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Abstract  Sudden  cardiac  arrest  (SCA)  affects  individuals  across  all age  groups  and  is defined
as the  sudden  cessation  of  normal  cardiac  activity,  leading  to  hemodynamic  collapse.  Determin-
ing the etiology  of  SCA  is challenging  due  to  its wide  range  of  cardiac  and  noncardiac  causes.
Structural heart  disease,  mainly  coronary  artery  disease,  is  predominant  in older  adults,  while
cardiomyopathies  and  primary  electrical  diseases  are  more  common  in younger  individuals.  Non-
cardiac causes,  such  as  intracranial  hemorrhage  and pulmonary  embolism,  account  for  15---25%
of cases.  This  review  examines  the  epidemiology,  etiology,  and  investigation  of  SCA  and proposes
a diagnostic  approach  for  SCA  patients  admitted  to  the  emergency  department  and intensive
care unit.  The  study  protocol  is divided  into  four  main  stages:  (1)  initial  evaluation,  identifica-
tion of  reversible  causes,  and exclusion  of  ischemic  heart  disease  and  extracardiac  disease;  (2)
assessment of  nonischemic  cardiac  causes;  (3) neuroprognostication;  and (4) clinical  autopsy
and/or genetic  testing,  if  appropriate.  We  emphasize  the  importance  of  a  multidisciplinary
approach,  involving  an  intensivist,  cardiologist,  neurologist,  geneticist,  and  pathologist,  as  well
as early  genetic  testing  to  identify  potential  heritable  diseases  and  facilitate  early  referral  of
patient relatives.  By  providing  this structured  diagnostic  algorithm,  we  aim  to  improve  the
management  and outcomes  of  SCA  patients.
© 2025  Sociedade  Portuguesa  de  Cardiologia.  Published  by  Elsevier  España,  S.L.U.  This  is an
open access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Etiologia  da  Morte  Súbita  Cardíaca:  revisão  da  literatura  e  proposta  de um protocolo

de  estudo  em  Unidade  de  Cuidados  Intensivos

Resumo  A morte  súbita  cardíaca  (MSC)  afeta  indivíduos  de  todas  as  faixas  etárias  e é definida
como a cessação  súbita  da  atividade  cardíaca  normal,  levando  ao colapso  hemodinâmico.  A
determinação da  etiologia  da  MSC é desafiante,  dada  a  existência  de múltiplas  causas  cardíacas
e não  cardíacas.  A  doença cardíaca  estrutural  (e sobretudo  a  doença  arterial  coronária)  pre-
domina  em  adultos  com  idade  mais  avançada,  enquanto  as  miocardiopatias  e  doenças elétricas
primárias  são  mais  comuns  em  indivíduos  mais  jovens.  Causas  não  cardíacas  como  a  hemorragia
intracraniana  e  o  tromboembolismo  pulmonar  representam  cerca  de  15  a  25%  dos  casos  de  MSC.
Nesta  revisão,  é apresentada  a  epidemiologia,  etiologia  e investigação  da  MSC  e é proposto  um
algoritmo  diagnóstico  em  doentes  com  MSC,  admitidos  no serviço  de urgência  e na  Unidade
de Cuidados  Intensivos.  O  protocolo  de  estudo  é dividido  em  quatro  etapas  principais:  (1)
avaliação inicial,  identificação  de causas  reversíveis  e  exclusão  de doença  cardíaca  isquémica  e
doença extracardíaca;  (2) avaliação  de causa  cardíaca  não  isquémica;  (3)  neuroprognosticação;
e (4)  autópsia  clínica  e/ou  testes  genéticos,  se  apropriado.  Enfatizamos  a  importância  de uma
abordagem  multidisciplinar,  envolvendo  as  especialidades  de Medicina  Intensiva,  Cardiologia,
Neurología,  Genética  Médica  e Anatomia  Patológica,  bem  como  a  realização  de estudo  genético
precoce, por  forma  a  identificar  doenças potencialmente  hereditárias  e facilitar  a  referenciação
precoce dos  familiares.  Com  este  algoritmo  diagnóstico,  pretendemos  melhorar  a  gestão  e  o
desfecho clínico  dos  doentes  com  MSC.
© 2025  Sociedade  Portuguesa  de Cardiologia.  Publicado  por Elsevier  España,  S.L.U.  Este é  um
artigo Open  Access  sob  uma  licença  CC BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

