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Aims Sudden arrhythmic death syndrome (SADS) refers to a sudden death, which remains unexplained despite comprehensive 
post-mortem examination and a toxicological screen. We aimed to investigate the impact of age and sex on the overall diag-
nostic yield and underlying aetiology in decedents with SADS using a combined approach of familial evaluation (FE) and mo-
lecular autopsy (MA).

Methods 
and results

Consecutive referrals to a single centre for FE only, MA only or both, following a SADS death were included. First-degree family 
members underwent comprehensive FE and decedents with post-mortem DNA were sequenced with a 36 cardiac gene panel for 
MA. A Bayesian framework for analysis was performed to identify associations. Among 760 SADS decedents (66% male; mean age 
31 ± 12 years) the overall diagnostic yield for an inherited cardiac condition was 37% (32–42%) and 9% (6–12%) for FE and MA 
cohorts. In a subset where both FE and MA were performed the diagnostic yield was 45% (38–61%). The relative risk of an FE 
diagnosis of long QT syndrome (LQTS) or Catecholaminergic polymorphic ventricular tachycardia (CPVT) vs. remaining unex-
plained declined by 5.6% [RR 0.94 (0.91–0.98)] and by 11% [RR 0.89 (0.81–0.97)], for each year increase in age. Females were more 
likely to have a diagnosis by both FE [40% (34–45%) vs. 36% (31–41%)] and MA [15% (10–21%) vs. 6% (3–8%)]. Females [8.1% 
(4.1–13.4%)], were more likely to be diagnosed with LQTS than males [1.2% (0.2–2.7%)] in the MA cohort.

Conclusion After a SADS death, the diagnostic yield of comprehensive FE, MA, or both in an expert setting can be up to 45% with a 
combined approach. Females had higher diagnostic yield than males, most notable with LQTS. CPVT and LQTS diagnoses 
declined with increasing age. These data highlight the relative utility of FE and MA depending on age and sex for determining 
underlying diagnoses following SADS deaths.

Lay summary • The diagnostic yield of comprehensive FE, MA, or both following a SADS death, in an expert setting can be up to 45%.

• Females are more likely to have an underlying inherited cardiac condition diagnosis following a SADS death.

• Younger age of death is associated with greater likelihood of LQTS and CPVT diagnosis with the highest yield in children 
and adolescents.

• Female sex in SADS decedents is associated with a higher yield of LQTS in MA.

* Corresponding author. Tel: +442087252994, Email: ebehr@sgul.ac.uk
† These authors contributed equally to the study.
© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, 
distribution, and reproduction in any medium, provided the original work is properly cited.
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Graphical Abstract

SADS Decedents
Unexplained post-mortem

Molecular Autopsy 
Decedent

Clinical Evaluation in 
Family members

9% 37% 

Combined 
FE + MA

45%
• RR of underlying  diagnosis ↓ by 11% (FE) 

for each year increase in age
• Highest yield 0-10yrs (FE 50%)
• Underlying diagnosis more likely in 

women FE: 40% (f) vs 36% (m)

• RR of underlying  diagnosis ↓ by 12% 
(MA) for each year increase in age

• Highest yield 0-10yrs (MA 30%)
• Underlying diagnosis more likely in 

women MA: 15% (f)  vs 6% (m)
• LQTS more common in females (MA) 

8.1% vs 1.2%

Keywords Unexplained sudden death • SADS • SCD • Age • Gender

Introduction
Sudden arrhythmic death syndrome (SADS) refers to a sudden death,1,2

which remains unexplained despite comprehensive post-mortem exam-
ination and a toxicological screen.3–5 Contemporary studies suggest that 
SADS may account for up to 40% of sudden deaths in young (<35 years) 
individuals.5 Familial clinical evaluation (FE) and post-mortem genetic 
testing [‘molecular autopsy’ (MA)], have the potential to identify an in-
herited cardiac condition (ICC) in a significant proportion of decedents, 
with most diagnoses attributed to inherited arrhythmia syndromes, in-
cluding long QT syndrome (LQTS), Brugada syndrome (BrS), and cate-
cholaminergic polymorphic ventricular tachycardia (CPVT).1

