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A B S T R A C T

Background: First-degree relatives of Sudden Arrhythmic Death Syndrome (SADS) or Unexplained Cardiac Arrest 
(UCA) are recommended to undergo clinical evaluation for potential inherited cardiac conditions (ICC). How
ever, data on the yield of family screening in these populations remains scarce.
Aim of review: This systematic review aimed to explore the diagnostic yield of clinical screening of first-degree 
relatives of SADS or UCA probands. A secondary aim was to compare the diagnostic yield of adult-aged and 
pediatric-aged relatives.
Key scientific concepts of review: Included studies described the clinical cardiac screening and yield of first-degree 
relatives of SADS and UCA probands. Quality of selected studies was assessed using a modified Joanna Briggs 
Institute checklist.
14 studies met inclusion criteria for this review, together including 1646 first-degree relatives of SADS probands 
and 656 first-degree relatives of UCA probands. Overall diagnostic yield described ranged from 0 to 32 %. The 
combined mean diagnostic yield of SADS relatives did not differ significantly from that of relatives of UCA 
probands. Three studies described outcomes of clinical screening in pediatric relatives, with an overall reported 
yield of 9.4 % ± 3.4 %, not significantly different from adult populations. Whilst there is a clear indication for 
clinical screening of first-degree relatives following SADS or an UCA, a lack of well-designed large population- 
based studies means that the evidence base is not robust. The yield in reported literature varies considerably, 
with no difference between SADS and UCA cohorts and a similar yield in pediatric and adult relatives. This 
supports screening for all first-degree relatives regardless of age.

1. Introduction

Sudden Arrhythmic Death Syndrome (SADS) is the most common 
cause of sudden cardiac death (SCD) in the young [1] and is defined as a 
sudden death of an individual which remains unexplained despite a 
thorough post-mortem and toxicology [2]. The prevalence of SADS is 
estimated to be 1.38/100,000 in England, equivalent to over 500 deaths 
per year [3]. Inherited cardiac conditions (ICCs), particularly inherited 
arrhythmia syndromes and cardiomyopathies, are thought to be the 

primary underlying etiology for SADS [4]. In the case of a sudden car
diac arrest (SCA) with successful resuscitation, the majority of events in 
patients over 35 years of age are attributed to ischaemic heart disease 
[5]. When the SCA remains unexplained following clinical assessment, 
the event is then termed an Unexplained Cardiac Arrest (UCA) or idio
pathic ventricular fibrillation (IVF) [6]. It is thought that UCA could 
represent concealed forms of ion channelopathies or cardiomyopathies, 
and there is likely to be an overlap between UCA and SADS aetiologies 
[7] with ICCs, most commonly inherited as autosomal dominant traits, 
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accounting for a proportion of these cases. Expert consensus documents 
have stated the need for first-degree relatives to undergo clinical cardiac 
screening [8] in order to identify ICCs, but this has not currently been 
adopted in international clinical practice guidelines [2]. These condi
tions share an increased risk of SCD, and therefore, timely and appro
priate treatment and follow up can be lifesaving. In addition to clinical 
screening, referral to a specialist ICC center allows relatives to access 
expert advice and psychological support. However, despite this, reliable 
data on the yield and outcome of family screening in these populations 
remains scarce. The aim of this systematic review was to determine the 
diagnostic yield in first-degree relatives of SADS and UCA probands 
undergoing clinical cardiac screening and to compare the yield between 
relatives of SADS and UCA probands.

2. Methods

2.1. Literature search

The review protocol was created in line with PRISMA guidance [9] 
and was prospectively registered on PROSPERO (CRD:42023440658). 
The online databases Embase, Medline, and Web of Science were 
searched for original articles published in English from 1946 to June 
2023 through Medical Subject Headings (MeSH) terms relating to Sud
den Arrhythmic Death Syndrome, Sudden Infant Death Syndrome, Un
explained Cardiac Arrest, Relatives and Cardiac Evaluation (see 
Supplementary Data). A subsequent manual review of reference lists of 
included full text studies was also performed.

