follow-up. Reasons for not implanting
an ICD were death before potential implantation/
obligate carrier (n= 85), perceived low risk based on
age (n= 74), patient refusal (n= 10) and unknown
(n= 21). The median available follow-up duration af-
ter ICD implantation was 9 years (IQR: 5–13). Primary
prevention of SCD was the most common indication
(n= 109), followed by secondary prevention of SCD
(n= 28). The ICD types were subcutaneous (n= 60),
transvenous (n=50), extravascular (n= 3), multiple at
different moments (n= 7) and unspecified (n=17).

In 6 patients, their ICD was explanted during fol-
low-up (due to advanced age), of whom 5 received
their ICD for primary prevention.

Outcomes in primary prevention subgroup

The median follow-up duration in patients with a pri-
mary prevention ICD (n= 109) and those who (ini-
tially) refused ICD implantation for primary preven-
tion (n= 10) was 8 years (IQR: 4–12). During this time,
10 patients (8%) experienced a total of 34 appropriate
ICD shocks and there was 1 SCA (Tab. 2). The rate of
appropriate ICD shocks and arrhythmic events per pa-
tient-year was 3.8 and 1.9%, respectively. None of the
patients who received an ICD for primary prevention
died, and there were no occurrences of aborted SCD.
Of the patients with a primary prevention ICD, 9 took
quinidine during follow-up, of whom 5 were still tak-
ing quinidine during the last visit. Of these 9 patients,
2 experienced IVF recurrence while being treated with
quinidine (of which at least one had a subtherapeutic
dose due to incompliance).

Outcomes in secondary prevention subgroup

The median follow-up duration after ICD implanta-
tion in the 28 patients with an ICD for secondary pre-
vention, of whom 22 were males, was 12 years (IQR:
9–16). During the follow-up after ICD implantation,
21 patients (75%), of whom 16 males, experienced
a total of 231 appropriate ICD shocks (median number
of shocks per patients: 3; IQR 2–15). The yearly rate
of appropriate ICD shocks was 70%. One patient who
received an ICD for secondary prevention has since
died. In this subgroup, 16 patients took quinidine
during follow-up, of whom 15 were still on quinidine
during the last visit.

Quinidine

We identified 25 DPP6 cases in the present cohort
who were treated with quinidine. The indication for
quinidine was almost always recurrent VF (n= 23);
this included patients who initially received a pri-
mary prevention ICD. For the 2 other patients, the
indication was paroxysmal atrial fibrillation (n= 1) or
NSVT (n= 1). Seven patients experienced side effects.
These were gastro-intestinal side effects (n= 4), dizzi-
ness (n= 1), defibrillation threshold elevation (n=1)
or unspecified (n= 1).

ICD complications

Seventeen patients (12%) experienced ≥1 inappro-
priate shocks during follow-up, of whom 12 had
a primary prevention ICD. Other ICD complications
occurred in 19 patients: lead fracture (n=7), ICD
malfunction (n= 3), generator pocket infection (n= 2),
pneumothorax (n= 2), lead dislocation (n=1), endo-
carditis (n= 1), subclavian vein thrombosis (n= 1),
generator pocket ulcer (n= 1) and lead perforation of
the right ventricle (n= 1). None of these complications
was lethal.
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Discussion

Patients with SCA in the absence of an identifiable
cause present a challenging scenario for the clinician,
as IVF is mostly defined by what is not known. As
the first manifestation of IVF, including DPP6 IVF, is
typically SCA, and there are often no clinical symp-
toms or signs before such a devastating event, risk
stratification is both crucial and difficult [12]. More-
over, IVF may present as a familial problem, further
stressing the importance of adequate risk stratification
in family members who did not (yet) experience IVF.
This update of the long-term follow-up of the Dutch
IVF DPP6 risk haplotype cohort provides important
new insights into the natural history of the condition
and the value of ICD implantation using current risk
stratification. Of additional significance is the size of
this cohort, being among the largest founder cohorts
worldwide [13, 14].