Sudden  cardiac  arrest  (SCA)  can  occur in any  individual,
regardless  of age,  often  without  any prior  signs  or  warnings.1

According  to  the 2022  European  Society  of  Cardiology  (ESC)
Guidelines  for  the  management  of  patients  with  ventricular
arrhythmias  and  the  prevention  of  sudden  cardiac  death,
SCA  is defined  as  the abrupt  cessation  of normal  cardiac
activity,  leading  to  hemodynamic  collapse,  and  sudden  car-
diac  death  (SCD)  refers  to  a sudden  natural  death  presumed
to  be  of  cardiac  cause.2

Determining  the etiology  of SCA  is  often  challenging,
as  the  most  frequent  causes  vary  by  age  and  population
(Table  1).  These  causes  can  be  broadly  categorized  into  car-
diac and  noncardiac  origins.  SCA  most  commonly  occurs  in
the  context  of  structural  heart  disease,  particularly  coro-
nary  artery  disease.  This  is  often  due  to the development
of  malignant  arrhythmias  such as  ventricular  fibrillation,
polymorphic  ventricular  tachycardia,  or  monomorphic  ven-
tricular  tachycardia,  leading  to hemodynamic  collapse.3,4

Currently,  it  is  estimated  that  10---20%  of all  deaths
in  Europe  are  due  to  SCD.5,6 Additionally,  approximately
300  000  people  with  out-of-hospital  cardiac  arrest  are
treated  by emergency  medical  teams  every  year, with  eight
out  of ten  cases  attributed  to a  cardiac cause.7,8 This  rep-
resents  a  major  public  health problem,  characterized  by
high  mortality  rates  and  poor  neurological  outcomes.5---9

A  comprehensive  etiological  investigation  of SCA  is  essen-
tial  to promptly  identify  and treat  the  underlying  cause,
thereby  improving  patient  outcomes.  Moreover,  investi-
gating  sudden  unexpected  death  in  the  young  presents
an  opportunity  to  prevent  further  deaths.  Many  SCA

Table  1 Major  causes  of  sudden  cardiac  arrest.

Structural  heart  disease

Coronary  artery  disease  ---  acute  and chronic  coronary
syndrome
Coronary  dissection
Coronary  vasospasm
Congenital  coronary  anomalies
Valvular  heart  disease
Hypertrophic  cardiomyopathy
Dilated  cardiomyopathy
Arrhythmogenic  right  ventricular  dysplasia
Aortic dissection
Myocarditis

Non-structural  heart  disease

QT  syndrome
Brugada  syndrome
Preexcitation  syndrome
Complete  heart  block
Polymorphic  catecholaminergic  tachycardia
Idiopathic  ventricular  fibrillation

Noncardiac  causes

Pulmonary  embolism
Ischemic  stroke
Intracerebral  hemorrhage
Airway  obstruction
Drug  overdose
Pneumothorax
Hypoxia
Anaphylaxis
Hypovolemia
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victims  have  silent  structural  heart  disease  (SHD),  primary
electrical  diseases  (PED),  cardiomyopathies,  familial  hyper-
cholesterolemia,  and  premature  ischemic  heart  disease;  SCA
is  the  first  manifestation  of  cardiovascular  disease  in 50%
of  cases.  Therefore,  screening  relatives  is  crucial  for  pri-
mary  prevention,  as  it may  facilitate  preventive  treatments
(medication,  lifestyle  changes,  defibrillator  implantation)
and  ongoing  medical  follow-up.10---12

Therefore,  we  recognize  the need for  a  structured
diagnostic  approach  for  SCA  patients.  Our  study  proto-
col  aims  to  establish  a  standardized  workflow  for  the
etiological  investigation  of  SCA  patients  admitted  to  the
emergency  department  or  intensive  care unit  (ICU),  consid-
ering  local  practices/resources  and  international  guidelines.
The  protocol  promotes  cooperation  among  clinicians  from
the  emergency  department,  ICU,  cardiology,  genetics,  and
pathology,  for the  short-  and long-term  management  of SCA
survivors  and  their  relatives.