The potential to identify underlying ICCs in asymptomatic family 
members, who may also be at risk of fatal arrhythmias, has led to updated 
guidelines recommending FE of first-degree relatives of the decedent and 
MA, following a SADS death, to prevent further tragic sudden deaths in a 
family.6,7 Proposed clinical protocols and gene panels have differed 
between studies historically, leading to disparities in the reported 
diagnostic yield and the conditions identified in the decedents.5,8,9

Irrespective of the decedent’s demographics and circumstances of death, 
most families undergo a similar clinical evaluation for underlying ICCs. 
Though there are some studies reporting differences in baseline demo-
graphics for individuals with ICCs, such as a higher prevalence of CPVT in 
younger patients, no studies to date have reviewed the differences be-
tween yield of underlying diagnosis for SADS deaths, according to the 
age and sex of the decedent. A more personalized approach to the evalu-
ation of SADS families may be more clinically applicable.

We investigated two consecutive cohorts of SADS decedents and 
their families who were referred to our clinic for evaluation. The ob-
jective of this study was to assess the impact of age and sex of the de-
cedents on the diagnostic yield and underlying aetiology of SADS deaths 

using FE in first degree family members and MA in post-mortem deoxy-
ribonucleic acid (DNA). The diagnostic yield for the combined ap-
proach was evaluated in a smaller subset of these cohorts who had 
undergone both diagnostic methods.

Methods
Case selection
SADS cases were defined as: (i) an unexplained death, (ii) in an individual 
aged 1–64 years, (iii) with no known prior cardiovascular disease, (iv) 
who died within 1 h of symptom onset, or an unwitnessed death with 
the decedent having been seen in good health within 24 h of death, (v) 
with no cause of death identifiable on comprehensive coronial and/or car-
diac autopsy, and (vi) negative toxicology.3,5,10 This retrospective cohort 
study included two different cohorts: (i) consecutive referrals for FE at 
the St George’s and Lewisham Hospitals, United Kingdom, tertiary referral 
Cardiogenetics clinics between 2009 and 2017 and (ii) consecutive referrals 
for autopsy at the Cardiac Risk in the Young (CRY) Centre for Cardiac 
Pathology at Royal Brompton Hospital (2007–11) and St George’s, 
University of London (2012–17) with DNA suitable for MA. Cases where 
cardiac autopsy identified a structural heart disease, such as cardiomyop-
athy or those with non-specific structural changes on cardiac autopsy, 
such as idiopathic left ventricular hypertrophy or idiopathic fibrosis were 
excluded from the study. Consent was obtained from decedent next of 
kin. The study was approved by St George’s University of London ethics 
(#10/H0803/121, #17/LO/0747).

Familial evaluation
First-degree family members of SADS cases were assessed using a uniform in-
vestigation protocol to identify underlying ICCs as previously described.10

Clinical history, physical examination, baseline electrocardiogram (ECG) 
with standard (4th intercostal space), and high-lead (2nd and 3rd intercostal 
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space) placement, echocardiogram and 24-h Holter monitoring were offered 
to all relatives. Exercise testing was performed in relatives over the age of 16 
years, and where possible in younger patients at a paediatric unit. If there was 
suspicion of underlying structural heart disease, cardiac magnetic resonance 
imaging was performed. If no diagnosis was established family members 
were offered drug provocation testing using a class I antiarrhythmic agent 
[Ajmaline 1 mg/kg (maximum 100 mg) over 5 min]. Further investigations 
were undertaken at the respective physician’s discretion.11 Standard clinical 
diagnostic criteria for ICCs were used.1,12,13 Brugada syndrome diagnoses 
were also stratified according to the Shanghai consensus diagnostic scoring 
system.14 Decedents were allocated the highest score available in their family: 
definite/probable BrS (score ≥3.5); possible BrS (score 2–3); and low probabil-
ity (<2).