The titles and abstracts of all studies identified by the initial search 
were screened by two reviewers (IT & JT) for eligibility. All eligible texts 
were read in full by the same two reviewers and disagreements were 
resolved by consulting a third researcher (EF). The initial screening was 
conducted without language restriction, however only English language 
studies were considered for final full-text selection.

2.2. Eligibility criteria

Full inclusion and exclusion criteria were defined at the outset of the 
review process (Table 1). Quantitative studies describing the diagnostic 
yield of clinical cardiac screening in first-degree relatives of SADS and 
UCA probands were included. SADS was defined as the sudden death of 
an individual over one year old and <65 years old, which remains un
explained despite a thorough post-mortem and toxicology. Sudden In
fant Death Syndrome (SIDS) was defined in the same way but relating to 
infants less than a year old. UCA was defined as the sudden and unex
pected cardiac arrest of a previously healthy individual, successfully 
resuscitated with no diagnosis found despite cardiac evaluation. Mini
mum cardiac screening investigations for relatives were determined a 
priori to be a resting 12‑lead electrocardiogram (ECG) and 2D 

echocardiogram. Studies were excluded if second-degree or more distant 
relatives were included in the data in a way in which it was not possible 
to extract data for first-degree relatives separately. Studies with pro
bands who had cardiac diagnoses made at post-mortem, often termed 
more broadly as Sudden Cardiac Death (SCD), or probands who had no 
post-mortem performed were excluded. Studies were only included if 
the full published manuscript was available. As this review aimed to 
examine published evidence in relation to clinical cardiac investigations 
and their role in diagnosing relatives of SADS and UCA, studies which 
contained only diagnoses made on the basis of genetic testing or those 
where data was not extractable for diagnoses made by cardiac clinical 
investigation only, were excluded.

2.3. Study selection and data extraction

A data extraction sheet was developed, and the following data were 
extracted from all included studies where possible: study design, de
mographics of probands and first-degree relatives, circumstances of 
death of proband, length of follow up of relatives, investigations per
formed as part of clinical screening, overall diagnostic yield and the type 
and number of diagnoses made in first degree relatives. Supplementary 
material was also searched. Data extraction was performed indepen
dently by two reviewers (IT & JT), and a sample of their extracted data 
was cross-checked.

2.4. Quality of studies

A modified Joanna Briggs Institute (JBI) Checklist for Prevalence 
Studies was applied to assess the quality and bias of selected full texts. 
Existing tools for appraising diagnostic accuracy generally compared an 
index test with a reference standard, which is not applicable to this re
view. Articles were scored on nine items related to sample eligibility, 
sample selection, diagnostic protocol and criteria, and response rate to 
assess risk of bias. Quality and risk of bias of selected studies were 
assessed and cross-examined by two researchers independently, with 
discrepancies resolved through consensus. The summary of quality 
assessment is presented in Fig. 2.

2.5. Statistics and analysis

Data are presented using descriptive statistics (frequencies, numbers, 
percentages, means ± standard deviation (SD), and median and Inter
quartile Range (IQR) as appropriate). The Mann-Whitney U Test was 
used to determine statistical significance, with a P-value <0.05 consid
ered significant. Statistical analyses were performed using IBM SPSS 
Statistics (Version 28.0). Meta-analysis was not conducted due to the 
heterogeneity of studies and large amount of missing data. Therefore, 
summary tables of selected studies are presented with descriptive sta
tistics following Synthesis Without Metanalysis (SWiM) guidelines [10] 
and Cochrane guidance [11].

3. Results

The selection and screening process is depicted in the PRISMA Flow 
Diagram (Fig. 1). Briefly, the initial search identified 933 unique studies. 
By reading the titles and abstracts, 856 of these studies were excluded. 
The full text versions were evaluated for the remaining 77 articles. This 
excluded a further 67 articles. In total, 14 publications were included in 
the final review (Table 2) for data extraction and quality assessment. 
Overall, 1646 first-degree relatives of SADS probands and 656 first- 
degree relatives of UCA probands were in the included studies. Eleven 
studies were retrospective cohort studies, and cohort size varied from 56 
to 398 (median 108, IQR 82–215). Included studies were published 
between 2003 and 2022. Nine out of fourteen studies defined the dates 
on which the data were collected, ranging from 1986 to 2020. Half (n =
7) of the included studies reported a population of patients from the 