Epidemiology

The  incidence  of SCA  significantly  increases  with  age,  under-
lying cardiovascular  disease,  and  specific  risk  factors  such as
hypertension,  hyperlipidemia,  diabetes,  cigarette  smoking,
and  a  family  history  of  coronary  disease.2 The  incidence  of
SCA  is low  during  childhood  and  young  adulthood,  reaching
values  of  50  per  100  000 person-years  between  the ages  of
45  and  75  years.2 The  highest  incidence  is  reported  during
the  eighth  decade  of  life,  at  200 per  100  000 person-years.2

Additionally,  men  have  a  two  to  three  times  higher  rate  of
SCA  compared  to  women.13 In up  to  60%  of patients  with
established  coronary  artery  disease,  SCD  is  the mechanism
of  death.  In Europe,  up  to  50%  of  all cardiovascular  deaths
are  attributed  to  SCD.2,14---18

Etiology

It is well  established  that  most  SCD  cases occur in patients
with  underlying  SHD and primarily  coronary  artery  disease
accounts  for up  to  70%  of  cases.19 According  to  the 2022
ESC  Guidelines,  different  cardiac  etiologies  should  be con-
sidered  based  on  the patient’s  age  distribution.2 In patients
<40  years,  predominant  etiologies  include  hypertrophic  and
arrhythmogenic  cardiomyopathies,  myocarditis,  congenital
coronary  anomalies,  and  congenital  heart  diseases.2,19---24

However,  SCA  can  occur in patients  without  any  documented
SHD,  with  reported  incidences  of up  to  12%  in  patients
younger  than  40---45  years,  mainly due  to  PED.25---27 In  older
patients,  coronary  artery  disease  is  the  predominant  cause
of  SCA,  occurring  in the setting  of  an acute  coronary  syn-
drome  or  due  to chronic  coronary  artery  disease,  with
formation  of myocardial  scar tissue  and  subsequent  develop-
ment  of  malignant  arrhythmias.  Other  common  nonischemic
SHDs  include  valvular  heart  disease  and heart  failure.19---28

Between  15  and  25%  of SCA  cases are due  to  noncardiac
causes  such  as  bleeding,  drug overdose,  trauma,  intracranial
hemorrhage,  pulmonary  embolism,  or  airway  obstruction
(Table  1) and should  be  investigated  according  to  clinical
presentation.29,30

If  the cause  of  SCD  remains  unknown  after  negative
pathological  and toxicological  assessment,  it is  classified  as
sudden  arrhythmic  death  syndrome.2,25,26

Protocol overview

The  rationale  for creating  and  implementing  our  study  pro-
tocol  is  the  need  to  promptly  identify  and  treat  the  cause
of  SCA  to  improve  post-resuscitation  care, a  key determi-
nant  of  survival.  Additionally,  having  an etiologic  diagnosis
facilitates  the  screening  and  follow-up  of  relatives.  There-
fore,  we  aimed  to  create  a standardized  tool  to  provide
a comprehensive  and systematic  approach  to  SCA  patients
(Figure  1).

The  evaluation  of  an SCA  patient  begins  immediately
after  resuscitation  and initial stabilization.  Our  protocol
encompasses  the  different  evaluation  stages  of  SCA/SCD
patients  and  highlights  the  most  appropriate  diagnostic
tests/procedures  at  each  stage.  The  evaluation  of  SCA
patients  is  divided  into  four stages.  Although  presented
sequentially,  some stages  can occur  simultaneously  if appro-
priate:

•  Initial  evaluation  and  identification  of  reversible  causes
•  Assessment  of  nonischemic  cardiac  causes,  including

advanced  cardiac diagnostics  and multidisciplinary  review
•  Neurologic  assessment  at  least 72  hours  post-resuscitation
• Clinical  autopsy  and/or  genetic  testing  with  referral  to

medical  genetics  for  patients  and  relatives  where  a car-
diac  heritable  disease  is  present  or  suspected.