Our most consequential findings were derived from
the patients with a primary prevention ICD, 8% of
whom experienced appropriate ICD shocks during the
substantial follow-up time. Most of the ICD shocks
occurred around the fourth decade of life. Although
there was a male predominance, 2 females were also
severely affected. Although the arrhythmic event rate
was relatively low in the primary prevention subgroup,
it seemed to justify the current policy on ICD im-
plantation, particularly when one considers that VF,
as is characteristic in DPP6 cases, would almost al-
ways lead to SCD in the absence of an ICD. Results
from the subgroup with a secondary prevention ICD
illustrated there was a small subset of severely affected
individuals who suffered frequent IVF recurrences, of-
ten despite aggressive drug therapy. Regarding ICD
complications, most of these complications were re-
lated to transvenous ICD leads.

Nannenberg et al. reported that estimates of sur-
vival duration in inherited arrhythmia syndromes ap-
pear to increase over time, as cascade screening al-
lows for identification of family members with the ge-
netic variant who may not have overt clinical symp-
toms [15]. For DPP6 cases, it was demonstrated that
after 2011, a ‘plateau’ was reached, where identifica-
tion of more affected relatives no longer significantly
affected survival estimates. Surprisingly, in the cur-
rent study, we found that survival time increased sub-
stantially compared with these earlier estimates, sug-
gesting that the initial overestimation of mortality in
certain inherited arrhythmia syndromes may be even
more marked. In addition, it seems reasonable to sug-
gest that with initiation of cascade screening, family
members at risk are now often diagnosed early and
offered the option of ICD treatment, thereby reducing
mortality.

Genetic analysis in survivors of SCAwithout a clearly
identifiable cause enables identification of concealed
arrhythmia syndromes and screening of relatives.
Furthermore, the evaluation of specific genetic vari-

ants is an important aspect of risk stratification and
management of patients with inherited arrhythmia
syndromes [16]. In the absence of a clear pheno-
type, as is the case in IVF, determining which genes
should be tested is complicated. The yield of genetic
testing in these patients is relatively low, and variant
classification is difficult [17, 18]. Based on a review
of studies assessing the yield of genetic testing in
IVF and recognising that a substantial proportion
of patients with Brugada syndrome or long QT syn-
drome (LQTS) have a concealed phenotype, Visser
et al. proposed a screening panel of SCN5A, RYR2,
CALM1 and the most common LQTS genes (KCNQ1
and KCNH2) [19]. If a (likely) pathogenic variant is
identified, family screening may be indicated. In ad-
dition, there appear to be structural IVF subtypes, e.g.
IVF with concomitant mitral annulus disjunction or
mitral valve prolapse [20, 21].

At present, risk stratification in DPP6 cases is based
on the patient’s age and sex. For current clinical prac-
tice, we recommend clinical evaluation, genetic test-
ing, and ultimately prophylactic ICD implantation in
DPP6 cases at the age of 16–17 years for males and
25–27 years for females. The recommended upper age
limit of prophylactic ICD implantation is also a mat-
ter of continuous evaluation but is currently around
60 years for males and 65 years for females. After ex-
tensive discussions with our patients, we decided in
some cases not to perform prophylactic implantation
during a period of several years before these upper
age limits.

We also recommend ICD explantation in asympto-
matic DPP6 cases at a sufficiently advanced age—i.e.
around or above these upper limits, when the risk of
VF episodes appears to be very low and equal to that
of controls [9]. Although this study showed that SCD
can occur at higher age, it is conceivable that common
morbidities such as coronary artery disease are much
more likely to contribute than previously asymptoma-
tic DPP6, which is of course also a matter of continu-
ous evaluation and risk-benefit assessments.