Table 1 
Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

First-degree relatives of SADS or UCA 
probands  

Quantitative studies with extractable 
data on diagnostic yield of first-degree 
relatives

Relatives of probands with either known 
diagnoses or positive, uncertain, or no 
autopsy  

Relatives of SCA survivors with 
confirmed diagnoses or without 
comprehensive clinical evaluations  

Second-degree or more distant relatives  

Genetic testing only with no clinical 
evaluation  

Qualitative data, systematic reviews, 
case reports or editorials
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United Kingdom, two reported a multicenter international population, 
and the remaining were from Denmark (n = 2), Spain (n = 1), Canada (n 
= 1) and Ireland (n = 1). One study [12] contained two datasets as it 
reported on screening from both a group of SADS relatives and a group 
of UCA relatives, resulting in 14 studies and 15 data sets.

3.1. Proband characteristics

Demographic information was not well described; extractable data 
for characteristics such as age, sex, and ethnicity of participants were not 
provided by all studies. Proband characteristics varied considerably, 
with an overall age range (reported by n = 10 studies) of 1–66 years. 
Probands were more likely to be male (combined mean 64 % from n =
10 studies).

3.2. Relative characteristics

Demographic information was not well described; extractable data 
for characteristics such as age range, sex, and ethnicity of participants 
were not provided by all studies (Table 2). Twelve studies reported 
gender (n = 2114), of which 41–56 % of participants were male. The 
same twelve studies also reported ages of participants, as displayed in 
Table 2. Ethnicity of first-degree relatives was reported in only four 
studies (n = 930) and demonstrated that relatives were mostly 

Caucasian (n = 804, 86 %).

3.3. Clinical screening strategy

Eleven studies described investigations performed on the relatives. 
Resting 12‑lead ECG and echocardiogram were the most commonly 
performed investigations as reported. Resting 12‑lead ECG was per
formed in 98–100 % of participants, and echocardiogram in 90–100 % of 
participants reported by n = 10 studies, with one study reporting only 
79 % of participants. Five studies reported the proportion of relatives 
who had undergone specific additional cardiac investigations, including 
exercise testing (12.8–100 %), ambulatory ECG monitoring (34–100 %), 
Cardiac MRI (CMR) (6.3–27 %) and ajmaline provocation (5–27 %).

Only eight studies reported symptom status in the relatives; the most 
commonly reported symptoms were syncope (reported in 8.8 % ±3.3 of 
relatives) and palpitations (reported in 9.7 % ±5.3 of relatives). Of those 
studies that reported follow up length (n = 8), screening ranged from a 
one-off clinical evaluation (n = 3) to serial clinical screening (Table 2).

3.4. Diagnostic yield of clinical screening

The overall diagnostic yield for individual relatives ranged from 0 to 
32 %. The pooled median diagnostic yield for all first-degree relatives 
was 13.2 % (IQR 6–23 %). The diagnostic yield for SADS relatives was 

Fig. 1. PRISMA flow diagram.
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13.2 % (IQR 7.35–22 %) and UCA relatives 7.5 % (IQR 1.1–21.8 %), 
respectively. The difference in yield of diagnoses between SADS and 
UCA relatives was not statistically significant [p = 0.15]. The overall 
diagnostic yield, when calculated for families rather than individuals 
(available for n = 9 studies), was 16 % (IQR 2.45–26 %). The range of 
diagnostic yields for families of SADS (n = 5 studies) and UCA (n = 4 
studies) relatives was 13.5–53 % and 0–18.8 %, respectively.

Nine of the included studies provided extractable data on diagnoses 
made in screening individuals (see Fig. 3). Three quarters (n = 123, 78.3 
%) of all reported diagnoses were inherited arrhythmia syndromes, with 
long QT syndrome (LQTS) being the most common diagnosis (n = 58, 
36.9 %) followed by Brugada syndrome (n = 56, 35.6 %) and cate
cholaminergic polymorphic ventricular tachycardia (CPVT) (n = 9, 5.7 
%).