Molecular autopsy
SADS decedents with appropriate post-mortem DNA samples (in most cases 
fresh spleen tissue) available were sequenced using next-generation sequen-
cing. Sequencing was performed using the SureSelect system (Aligent 
Technologies, Santa Clara, CA, USA) or Illumina TruSight Cardio system 
(Illumina, San Diego, CA, USA). Variants were restricted to those with minor 
allele frequency <0.001 in genome aggregation database (gnomAD) and non- 

truncating variants in TTN were excluded. Rare variants in 36 major channelo-
pathy and cardiomyopathy genes (see Supplementary material online, Table 
S1) validated to be associated with ICCs and available in the 
CardioClassifier software (http://www.cardioclassifier.org) were reviewed 
and manually curated (B.G.) for pathogenicity using the American College of 
Medical Genetics and Genomics (ACMG) criteria.15–17 A pathogenic or likely 
pathogenic variant was deemed diagnostic of the cause of death. Loss of func-
tion SCN5A variants were deemed diagnostic of BrS.

Statistical analysis
All the variables in the final dataset were explored using graphics, summarized 
according to their nature and by diagnostic method in Table 1. The two co-
horts (FE and MA) were analysed separately. There were 407 participants 
evaluated by FE, and 424 evaluated by MA. A subset of 71 was tested through 
both diagnostic methods and therefore was part of both cohorts in the 
analysis.

The outcome of a diagnosis by FE was defined as unexplained, or ‘ex-
plained’, consisting of either BrS, LQTS, CPVT, or cardiomyopathy, in families 
subjected to FE only, or by FE ± MA in the 71-patient subset subjected to 
both. The outcome of a diagnosis by MA was defined similarly in decedents 
subjected to MA only, or by MA ± FE in the same 71-patient subset. These 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Cohort characteristics

Demographic Overall  
(n = 760)

FE cohort  
(n = 336)

MA cohort  
(n = 353)

Combined MA + FE cohort  
(n = 71)

Sex P = 0.61

Male 505 (66) 228 (68) 233 (66) 44 (62)

Female 249 (32) 108 (32) 120 (34) 27 (38)
Missing 6 4 (1) 2 (1) –

Age overall mean 31 ± 12 29 (12)a 

27(20, 36)b 

(1,64)c

33(12)a 

31(23, 41)b 

(1, 64)c

30 (12)a 

29 (22, 37)b 

(1, 52)c

P < 0.001

1–10 years 20 (3) 10 6 4

11–20 years 154 (20) 86 56 12
21–30 years 226 (30) 99 105 23

31–40 years 192 (25) 83 91 18

41–50 years 109 (14) 32 65 12
51–64 years 52 (7) 19 30 3

Missing 7 (0.9) 7 – –

Symptoms prior to death 182 (24) n/a
Palpitations 58 (8) 33 17 8

Syncope 83 (11) 42 33 8

Chest pain 45 (6) 17 21 7
Unknown-missing 97 (13) – – –

Family history of sudden death 111 (18) 60 (17) 42 (12) 9 n/a

Unknown-missing 141 (19) – – –
Number of first degree relatives evaluated 3 (2)a 2.9 (1.9)a – 3.7 (1.6)

Number of relatives with a diagnosis 0.6 (1)a 0.6 (1)a – 0.6 (1)a

Final cause of death
Unexplained 578 (76) 215 (64) 324 (92) 39 (55) P < 0.0001

Brugada syndrome 109 (14) 86 (26) 6 (1.6) 17 (24) P < 0.0001

Long QT syndrome 41 (5) 22 (6.5) 12 (3.4) 7 (9.8) P = 0.04
CPVT 13 (2) 5 (1.5) 6 (1.6) 2 (2.8) P = 0.73

Cardiomyopathy 19 (3) 8 (2) 5 (1.4) 6 (8.4) P = 0.002

FE, familial evaluation; MA, molecular autopsy; CPVT, catecholaminergic polymorphic ventricular tachycardia.
Data shown as mean (%) except: amean (SD); bmedian (IQR); crange.
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outcomes denoted the cause of death in SADS decedents. Continuous and 
categorical baseline characteristics were analysed using one way ANOVA 
and χ2, respectively.