Initial evaluation  and identification of
reversible causes

In  the  first  stage  of the protocol,  which  focuses  on  assessing
reversible  causes  (both  cardiac  and  noncardiac),  a  12-lead
electrocardiogram  (ECG)  with  right  and  posterior  precordial
leads  should  be obtained  immediately  after  resuscitation.
This  should be repeated  if necessary  to  exclude  acute
coronary  syndrome  and  identify malignant  arrythmias  or
abnormalities  suggestive  of PED.  In this context,  retriev-
ing  previous  ECGs  and  ECGs  from  pre-hospital  emergency
services  may  provide  important  information  regarding  the
circumstances  of  SCA.

Since  the  majority  of SCA  are unwitnessed,  in the absence
of  cardiac  monitoring,  the  exact cardiac  rhythm  is  often
difficult  to  establish.31 The  presence  of  implantable  car-
diac  devices  (pacemakers,  defibrillators,  or  resynchronizers)
can  aid in  this  diagnosis  and  should  be interrogated.  Most
episodes  are  attributed  to  ventricular  arrhythmias,  and in
minority  of  cases,  bradyarrhythmia  is  responsible,  often
associated  with  nonischemic  cardiomyopathy  or  noncardiac
causes.32---38

As  a readily  available  and  noninvasive  diagnostic  tool,
a  bedside  transthoracic  echocardiogram  should  be  per-
formed  immediately  to  exclude  reversible  causes  of  cardiac
arrest,  such  as  cardiac  tamponade,  and  significant  SHD (e.g.,
major  valve  disease,  coronary  artery  disease,  and  cardiomy-
opathies),  which  can  be present  in up  to  90%  of  patients  with
SCD.39,40 Left  ventricle  dysfunction  may  initially  be present
solely  due  to  myocardial  stunning  induced  by  SCA  and

693



J.  Cravo,  D. Inácio  Cazeiro,  O. Moldovan  et  al.

Figure  1  Sudden  cardiac  arrest  study  protocol.
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resuscitation  maneuvers.  Therefore,  a complete  echocar-
diogram  should  be  repeated  48---72  hours  after admission.41

Careful  history  taking  (with  patient  and/or  relatives)  is
warranted  and  should  focus  on  identifying  ‘‘red  flags’’  of
cardiac  origin  (e.g.,  absence  of  prodromes,  chest  pain,  past
history  of  heart  disease,  family history  of  SCD)  or  noncar-
diac  origin  (e.g.,  headache  and seizures,  new  neurological
deficit,  shortness  of  breath,  risk  factors for  pulmonary
embolism,  known  respiratory  disease).  The  clinical  history
should  also  consider  the ingestion  of toxins/illicit  drugs
and  precursor  events/triggers  in PED,  such as  fever or  pro-
arrhythmic  medication.2,42

Blood  samples  should  be  collected  for  toxicology  screen-
ing,  as  it  may  reveal polypharmacy  or  drug overdose  in up
to  56%  of  cases,  especially  in young  patients.2

According  to  the 2023  ESC  Guidelines  for  the mana-
gement  of acute  coronary  syndromes,  urgent  invasive
coronary  angiography  is  recommended  in patients  with
resuscitated  SCA  who  are estimated  to  have high  proba-
bility  of  acute  coronary  occlusion  (e.g.,  12-lead  ECG with
persistent  ST-segment  elevation  (or  equivalent)  or  hemody-
namic/electrical  instability  in  the absence  of  ST-segment
elevation).43---47 In  the  absence  of  such findings,  the  deci-
sion  to  perform  ICA should be  individualized.  Based  on  data
from  several  recent  randomized  controlled  trials,  routine
urgent  ICA  is  not  superior  to  a delayed  invasive  strategy,
in  the  absence  of  ST-segment  elevation  (or  equivalents)
or  hemodynamic  and/or  electrical  instability  and is  there-
fore  not  recommended.  In  these  cases,  patient  management
in  an  urgent  setting  should  be  directed  to  exclude  the
most  common  noncardiac  causes  followed  by ICU  admission
and  clinical  stabilization.48---53 ICA  should  be  considered  in
the  latter  stages  of  management  in SCA  survivors,  using,
if  needed,  advanced  coronary  imaging  techniques  (optical
coherence  tomography/intravascular  ultrasound)  or  intra-
coronary  provocative  tests,  to  exclude  coronary  artery
disease,  coronary  dissection,  coronary  anomalies,  and  coro-
nary  vasospasm  with  higher  sensitivity.39,40,54---57