3.5. Pediatric relatives

Three studies described outcomes of clinical screening in 235 pedi
atric relatives, with an overall reported yield of 9.3 % ± 3.45 %. This is 
not significantly different from adult populations (14.57 % ± 11.05 %) 
[p = 0.157]. All studies reported which diagnoses were made in first- 

degree relatives. In the pediatric participants reported on by these two 
studies, Brugada Syndrome (n = 10) and LQTS (n = 9) were the most 
common diagnoses, followed by CPVT (n = 1) and dilated cardiomy
opathy (n = 1).

3.6. Sudden infant death syndrome

No studies were identified which report the diagnostic yield of car
diac screening in relatives following a SIDS or Sudden Unexpected Death 
in Infancy (SUDI) death.

4. Discussion

This study is, to our knowledge, the first systematic review exploring 
the diagnostic yield of cardiac family screening following SADS or UCA 
and includes over 2000 first-degree relatives. There was considerable 
heterogeneity in screening strategy and quality of studies. The diag
nostic yield in reported literature varies considerably, with no statisti
cally significant difference between SADS and UCA cohorts and a similar 
yield in pediatric and adult relatives.

Table 2 
Description of included studies (n = 14).

Reference Study type Study 
period 
(years)

N of first- 
degree 
relatives

Male 
(%)

Age of relatives Follow-up length 
(years)

Diagnostic 
yield 
Proportion of 
individuals

Diagnostic yield 
proportion of 
families

Mean 
± SD

Median 
(IQR)

Mean ± SD Median 
(IQR)

SADS studies
Dalgaard et al. 

2022 [18]
Retrospective Cohort 
(single center)

13 276 46 33 ± 18 – 5.3 ± 3.2 – 31 (11 %) 19 (16 %)

Steinberg et al. 
2016 [12]

Prospective Cohort 
(National Registry)

11 212 – – – – – 61 (29 %) –

Giudici et al. 
2014a [24]

Retrospective Cohort 
(single center)

10 90 56 – 7 (3− 10) – – 7 (7.7 %) 7 (13.5 %)

Wong et al. 2014a

[17]
Retrospective Cohort 
(two center)

3.5 85 48 – 8 
(0.0.8–16)

– 2.1b

(Range 
0.2–8.2 
years)

6 (7 %) –

McGorrian et al. 
2013 [16]

Prospective and 
Retrospective Cohort 
(single center)

4.5 220 44.3b 38.64 
±

15.59b

– – – 29 (13.2 %) –

Caldwell et al. 
2012 [25]

Observational 
Outcome (single 
center)

– 107 – 38 ±
17b

– 1.37b

(Range 1 
day – 61 
months)

– 45 (23 %) 25 (30 %)

Nunn et al. 2011 
[26]

Retrospective Cohort 
(single center)

5 363 43 35 ± 17 – One-off assessment 51 (14 %) 49 (34 %)

Behr et al. 2008 
[23]

Prospective Cohort 
(single center)

– 184 42 32.3 – One-off assessment 46 (25 %) 30 (53 %)

Behr et al. 2003 
[27]

Prospective 
(national)

1 109 41 31.9 ±
18.2

– – – 7 (6 %) 7 (22 %)

UCA studies
Brunet-Garcia 

et al. 2022a

[28]

Retrospective Cohort 
(single center)

12 60 50 6.5 ±
4.4

– – 4.58 
(2.25–7.25)

8 (13.3 %) 6 (18.8 %)

Mellor et al. 2021 
[7]

Retrospective Cohort 
(National Registry)

– 201 57 39 ± 20 – – – 3 (1.5 %) 3 (3.1 %)

Jacobsen et al. 
2020 [29]

Retrospective Cohort 
(single center)

13 56 – – – – 1 (1.7 %) 1 (1.8 %)

Hornarbakhsh 
et al. 2017 [14]

Retrospective cohort 
(two center)

30 72 50 36 ± 13 – One-off assessment 0 (0 %) 0 (0 %)

Steinberg et al. 
2016 [12]

Prospective Cohort 
(National Registry)