The analytical strategies evaluated the overall yield of FE- and 
MA-diagnoses using multinomial logistic models on an outcome defined 
by the cause of death by FE or MA assuming that the group that remained 
unexplained represented a clinical category. The yields were then investi-
gated for the effects of sex and age, and then by both simultaneously. 
Circumstances of death were also assessed but incomplete data prevented 
meaningful analysis and are not presented. The analysis produced age and 
sex-dependent specific risks of each diagnosis for FE or MA. We opted 
for a Bayesian framework for statistical inference (non-informative priors 
were used throughout) using Markov chain Monte Carlo estimation meth-
ods which allowed estimation of the posterior distribution of the relative 
risk ratios (RRR) for the effect of age, sex, or both on the risk of one cause 
of death vs. another.

The posterior distribution of the estimates has been summarized by their 
means and their uncertainties were assessed by their corresponding 95% 
credible intervals (CIs). In the Bayesian framework, a 95% CI associated 
with a RRR which did not contain 1, was considered a significant result. 
This approach accommodated missing responses in the data under missing 
at random assumption. We also derived cause-specific predicted probabilities 
of a specific diagnosis and all collated ‘explained’ diagnoses and presented 
them overall, by age, sex and by both in tables and graphically. Age dependent 
FE- and MA-estimated yields and their uncertainty were plotted against the 
corresponding observed proportions in 10 year groups. Elementary data pro-
cessing, summaries and appropriate tests have been executed using Stata 17 
(StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX, 
USA: StataCorp LLC) but the core of the modelling work has been implemen-
ted in OpenBUGS (https://www.mrc-bsu.cam.ac.uk/software/bugs/).

Results
Cohort characteristics
Demographic and clinical characteristics for the SADS cohort are detailed 
in Table 1. A total of 760 SADS decedents were included in the study. 

There were 407 participants in the FE cohort, 424 in the MA cohort, 
and 71 in both cohorts. The majority were male (67% FE and 65% MA) 
with a mean age at death of 29 years in FE cohort and 32 years in MA co-
hort. The diagnostic flowchart of the study cohort is shown in Figure 1. 
The cohort’s breakdown is shown in Supplementary material online, 
Figure S1.

Diagnostic yield and underlying cause of 
death
The estimated yield of explained FE-diagnoses is 37% (32 and 42%) 
based on the 407 patients who underwent FE and 149 receiving an ex-
plicit cause of death. The estimated yield of explained MA-diagnoses is 
8.8% (6 and 12%) based on 424 patients who underwent MA and 35 
receiving an explicit cause of death (Figure 1). There were 35 pathogenic 
and likely pathogenic variants (see Supplementary material online, 
Table S2) and 145 variants of uncertain significance identified in the co-
hort (see Supplementary material online, Table S3).

In the 71 decedents, who were evaluated with both the FE and MA 
modalities, a diagnosis was established in 32 equating to a diagnostic 
yield of 45% (95% CI; 38%, 61%); 26 (36.6%) diagnosed by FE only, 4 
(5.6%) diagnosed by MA only and 2 (2.8%) diagnosed by both modalities. 
Sensitivity analysis showed no bias attributed to the combined cohort.

Impact of sex on the diagnostic yield of 
inherited cardiac conditions
An underlying diagnosis of an ICC was more likely to be identified in female 
SADS decedents compared with males by both FE [40% (34–45%) vs. 36% 
(31–41)], and MA [15% (10–20) vs. 6% (3–8%)] (Figure 2A and B). The 
increased likelihood of a diagnosis in female decedents was present 
across most ICCs (see Supplementary material online, Table S4) and 
was most evident with the diagnostic yield of LQTS on MA [8.1% 
(4.1–13.4%) vs. 1.2% (0.2–2.7%)].