If there  is clinical  suspicion  of  noncardiac  origin,  brain
and  chest  imaging  with  computed  tomography  scan  should
be  performed  in  the  acute  setting  to  exclude  intracranial
hemorrhage  and  pulmonary  embolism,  respectively.  These
entities  are the  two  most  common  noncardiac  causes  of  SCA
and  should  be  managed  urgently.43,58

Assessment of nonischemic cardiac causes

The  second  stage  of  the protocol  focuses  on  investigation  of
patients  with  a  negative  preliminary  etiologic  study  and no
evidence  of  ischemic  disease.  In such  cases,  a more  com-
prehensive  echocardiogram  should  be  performed,  and  other
advanced  imaging  modalities  (mentioned  below)  should  be
considered.

Approximately  5---10% of SCD  survivors  have  no evidence
of  a  noncardiac  etiology  or  SHD.25 In  these  patients,  the  diag-
nosis  of  PED  is  more  likely.25 Continuous  cardiac  monitoring
and  daily  12-lead  ECG  (including  Brugada  leads)59 during  sta-
ble  rhythm are  recommended  to  look for  characteristic  ECG
findings,  such  as  long  or  short  corrected  QT  intervals,  preex-
citation  syndromes,  early  repolarization,  epsilon  waves  and

Brugada  patterns,  which  may  aid in  establishing  a definitive
diagnosis.39,60

At  this  stage  of  the  protocol,  we  recommend  blood  col-
lection  for  genetic  testing.54,61,62 We  included  this step early
in  the  protocol  to  systematically  guarantee  that  a sample
is  preserved,  allowing  for  the establishment  of  a possi-
ble  genetic/hereditary  diagnosis,  with  implications  for  both
patients  and  their  relatives.

Neuroprognostication at  72  hours
post-resuscitation

Neuroprognostication  is  crucial  for  making  informed  deci-
sions  about  patient  care,  including  the  potential  for  recovery
and  the  appropriateness  of  continuing  life-support  mea-
sures.  In patients  who  remain  comatose  after  the return
of  spontaneous  circulation  (about  50%),  assessment  of brain
injury  and  neuroprognostication  are of utmost  importance,
since  they  may  impact  the medical  team’s  decision  to  pursue
additional  investigation.63 These  patients  should  undergo
daily  neurological  examination  to  ascertain  the  extent  of
neurological  impairment  that  resulted  from  the SCA.63

Current  evidence  suggests  that  during  the  first  72  hours
post-SCA,  no  combination  of  diagnostic  tests  results  and/or
clinical  signs  can  reliably  predict  neurological  outcomes.63,64

Therefore,  72  hours  post-SCA  is  the  temporal  hallmark  used
to  start multimodal  neuroprognostication,10 and  to  deter-
mine  which  diagnostic  tests  should  be pursued,  especially
when  the  decision  to  withdraw  life-sustaining  measures  is
made.63,64