The efficacy of drug therapy in IVF, including quini-
dine, is another subject of investigation. For example,
we documented a lethal VF storm in a DPP6 patient
who received amiodarone—possibly because amio-
darone blocks the fast inward sodium current that
would normally prevent unopposed Ito in phase 1 of
the action potential. A similar observation in DPP6
is that administration of ajmaline (e.g. to rule out
Brugada syndrome in IVF patients who were not yet
identified as DPP6 carrier) may aggravate the phe-
notype and can result in short-coupled IVF (without
signs of Brugada syndrome). This reaction to ajmaline
has later also been documented in non-DPP6 IVF [22].

Conclusion

The management and risk stratification of familial IVF
and DPP6 cases remain challenging. Estimates of sur-
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vival duration have increased since the first descrip-
tions possibly due to active cascade screening and
early therapy. Nonetheless, DPP6 cases, particularly
males, remained at an increased risk of mortality, and
a substantial proportion of family members with a pri-
mary prevention ICD experienced appropriate ICD
shocks, illustrating the benefit of prophylactic ICD im-
plantation using a risk stratification approach based
on risk haplotype, sex and age.

Members of the European Reference Network for rare, low
prevalenceand complex diseases of the heart: ERNGUARD-
Heart Paul G. A. Volders, Christian van der Werf, Arthur A.
M. Wilde, Pieter G. Postema

Funding A. A. M. Wilde and P. G. Postema were supported
by the Genomics of Unexplained Cardiac Arrest (GenUCA)
project, which is funded by the British Heart Foundation, the
German Centre for Cardiovascular Research and the Dutch
Heart Foundation (grant 2020B001). P. G. Postema was sup-
ported by the Dutch Heart Foundation grant (03-003-2021-
T061). P. G. A. Volders and A. A. M. Wilde have received fund-
ing from the CardioVascular Research Initiative (CVON2017-
13 VIGILANCE and CVON2018B030 PREDICT2).

Conflict of interest A.T. Bergeman, W.F. Hoeksema, M.H. van
der Ree, L.M. Verheul, R.J. Hassink, S.N. van der Crabben,
P.G.A.Volders, C. vanderWerf, A.A.M.WildeandP.G.Postema
declare that they have no competing interests. S.-C. Yap has
received a research grant from Medtronic and Biotronik and
consulting fees from Boston Scientific. P. G. A. Boersma is
consultant for Medtronic, Boston Scientific and Adagio.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium 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’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. 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 permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. ConteG,GiudicessiJR,AckermanMJ.Idiopathicventricular
fibrillation: the ongoing quest for diagnostic refinement.
Europace. 2021;23:4–10.

2. ConteG,CaputoML,Regoli F, etal. True idiopathicventric-
ularfibrillationinout-of-hospitalcardiacarrestsurvivorsin
the Swiss Canton Ticino: prevalence, clinical features, and
long-termfollow-up. Europace. 2017;19:259–66.

3. Waldmann V, BougouinW, KaramN, et al. Characteristics
and clinical assessment of unexplained sudden cardiac ar-
restinthereal-worldsetting: focusonidiopathicventricular
fibrillation. EurHeartJ.2018;39:1981–7.

4. Haïssaguerre M, Shoda M, Jaïs P, et al. Mapping and
ablation of idiopathic ventricular fibrillation. Circulation.
2002;106:962–7.

5. ViskinS,BelhassenB.Idiopathicventricularfibrillation. Am
HeartJ.1990;120:661–71.

6. Alders M, Koopmann TT, Christiaans I, et al. Haplotype-
sharing analysis implicates chromosome 7q36 harboring
DPP6 in familial idiopathic ventricular fibrillation. Am J
HumGenet. 2009;84:468–76.

7. Postema PG, Christiaans I, Hofman N, et al. Founder mu-
tations in the Netherlands: familial idiopathic ventricular
fibrillationandDPP6.NethHeartJ.2011;19:290–6.

8. Xiao L, Koopmann TT, Ördög B, et al. Unique cardiac
Purkinjefiber transientoutwardcurrentβ-subunit compo-
sition: a potential molecular link to idiopathic ventricular
fibrillation. CircRes. 2013;112:1310–22.