Figure 1 Flowchart of study cohort.
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Impact of age on the diagnostic yield of 
inherited cardiac conditions
The yield of an ICC diagnosis by FE was highest in the youngest dece-
dents (Figure 3A), with an observed 50% yield in 0–10 years group. The 
yield of an ICC diagnosis by MA was also highest in the youngest dece-
dents (Figure 3B), with an observed 30% yield in 0–10 years group. Both 
age-specific diagnostic yields had a decreasing trend with age with the 
yield of FE being 40% in 11–20 year olds and ∼30% in >20 year olds 
and the MA yield being around 10% in those >10 year old. For each 
year increase in age, the relative risk ratio of an ICC diagnosis declined 
by 11% [RRR 0.89 (0.81–0.97)] for FE and by 12% [RRR 0.88 (0.81– 
0.94)] for MA.

There was an inverse age-related association for the overall diagnos-
tic yield of LQTS (10% for ages 0–10, 7% for ages 11–20, and ∼5% for 
>20 years). This was due to reduced probability of a LQTS diagnosis by 
FE, with the relative risk ratio declining by 5.6% [RRR 0.94 (0.91–0.98)] 
for each year increase in age. The relative risk of LQTS diagnosis with 
MA was similar across age groups (Figure 4A and B). There was also 
an inverse age-related association for the overall diagnostic yield of 

CPVT, which was consistent across both FE and MA. For each year in-
crease in age, the relative risk of a CPVT diagnosis declined by 11% 
[RRR 0.89 (0.81–0.97)] for FE and by 12% [RRR 0.88 (0.81–0.94)] for 
MA (Figure 4C and D, see Supplementary material online, Table S5).

When adjusting for the combined effect of age and sex, results re-
mained similar with a reduction of the diagnostic yield of LQTS (from 
FE) and CPVT (from both MA and FE) with advancing age.

Diagnosis of Brugada syndrome and the 
significance of the Shanghai score
The diagnosis of BrS was similar across all age groups of decedents. 
When the BrS diagnoses were stratified according to the relatives’ high-
est Shanghai score, 16 were identified with definite/probable BrS 
(score ≥ 3.5), 45 with possible BrS (score 2–3) and 48 with a low like-
lihood of BrS. The probability of diagnosing BrS by Shanghai score was 
associated with advanced age, with a relative risk ratio increase of 7.8% 
(2.5–14%) for every year for possible vs. low likelihood, and a relative 
risk ratio increase of 11% (4–19%) for every year for definite vs. low 
likelihood (Figure 5).

A B

Figure 2 Likelihood of a sudden arrhythmic death syndrome death remaining unexplained is greater in males across all ages by familial evaluation (A) 
and by molecular autopsy (B).

A B

Figure 3 Overall diagnostic yield for sudden arrhythmic death syndrome deaths remaining unexplained after investigation, reduces with increased 
age at time of sudden death in both familial evaluation cohort (A) and molecular autopsy cohort (B).
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Discussion
This study explored the largest cohort of autopsy negative sudden un-
explained deaths (SADS) to date, incorporating 760 decedents aged be-
tween 1 and 64 years and showed an overall diagnostic yield of an 
underlying ICC of up to 45% by a combined approach of FE and MA. 
The yield was 37% by FE alone and 9% by MA alone. Inherited arrhyth-
mia syndromes formed the bulk of the diagnoses with both approaches. 
Brugada syndrome accounted for 70% of the ICC diagnoses by FE, with 
LQTS, CPVT, and BrS all identified fairly evenly in the MA cohort. 
Importantly, our study indicates that a targeted approach to the evalu-
ation of SADS decedents is possible as both age and sex of the decedent 
had a significant influence on the diagnostic yield by both FE and MA. 
Younger decedents were more likely to receive a diagnosis of LQTS 
or CPVT and female sex was associated with a higher diagnostic yield 
of ICCs, particularly LQTS.