11 186 – – – – 2 (− ) 59 (32 %) –

Jiminez-Jaimez 
et al. 2015 [30]

Prospective Cohort 
(nine centers)

3 81 – – – – – 15 (18.5 %) –

SADS = Sudden Arrhythmic Death Syndrome, IQR = Interquartile Range, UCA = Unexplained Cardiac Arrest.
a Pediatric study.
b Reported for first-degree and more distant relatives combined.
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4.1. Screening following SADS

Current international guidelines [2] recommend cardiac screening 
for first-degree relatives of SADS victims due to the autosomal dominant 
nature of inheritance of most ICCs. However, despite this recommen
dation it is currently unknown what the yield of clinical screening is in 
this group. These guidelines recommend first-degree relatives undergo 
baseline cardiac investigations to include resting 12‑lead ECG, ECG in 
high parasternal lead positions, echocardiogram and exercise testing. 
Further follow-up for asymptomatic adults with normal investigation 
results is not recommended, as the guidelines assert that routine follow- 
up is unlikely to lead to new diagnoses, although this is only supported 
by a single study with follow-up data in <50 families [13]. Ambulatory 
ECG monitoring, drug provocation, and CMR are recommended only if 
baseline tests do not reveal a diagnosis. In contrast, North American 
guidelines [8] advise that regular (3–5 yearly) follow-up is offered to 
relatives until the age of 45 years old.

This review demonstrates a large range of reported yields. There was 
significant variability in the approach to clinical screening in this pop
ulation, such as which investigations were performed and length of 
follow-up. However, included studies were published at different points 
over the last twenty years, and therefore practice may have become 
more standardized over time. The study reporting the smallest diag
nostic yield [14] described no diagnoses from a cohort of n = 72 first- 
degree relatives. Although all relatives in this study underwent ECG 
and Echo, only half (48 %) had ETTs performed, and only 5 % under
went drug provocation. The lack of comprehensive investigation may 
account for the lower yield of diagnoses compared to other studies.

Only eight of the included studies defined which ICC diagnoses had 
been made in first-degree relatives; therefore, reporting frequency of 
individual diagnoses in this systematic review is incomplete. The ma
jority of diagnoses from all studies were inherited arrhythmia 

syndromes, in line with the published literature on the yield of diagnoses 
from molecular autopsies [4]. Although these results show LQTS as the 
most common diagnosis, drug provocation with sodium channel blocker 
was only carried out by 5–29 % of participants in studies which reported 
this (n = 5), and therefore, it is possible that the number of Brugada 
Syndrome diagnoses may be under reported. Despite probands having 
no heart muscle phenotype on post-mortem or clinical evaluation, 
almost a quarter of relatives (from n = 8 studies) were diagnosed with 
inherited cardiomyopathies, most commonly Arrhythmogenic Right 
Ventricular Cardiomyopathy (ARVC). It is well reported that predispo
sition to malignant arrhythmia in ARVC can often precede structural 
changes [15], and this could account for the probands having normal 
post-mortem examinations, especially in cases where specialist cardiac 
post-mortem was not performed. Only one cardiomyopathy diagnosis 
was made in the pediatric population, potentially due to age-related 
variables and incomplete penetrance.

Despite the missing data in relation to investigations performed 
(Table 3), there does appear to be a correlation between the rates of 
detailed investigations carried out in relatives and the diagnostic yield. 
The study which reported the highest diagnostic yield [16] performed 
the highest proportion of CMRs and drug provocation testing and the 
second highest proportion of exercise tests in participants. Only two 
studies reported which investigations were diagnostic in participants, 
and no studies which followed-up participants, as opposed to one-off 
assessment, described whether diagnoses were made at baseline or at 
subsequent time points, meaning this review is unable to analyze evi
dence relating to optimum length of follow up for relatives. Future 
studies describing the yield of cardiac investigations in this population 
are needed.