Current  guidelines  recommend  assessment  of  neuroprog-
nostication  with  daily  neurological  examination,  continuous
/  routine  electroencephalography  (EEG),  non-contrast  com-
puted  tomography  (CT)  of  the  brain  and, if available,
somatosensory  evoked  potentials  (SSEP)  and magnetic  reso-
nance  imaging  of the brain  with  diffusion  weighted  imaging
(MRI-DWI)63.  Predictors  of  good  outcome  include  motor
response  withdrawal  /  localization;  absence  or  small,  iso-
lated  lesions  on  MRI-DWI  2-7 days from  return  of  spontaneous
circulation  (ROSC);  continuous  background  <12  hours  from
ROSC  or  reactive  background  <24  hours  from  ROSC  on  EEG
and  N20 amplitude  >  4�V on  SSEP  >48  hours  from  ROSC63.
Regarding  predictors  of  poor  outcome,  the  clinical  picture
must  be consistent  with  severe,  widespread  brain  injury  and
one  of  the  following  should be present:  absent  pupillary  light
response  bilaterally  >72  hours  from  ROSC; bilateral  absent
N20  waves  on  SSEP  >48 hours  from  ROSC;  diffuse  pattern
of  loss  of  grey  white  differentiation  and  sulcal  effacement
on CT >48  hours  from  ROSC;  diffuse  pattern  of  restricted
diffusion  on MRI-DWI  and  background  suppression  or  burst-
suppression  (with  or  without  periodic  discharges)  on  EEG >72
hours  from  ROSC63.

In  the presence  of  predictors  of good  neurologi-
cal  outcome  or  indeterminate  neurological  prognosis,  a
longer  period  of  support and  continued  observation  is
recommended.63 In  the  setting  of unfavorable  neurological
prognosis,  the  decision  to  withdraw  life-sustaining  mea-
sures,  involving  patients’  surrogates  and  family  members,
is  recommended.10
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If  the  patient  presents  predictors  of  good  or  indetermi-
nate  neurological  outcome  and  the etiology  of  the  SCA
remains  unknown,  further  investigation  is  warranted.  At  this
stage  of the  protocol,  we  recommend  involving  a  special-
ized  arrhythmology  team  in the investigation.  Additionally,
cardiac  magnetic  resonance  imaging  with  late  gadolinium
enhancement  allows  further  characterization  of  ventricular
morphology,  function,  and  myocardial  tissue,  as  well  as  the
presence  of  scar/fibrosis,  adding  diagnostic  value,  particu-
larly  in  cases  of concealed  cardiomyopathy.39,40

Holter  recording  over  a  period  of  24---48  hours  and  signal-
averaged  ECG  with  late  potentials  detection  can  be  useful
and might  contribute  to the  diagnosis  of arrhythmogenic
cardiomyopathy  and PED.65,66

If  the  cause  remains  unknown,  the decision  to pursue
additional  investigations  (e.g.,  electrophysiological  study  or
drug  provocative  tests)  should be  taken  after  discussion  with
a  specialized  arrhythmology  team,  and local  expertise  and
resources.

Clinical autopsy

In  cases  of unexplained  SCD,  a comprehensive  clinical
autopsy  with  extended  cardiac  evaluation  is  recommended
in  all  patients.2 Autopsy  should  include  full macroscopic
examination  and histopathology  of  all  organs.2 This  pro-
cedure  should  preferably  be  carried  out  by  a cardiac
pathologist,  since  subtle  cardiomyopathy  cases  may  be
missed  in  standard  autopsies.2 Tissue  samples  should be
collected  for  pathological  examination  and DNA extraction
for  post-mortem  genetic  analysis,  if applicable.67,68 When
an  autopsy  suggests  possible  heritable  cardiac  disease,  it
is  recommended  to  refer  first-degree  relatives  for  cardiac
assessment  at a specialized  clinic.2

Heritable cardiac disease:  genetic  testing and
family referral

Genetic  testing  can identify  cardiac  heritable  diseases,  with
diagnostic  and  management  implications  for  patients  and
their  relatives.  In  25---49%  of  cases  of SCD,  a  genetic  car-
diac  disease  can  be  identified,  especially  in  younger  patients
(<50  years).2 Additionally,  a diagnostic  yield  of an  underly-
ing  genetic  cardiac  etiology  can  range  from  18  to  53% upon
integration  of clinical  and  genetic  evaluation  of unexplained
SCD  patients’  relatives.69,70

The  widespread  use  of  genetic  testing  has allowed  expan-
sion  of  the worldwide  gene  databases,  enabling  better
management  of  SCA  survivors  and  their  families.  However,
it  should  always  be  used  with  caution  and in  recommended
circumstances,  because  its  interpretation  may  prove  chal-
lenging  due  to the existence  of a wide  range  of  gene
mutations  and variable  gene  expression  and  penetrance.