A key finding of this study is that our combined approach of FE + MA 
provides a diagnostic yield of up to 45% following sudden death in the 
young. This diagnostic yield is higher than has been suggested in previ-
ous studies highlighting the importance of the targeted combined ap-
proach. Hayashi et al.18 have reviewed the spectrum of epidemiology 
of sudden death with their quoted yield up to 29%. They also highlight 
the age variation with increased yield of ICC in young sudden deaths, 
and lower yield in sudden death over 35, due to the rapid rise of cor-
onary artery disease associated deaths in this age group. Our study 

showed a significant inverse association between the age of death 
and a diagnosis of CPVT or LQTS. This is congruent with patient co-
horts where a higher risk of arrhythmic events were observed in young-
er probands of CPVT.19,20 Indeed, the relative risk of CPVT diagnosis 
reduced by 11–12% for each year increase of age and the yield of 
CPVT diagnosis by either FE or MA was minimal for decedents of 
both sexes over the age of 25 years. Similarly, the relative risk of 
LQTS diagnosis by FE reduced by 5.6% for each year increase of age 
and a diagnosis of LQTS was rare for deaths occurring over the age 
of 40 years. Whilst CPVT is known to have a higher prevalence in chil-
dren and adolescent sudden deaths, this is the first study to our knowl-
edge, which shows increased age over 40 years leads to a lower 
likelihood of a death being due to LQTS.

Our data indicate that after a SADS death there is a greater likelihood 
of identifying an ICC in women rather than men. This was the case across 
both investigative approaches and all conditions. The sex discrepancy 
was more evident in the MA arm where female decedents were three- 
fold more likely (15.3 vs. 5.5%) to exhibit a pathogenic or likely pathogen-
ic variant. The difference was particularly striking for the presence of 
pathogenic or likely pathogenic variants related to LQTS with a seven- 
fold difference in females (8.1%) compared with males (1.2%). Our re-
sults mirror findings from a large cohort of over 1700 LQTS patients 
where female sex was an independent risk factor for life-threatening ar-
rhythmias with a hazard ratio of 1.7 compared with male patients.21 Our 
results do not support the findings of Priori et al.22 who showed that 

A B

C D

Figure 4 The age-dependent yield of the diagnosis by familial evaluation (A and C ); and by molecular autopsy (B and D) for the diagnosis of long QT 
syndrome (A and B) and catecholaminergic polymorphic ventricular tachycardia (C and D) (data shown with 95% CI).
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males with RYR2 variants were more likely to experience events than fe-
males but the numbers in the CPVT group were small and results should 
be interpreted with caution. Our data suggests that MA is an important 
part of the diagnostic armamentarium following a SADS death in a female 
decedent given the higher diagnostic yield of up to 15.3% in our cohort.

These results also reflect the larger size and higher frequency of 
overall unexplained deaths in the male sub-group of SADS decedents. 
Aetiologies for these unexplained SADS cases where male sex predo-
minates, remain to be defined, including any yield of genetically and clin-
ically inscrutable forms of idiopathic ventricular fibrillation, early 
repolarization syndrome and short-coupled Torsades-de-Pointes and 
non-cardiac disorders such as sudden unexpected death in epilepsy 
(SUDEP).23–25

Employing the proposed Shanghai diagnostic scoring system in 
relatives of SADS decedents diagnosed with a type 1 Brugada pattern 
resulted in the downgrading of most diagnoses to possible or low like-
lihood. This is due to the impact of systematic Ajmaline provocation 
testing on the clinical yield of BrS, as reported in our earlier study.10

There were, however, no differences in associated decedent character-
istics across the three main diagnostic probability groups, other than a 
younger mean decedent age in the low likelihood sub-group. This may 
reflect that more severe cases presenting at a younger age are more 
likely to have greater polygenic or oligogenic susceptiblity,26 and sug-
gests that adjustments to the Shanghai scoring system will be necessary 
in order to diagnose and manage these families correctly. Furthermore, 
given the similar proportion of BrS diagnoses in younger and older age 
groups, greater recognition of the potential risk of paediatric BrS is re-
quired although the absolute numbers of paediatric deaths due to BrS is 
much lower than in adults.27