Fig. 2. Quality assessment of included studies. *See Appendix 2 for full description of each criterion.
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Fig. 3. Combined proportion of ICC diagnoses made in first-degree relatives (overall, SADS and UCA). BrS = Brugada Syndrome, LQTS = Long QT Syndrome, CPVT 
= Catecholaminergic Polymorphic Ventricular Tachycardia, HCM = Hypertrophic Cardiomyopathy, DCM = Dilated Cardiomyopathy, ARVC = Arrhythmogenic Right 
Ventricular Cardiomyopathy, LVNC = Left Ventricular Non-Compaction.
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4.2. Screening following an unexplained cardiac arrest

Screening first-degree relatives of UCA probands is included as a 
Class IIb recommendation in current international guidelines [8]. 
Studies on cardiac screening for relatives of UCA probands were more 
scarce compared to those on relatives of SADS probands; the overlap of 
etiology between SADS and UCA is a contentious issue.

Several studies (and editorials) have set out proposed definitions for 
SCA, UCA, and IVF. Terminology remains unstandardized [6], but the 
generally accepted definition for unexplained cardiac arrest (UCA) is a 
cardiac arrest in individuals in whom, after baseline investigations 
(echocardiogram, ECG, and coronary assessment), the cause remains 
unexplained. Once further systematic investigations such as cardiac 
magnetic resonance imaging (CMR) and drug provocation have been 
completed, if the cause for the event remains elusive, it is then termed 
idiopathic ventricular fibrillation (IVF) [7].

The variation in definition used affects the quality of the evidence 
and makes it difficult to synthesize the evidence gathered from the 
studies. In particular, the difference in the clinical investigations con
ducted in the proband makes it challenging to draw strong conclusions 
regarding whether these are all truly unexplained cardiac arrests or 
whether, if more stringent investigations had been conducted, a diag
nosis might have been found. This highlights the importance of 
comprehensive clinical and genetic screening for individuals who have 
suffered an SCA in order to better direct screening for relatives. The 
small number of studies which met inclusion criteria for this review 
demonstrates diagnostic yields of ICCs in relatives ranging from 0 to 
18.5 %. The difference in yield of diagnoses between SADS and UCA was 
not statistically significant. However, there is a trend towards a lower 
diagnostic yield in relatives of UCA probands.

4.3. Screening pediatric-age relatives of SADS or UCA victims

An additional aim of this review was to describe the clinical yield of 
ICCs in the pediatric population of first-degree relatives of SADS or UCA 
probands. Only three of the included studies reported exclusively on 
outcomes of pediatric-age relatives. Studies differed on their definition 
of child-age relatives, with one defining pediatric as ≤16 years old [17] 
and the remaining two studies defining this as ≤18 years old. Two of the 
three studies came from the same tertiary specialist pediatric center. 
Although at least one study [18] did include pediatric relatives in their 
cohort based on their demographic data, they did not provide extract
able data on the child-age relatives alone.

There was no statistically significant difference between overall 
diagnostic yield in the pediatric age group compared to the overall yield. 
This may suggest a comparable prevalence of ICC in pediatric first- 
degree relatives, although the number of studies was small, and it is 
conceivable that potential differences in diagnostic yield between adult 
and pediatric relatives may not have been detected. Due to variable 
phenotypic expression and incomplete, age-related, penetrance, the 
most accepted strategy is to screen pediatric first-degree relatives 
regularly until adulthood; however, the optimum frequency and nature 
of follow-up are not well defined. The studies included in this review all 
described ongoing follow-up for pediatric-age relatives. The current 
guidelines are largely extrapolated from adult data and have not been 
validated in child-age relatives [8,19]. Importantly, European guide
lines only specify the need for ongoing follow-up for children of de
cedents but make no comment on child-age siblings of probands who 
have the same risk profile (as both are first-degree relatives) [2].

It is recognized that some tests have age-related variations in positive 
and negative predictive value. For example, Ajmaline provocation 

Table 3 
Investigations performed during cardiac screening of relatives.