9. Ten Sande JN, Postema PG, Boekholdt SM, et al. De-
tailed characterization of familial idiopathic ventricular
fibrillation linked to the DPP6 locus. Heart Rhythm.
2016;13:905–12.

10. GroeneveldSA,vanderReeMH,MulderBA,etal. Prevalence
of short-coupled ventricular fibrillation in a large cohort
of Dutch patients with idiopathic ventricular fibrillation.
Circulation. 2022;145:1437–9.

11. VanderReeMH,PostemaPG.What’sinaname? furtherclas-
sification of patients with apparent idiopathic ventricular
fibrillation. EurHeartJ.2021;42:2839–41.

12. Stampe NK, Jespersen CB, Glinge C, Bundgaard H, Tfelt-
Hansen J, Winkel BG. Clinical characteristics and risk fac-
tors of arrhythmia during follow-up of patients with idio-
pathic ventricularfibrillation. J CardiovascElectrophysiol.
2020;31:2677–86.

13. PostemaPG,VandenBergM,VanTintelenJP,etal. Founder
mutations in the Netherlands: SCN5a 1795insD, the first
described arrhythmia overlap syndrome and one of the
largest and best characterised families worldwide. Neth
HeartJ.2009;17:422–8.

14. Crotti L, Monti MC, Insolia R, et al. NOS1AP is a ge-
netic modifier of the long-QT syndrome. Circulation.
2009;120:1657–63.

15. Nannenberg EA, van Rijsingen IAW, van der Zwaag PA,
et al. Effect of ascertainment bias on estimates of patient
mortality in inherited cardiac diseases. Circ GenomPrecis
Med. 2018;11:e1797.

16. Wilde AAM, Semsarian C, Márquez MF, et al. European
Heart Rhythm Association (EHRA)/Heart Rhythm Society
(HRS)/Asia Pacific Heart Rhythm Society (APHRS)/Latin
American Heart Rhythm Society (LAHRS) Expert Consen-
sus Statement on the State of Genetic Testing for Cardiac
Diseases.HeartRhythm. 2022;19:e1–e60.

17. LeinonenJT,CrottiL,DjupsjöbackaA,etal. Thegeneticsun-
derlyingidiopathicventricularfibrillation: Aspecialrolefor
catecholaminergic polymorphic ventricular tachycardia?
IntJCardiol. 2018;250:139–45.

18. Wijeyeratne YD, Behr ER. Sudden death and cardiac arrest
without phenotype: the utility of genetic testing. Trends
CardiovascMed. 2017;27:207–13.

19. Visser M, van der Heijden JF, Doevendans PA, Loh P,
Wilde AA, Hassink RJ. Idiopathic ventricular fibrillation:
the struggle for definition, diagnosis, and follow-up. Circ
ArrhythmElectrophysiol. 2016;9:e3817.

20. SriramCS, Syed FF, FergusonME, et al. Malignant bileaflet
mitral valve prolapse syndrome in patients with otherwise
idiopathicout-of-hospital cardiacarrest. JAmCollCardiol.
2013;62:222–30.

21. Groeneveld SA, Kirkels FP, Cramer MJ, et al. Prevalence
of mitral annulus disjunction and mitral valve prolapse in
patientswith idiopathic ventricular fibrillation. J AmHeart
Assoc. 2022;11:e25364.

22. EscandeW, Gourraud JB,HaissaguerreM, et al. Malignant
Purkinjeectopyinducedbysodiumchannelblockers.Heart
Rhythm. 2022;19:1595–603.

314 Outcomes in patients with DPP6 risk haplotype

http://creativecommons.org/licenses/by/4.0/

	Outcomes in Dutch DPP6 risk haplotype for familial idiopathic ventricular fibrillation: a focused update
	Abstract
	Introduction
	Methods
	Study population
	Statistical analysis

	Results
	Baseline characteristics
	Survival
	ICD outcomes
	Outcomes in primary prevention subgroup
	Outcomes in secondary prevention subgroup
	Quinidine
	ICD complications

	Discussion
	Conclusion
	References