To improve  diagnostic  yield,  genetic  testing  should
be  used  if the cause  is  known  or  suspected  to  be
genetic/heritable.2 If a phenotype  is  suspected  after  inte-
gration  of  all  clinical  findings,  a  phenotype-directed  panel

should  be used,  preferably  in specialized  centers,  with  some
series  reporting  pathogenic  mutations  in  approximately  one-
third  of cases.69,70

If there  is  no  phenotype  suspicion,  genetic  testing  with
whole  exome  sequencing  is  recommended  if the decedent
is  younger  than  50  years  and/or  the circumstances  of  the
SCA  and  family  history  support the  presence  of  a  herita-
ble  syndrome.69,70 Testing  relatives  should  then  be offered
if a pathogenic  or  likely  pathogenic  variant is  identified.
Although  hypothesis-free  post-mortem  genetic  testing  using
whole  exome  or  genome  sequencing  is  not recommended
according  to  recent  guidelines,2 it is  used in  our  center  due
to  ease  of access  and  the possibility  of  reanalysis.  The  inter-
pretation  of  the results  must  involve  the medical  genetics
team.

Finally,  referral  of  patients  with  pathogenic  or  likely
pathogenic  mutations  and  their  first-degree  relatives  to
medical  genetic  evaluation  is  indicated.2 It  is  of  upmost
importance  that  clinicians  discuss  genetic  evaluation  in a
multidisciplinary  setting  (e.g.,  in  a cardiogenetics  team).
After  explaining  benefits,  limitations  and  potential  impli-
cations  to  relatives,  genetic  testing  should  be done  in a
shared  decision-making  fashion  and  considering  local  ethical
guidelines.

Conclusions

Research  into  SCA  remains  a  difficult  challenge  in daily
clinical  practice  due to  the  heterogeneity  of  cardiac and
noncardiac  causes,  often  with  complex  clinical  presenta-
tions.  Our  protocol  aims  to  address  this  problem  by providing
a structured  and comprehensive  framework  for  the system-
atic  investigation  of  SCA  etiology  in patients  admitted  to
the  emergency  department  or  ICU. We  support  a multidisci-
plinary  approach,  incorporating  various  medical  specialties
(Intensive  Care,  Cardiology,  Medical  Genetic  and  Pathology)
involved  in the care of  post-SCA  patients.

CRediT  authorship contribution statement

The  authors  João  Cravo  and  Daniel  Inácio  Cazeiro  wrote
the  manuscript  and  contributed  equally  to this  work.  The
remaining  authors  provided  their  expert  input  and  con-
tributed  to  the  revision  of the manuscript.

Ethical  considerations

No  ethical  approval  was  required.

Funding

No  authors  received  financial  support  for  the research,
authorship,  and/or  publication  of this  article.

Conflict of interest

The  authors  declared  no  potential  conflicts  of  interest  with
respect  to  the research,  authorship  and/or  publication  of
this  article.

696



Revista  Portuguesa  de Cardiologia  44  (2025)  691---698

References

1. Müller D, Agrawal R, Arntz HR. How sudden is sudden cardiac
death? Circulation. 2006;114:1146---50.

2. Zeppenfeld K, Tfelt-Hansen J, de Riva M, et  al. 2022 ESC
Guidelines for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death. Eur
Heart J. 2022;43:3997---4126.

3. Gul SS, Cohen SA, Avery KL, et  al. Cardiac arrest: an inter-
disciplinary review of the literature from 2018. Resuscitation.
2020;148:66---82.

4. Demirovic J,  Myerburg RJ. Epidemiology of sudden coro-
nary death: an  overview. Prog Cardiovasc Dis. 1994;37:
39---48.