Reference N of first-degree 
relatives

Investigations 
performed

Diagnoses 
n (%)

SADS studies
Dalgaard et al. 2022 276 ECG – 100 % 

Echo – 100 %
–

Steinberg et al. 2016 212 ECG – 100 % 
Echo – 91 % 
ETT – 84 % 
CMR – 49 % 
SCB – 29 % 
Adrenaline – 30 %

–

Giudici et al. 2014a 90 ECG – 100 % 
Echo – 100 %

BrS – 5 (71.4) 
LQTS – 1 
(14.2) 
CPVT – 1 
(14.2)

Wong et al. 2014b 85 ECG – 98 % 
Echo – 95 % 
Holter – 85 % 
CMR – 6.3 % 
SCB– 11.6 %

–

McGorrian et al. 
2013b

220 ECG – 100 % 
Echo – 100 % 
Holter – 100 % 
ETT – 100 % 
CMR – 3.8 % 
SCB – 10.6 %

–

Caldwell et al. 2012 107 ECG – 100 % 
Echo – 100 %

–

Nunn et al. 2011 363 – LQTS - 13 
(25.4) 
BrS -26 (50.9) 
CPVT – 2 
(3.9) 
CM – 10 
(19.6)

Behr et al. 2008 184 ECG – 100 % 
Echo – 100 %

LQTS – 20 
(43.4) 
BrS – 11 
(23.9) 
CM – 15 
(32.6)

Behr et al. 2003 109 ECG – 98 % 
Echo – 97 % 
Holter – 77 % 
ETT – 12.8 %

LQTS – 4 
(66.6) 
MD – 1 (16.6) 
CM – 1 (16.6)

UCA studies
Brunet-Garcia et al. 

2022a
60 ECG – 100 % 

Echo – 100 %
LQTS – 4 (50) 
BrS – 3 (37.5) 
CM – 1 (12.5)

Mellor et al. 2021 201 ECG – 100 % 
Echo – 26 % 
HLECG – 79 % 
ETT – 62 % 
CMR – 11 % 
SCB – 10 % 
Adrenaline – 9 %

BrS – 3 (100 
%)

Jacobsen et al. 2020 56 –
Hornarbakhsh et al. 

2017
72 ECG – 100 % 

Echo – 100 % 
SAECG – 100 % 
CMR – 8 % 
SCB – 5 %

–

Steinberg et al. 2016 186 ECG – 100 % 
Echo – 90 % 
ETT – 70 % 
CMR – 33 % 
SCB – 10 % 
Adrenaline – 17 %

–

Jiminez-Jaimez et al. 
2015

81 – –

ETT = Exercise Treadmill Test, SCB = Sodium Channel Blocker drug provoca
tion, LQTS = Long QT Syndrome, BrS = Brugada Syndrome, CPVT =

Catecholaminergic Polymorphic Ventricular Tachycardia, SQTS = Short QT 
Syndrome, CM = Cardiomyopathy, MD = Myotonic Dystrophy.

a Pediatric study.
b Reported for first-degree and more distant relatives combined.
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testing has been shown to be affected by age-related penetrance with the 
risk of a false negative test in pre-pubertal children [20]. Children may 
not be able to complete all necessary investigations due to body size or 
ability to comply with tests such as exercise testing or CMR. Although 
not specifically described in the guidelines, the challenges of screening 
in the pediatric population are best met in a specialist pediatric setting.

4.4. Studies on SIDS and SUDI

SIDS and Sudden Unexpected Death in Infancy (SUDI), like SADS, are 
diagnoses of exclusion in infants under one year old. Related search 
terms were included in the online search strategy; however, no papers 
which described the clinical yield of screening in these families were 
retrieved. It is unclear whether the scarcity of evidence is representative 
of a real-world clinical picture or whether relatives are undergoing 
clinical cardiac screening routinely. The sudden death of an infant is a 
deeply traumatic event for families, and it may be that this population is 
less inclined to undergo clinical evaluation in these circumstances. 
There have been many non-cardiac related theories suggested to account 
for SIDS deaths, such as the triple risk theory [21]. Clinical screening for 
first-degree relatives of SIDS, or SUDI, cases has been recommended in 
previous 2013 international guidelines [19]; however, this is based on 
evidence extrapolated from studies reporting on molecular autopsy re
sults containing a proportion of ICC causative variants. Cardiac evalu
ation of first-degree relatives of SIDS or SUDI probands is not included as 
a recommendation in the most recently published guidelines [2,8]. 
Studies have shown that potentially >10 % of post-mortem genetic 
testing in the proband may reveal an ICC diagnosis in these cases [22], 
which is not dissimilar to the yield in SADS probands.