Our results indicate when the autopsy is unexplained; there is a role 
for a targeted approach in the evaluation of SADS decedents. Our 

study adds to the previous literature in unexplained sudden death by 
providing greater into the underlying cause based on the demographics 
of the decedent. This data also highlights the relative importance of in-
corporating a precision medicine approach following a young unex-
plained sudden death with age and gender targeted investigations a 
consideration. All but very few cases of CPVT and LQTS diagnoses 
were in the younger age group (<40 years), with BrS accounting for 
14% of the diagnostic yield in decedents ≥40 years. This underscores 
the importance of high lead ECGs and provocation testing as the 
main diagnostic tool for BrS in the older age group and suggests that 
in centres where these tests are not performed there is likely to be lim-
ited diagnostic yield for FE in decedents ≥40 years.

The diagnostic yield of MA was 8.8% in our cohort. The value of MA 
was greatest in younger decedents and in females, largely due to the 
identification of pathogenic variants related to CPVT and LQTS. This 
is important when one considers the diagnostic challenges of both con-
ditions and the potential for evidence-based interventions to reduce ar-
rhythmic risk including initiation of beta-blockers. Moreover, especially 
in CPVT where a significant proportion may be due to de novo variants, 
where first degree family members are unlikely to be at risk, MA pro-
vides the opportunity for some degree of psychological closure for 
other family members.13,28,29 Thus it is appropriate that MA is now re-
commended in SADS cases <40 years.6,7 In countries where post- 
mortem genetic testing is not readily available, our study suggests the 
highest diagnostic yield to be in those decedents who are younger, 
and therefore this study can help guide appropriate resource allocation.

Sadly, in our cohort, 111 (18%) decedents had a family history of sud-
den death, prior to their own deaths. ICCs are inherited typically in an 
autosomal dominant manner with first-degree family members having a 
50% risk of the same condition. Our results show that with the com-
bined approach of MA and FE the diagnostic yield can be as high as 

Figure 5 Diagnosis of definite/probable Brugada syndrome according to highest Shanghai score of decedents’ relatives increases with increased age at 
death.
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45%. We therefore hope that this high prevalence of a prior family his-
tory of sudden death decreases as families are referred on and investi-
gated appropriately following a first sudden death in their family using 
our approach.3,4,8,9

Limitations
The study is limited by the small numbers of decedents (n = 71) who 
were comprehensively assessed with both MA and FE, the most inform-
ative subset. Ideally confirmatory genetic testing would have been per-
formed in relatives diagnosed with a phenotype on FE to provide more 
evidence to the underlying molecular diagnosis in the deceased. In add-
ition, the low diagnostic yield of MA and the low absolute numbers of 
decedents with a diagnosis of CPVT limit the overall power of the study 
despite the large cohort size. Nonetheless, CPVT is a rare condition 
with a prevalence of 1:10 000 and the prevalence is striking within 
our cohort of 760 decedents. The number of genes included in our pa-
nel was restricted by the availability of contemporaneous sequencing 
data and the Cardioclassifier software. The addition of more genes 
may have increased yield of rare variants, but given that many of these 
would be less definite in their role in SADS, we would not have ex-
pected a significant change in yield from that currently reported.

Conclusions
After a SADS death, the diagnostic yield of comprehensive FE and MA in 
an expert setting can be up to 45% using a combined approach. Younger 
age of death is associated with greater likelihood of LQTS and CPVT diag-
nosis with the highest yield in children and adolescents. Female sex in 
SADS decedents is associated with a higher yield of LQTS in MA. 
Targeted post-mortem testing can be considered as both age and sex 
have a significant influence on the diagnostic yield of FE and MA. Based 
on these data, there was no evidence to suggest an effect of age on the 
diagnosis of BrS by either FE or MA methods. The incremental value of 
MA in diagnosing CPVT and LQTS in younger decedents supports routine 
MA in SADS cases <40 years.

Supplementary material
Supplementary material is available at European Journal of Preventive 
Cardiology.
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