5. de Vreede-Swagemakers JJ, Gorgels AP, Dubois-Arbouw WI,
et al. Out-of-hospital cardiac arrest in the  1990’s: a population-
based study in the Maastricht area on incidence, characteristics
and survival. J Am Coll Cardiol. 1997;30:1500---5.

6. Lynge TH, Risgaard B, Banner J,  et  al.  Nationwide burden of
sudden cardiac death: a study of 54,028 deaths in Denmark.
Heart Rhythm. 2021;18:1657---65.

7. Atwood C, Eisenberg MS, Herlitz J, et al.  Incidence of  EMS-
treated out-of-hospital cardiac arrest in Europe. Resuscitation.
2005;67:75---80.

8. Empana JP, Blom MT, Böttiger BW, et  al. Determinants of
occurrence and survival after sudden cardiac arrest --- a
European perspective: the ESCAPE-NET project. Resuscitation.
2018;124:7---13.

9. Hawkes C, Booth S, Ji C, et  al. Epidemiology and outcomes
from out-of-hospital cardiac arrests in England. Resuscitation.
2017;110:133---40.

10. Nolan JP, Sandroni C, Böttiger BW, et al. European Resuscita-
tion Council and European Society of  Intensive Care Medicine
guidelines 2021: post-resuscitation care. Intensive Care Med.
2021;47:369---421.

11. Skinner JR. Investigation following resuscitated cardiac arrest.
Arch Dis Child. 2013;98:66---71.

12. Ranthe MF, Winkel BG, Andersen EW, et  al. Risk  of cardiovascu-
lar disease in family members of  young sudden cardiac death
victims. Eur Heart J. 2013;34:503---11.

13. Kannel WB, Wilson PW, D’Agostino RB, et  al.  Sudden coronary
death in women. Am Heart J.  1998;136:205---12.

14. Kannel WB, Doyle JT, McNamara PM, et al.  Precursors of sud-
den coronary death. Factors related to the incidence of sudden
death. Circulation. 1975;51:606---13.

15. Myerburg RJ, Junttila MJ. Sudden cardiac death caused by  coro-
nary heart disease. Circulation. 2012;125:1043---52.

16. Ågesen FN, Lynge TH, Blanche P, et al. Temporal trends and
sex differences in sudden cardiac death in the Copenhagen City
Heart Study. Heart. 2021;107:1303---9.

17. Marijon E, Uy-Evanado A, Dumas F,  et  al. Warning symptoms are
associated with survival from sudden cardiac arrest. Ann Intern
Med. 2016;164:23.

18. Rea TD, Pearce RM, Raghunathan TE, et al. Incidence of out-of-
hospital cardiac arrest. Am J  Cardiol. 2004;93:1455---60.

19. Tseng ZH, Olgin JE, Vittinghoff E, et  al. Prospective countywide
surveillance and autopsy characterization of  sudden cardiac
death. Circulation. 2018;137:2689---700.

20. Winkel BG, Holst AG, Theilade J, et  al. Nationwide study of
sudden cardiac death in persons aged 1---35 years. Eur Heart J.
2011;32:983---90.

21. Risgaard B, Winkel BG, Jabbari R, et al. Burden of  sudden
cardiac death in persons aged 1 to 49 years. Circ Arrhythm
Electrophysiol. 2014;7:205---11.

22. Bagnall RD, Weintraub RG, Ingles J,  et  al. A prospective study of
sudden cardiac death among children and young adults. N Engl
J  Med. 2016;374:2441---52.

23. Wisten A, Forsberg H,  Krantz P, et al. Sudden cardiac death
in 15---35-year olds in Sweden during 1992---99. J  Intern Med.
2002;252:529---36.

24. Eckart RE, Shry EA, Burke AP, et  al. Sudden death in young
adults. J Am Coll Cardiol. 2011;58:1254---61.

25. Drory Y,  Turetz Y, Hiss Y,  et  al. Sudden unexpected death in per-
sons less than 40 years of  age. Am J  Cardiol. 1991;68:1388---92.

26. Patel K,  Hipskind JE. Cardiac arrest; 2024.
27. Henriques de Gouveia RHAM, Corte Real Gonçalves FMA. Sud-
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