4.5. Quality of selected studies

Overall, the risk of bias in selected studies was high, particularly 
selection bias. There is a possibility of non-response bias, but, to our 
knowledge, no studies exist describing what proportion of families 
attend for screening following a SCD or SCA. Furthermore, as most of the 
studies were conducted in tertiary hospitals, where most patients were 
screened in specialist ICC clinics, referral filter bias is unavoidable. The 
majority of papers included in our review were of a retrospective cohort 
design, which carries an inherent bias. Except for two studies that drew 
from national registries [7,12], all others lacked sufficient sample size, 
which may lead to an underestimation of diagnostic yield. Measurement 
bias is low in most of the studies, clearly stating protocols for clinical 
evaluation of family members and diagnostic criteria in accordance with 
current guidelines. Evaluations were conducted in ICC clinics in tertiary 
hospitals by experienced specialists.

4.6. Limitations

Different understandings and definitions of the terms involved exist 
within the medical and scientific community, leading to inconsistency 
across the literature. SCA, UCA, IVF and others may be used inter
changeably or be assigned specific definitions. For this review, all terms 
were included in the search strategy to capture all available literature. 
The difference in terminology causes heterogeneity in study design. The 
definition of a ‘SADS’ death varied across the studies; some employed a 
more stringent definition, whereas others exhibited a greater degree of 
flexibility in their criteria for inclusion. One included study used the 
term Sudden Unexpected Death (SUD) interchangeably with SADS [12]. 
The lower age range is almost universally agreed to be one year old (with 
any deaths below this age termed SIDS or SUDI). One study [23] set the 
lower age limit for inclusion at 4 years old. However, the reason for this 
was not given. The upper age limit also varies between definitions, with 
included studies defining this as between 35 and 64 years old.

By design, this study describes the diagnostic yield of clinical 
screening alone, as diagnoses made through genetic testing were not 

within the scope of this systematic review. In clinical practice, diagnosis 
in relatives of SADS or UCA probands occurs through a combination of 
clinical and genetic testing, and existing literature suggests that 
including genetic diagnoses would have likely increased the overall 
yield of ICC diagnoses [4].

All included studies were performed in Western countries; half of the 
included studies are from the UK, with the remaining coming from 
Denmark, Spain, Canada, and Ireland. This review focussed on the 
clinical cardiac investigation of relatives and did not include studies 
where diagnoses were made due to predictive genetic testing or yield of 
molecular autopsy. In practice, these are often performed concurrently, 
but this review aimed to describe the yield from clinical evaluation only. 
Additionally, missing data and heterogeneity of reporting in selected 
studies were a limitation as it precluded a meta-analysis being 
conducted.

5. Conclusion

The three conditions most frequently diagnosed in relatives were 
LQTS, Brugada syndrome, and CPVT, highlighting the need for relatives 
to be screened at a tertiary ICC center with the ability to perform 
ajmaline provocation and exercise testing in order that these conditions 
are not missed. Additionally, a quarter of all ICC diagnoses in relatives 
were cardiomyopathies despite reportedly normal autopsies in the 
probands, suggesting the need for expert cardiac pathology review in 
cases of sudden death. It may also act as a reasonable indication to 
continue to screen first-degree relatives beyond a one-off assessment, 
given the age-related penetrance of cardiomyopathies, particularly as it 
relates to pediatric-age patients.

Whilst there is a clear indication for clinical screening of first-degree 
relatives for ICCs following a SADS death or an UCA, a lack of well- 
designed population-based studies means that the evidence base sup
porting when or how relatives should be screened is not robust. The 
reported diagnostic yield varies considerably, with no significant dif
ference between SADS and UCA cohorts, and a similar yield in pediatric 
and adult relatives. This supports systematic screening for all first- 
degree relatives regardless of age. No studies were found which 
described clinical screening in relatives of SIDS or SUDI cases.
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