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Abstract 

Background 

The burden of sudden cardiac death (SCD) in the general population is substantial and SCD 

frequently occurs among people with few or no known risk factors for cardiac disease. Reported 

incidences of SCD vary due to differences in definitions and methodology between cohorts. This 

study aimed to develop a method for adjudicating SCD cases in research settings and to describe 

uniform case definitions of SCD in an international consortium harmonizing multiple longitudinal 

study cohorts.  

Methods 

The harmonized SCD definitions include both case definitions using data from multiple sources 

(e.g. autopsy reports, medical history, eyewitnesses) as well as a method using only information 

from registers (e.g. cause of death registers, ICD-10 codes). Validation of the register-based 

method was done within the consortium using the multiple sources definition as gold standard 

and presenting sensitivity, specificity, accuracy and positive predictive value (PPV). 

Results 

Consensus definitions of 'definite', 'possible' and 'probable' SCD for longitudinal study cohorts 

were reached. The definitions are based on a stratified approach to reflect the level of certainty of 
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diagnosis and degree of information. The definitions can be applied to both multisource and 

register-based methods. Validation of the method using register-information in a cohort 

comprising 1335 cases yielded a sensitivity of 74%, specificity of 88%, accuracy of 86%, and PPV of 

54%. 

Conclusions  

This study demonstrated that a harmonization of SCD classification across different 

methodological approaches is feasible. The developed classification can be used to study SCD in 

longitudinal cohorts and to merge cohorts with different levels of information.  

 

Keywords 

Sudden cardiac death, case definition, longitudinal cohort, epidemiology 

Highlights 

- We propose categorizing SCD into definite, probable, and possible depending on the level of 

information and certainty of diagnosis 

- The method allows a transparent harmonization of longitudinal study cohorts with different sources of 

information 

- It is possible to adjudicate SCD using ICD-codes with reasonable specificity and sensitivity 
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Introduction 

In general, sudden cardiac arrest (SCA) has two distinct outcomes: Sudden cardiac death (SCD) or 

aborted SCD (i.e. sudden cardiac arrest survivors). Studies of cardiac arrest report a wide range of 

incidences depending on whether SCA, SCD, or both are counted. Half of these fatal events in the 

general population occur in apparently healthy individuals with no or few known risk factors of 

SCD(1–5). According to the most recent estimations, SCD is responsible for between 5% and 20% 

of all deaths in the adult general population(3,4) and has an incidence in the range of 50-150 per 

100,000 person-years(1,4,6).  

Approaches to SCD ascertainment range from diagnosis code algorithms (International 

Classification of Diseases, ICD-coding) to prospective collection of cases, and with varying 

definitions of SCD(3–5,7,8). This difference in methodology leads to diverging estimates of the SCD 

burden in similar populations(3). Moreover, this lack of harmonization hinders collaborative 

analyses of studies to advance the knowledge on risk factors of SCD and strengthen the evidence 

base for prevention of SCD. Therefore, valid identification of cases in the general population is 

imperative to achieve a clear SCD phenotype that is possible to harmonize and examine across 

nations, contexts, and studies(9–11). So far, this has been hampered by a lack of a comprehensive 

definition as well as large-scale collaborative efforts. 

The “European Sudden Cardiac Arrest network: towards Prevention, Education, and New Effective 

Treatments (ESCAPE-NET)” consortium is an international research collaboration with the main 

aims of improving the knowledge on SCA and increasing the survival after SCA(12,13). One of 

ESCAPE-NET’s main projects concerns the study of longitudinal cohorts with an outcome of SCA or 

SCD to improve the preventative strategies and investigate possible SCD predictors.  
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The aims of this study were; i) to give an overview of generally used definitions of SCD, ii) to 

develop a stratified definition based on accepted criteria while accounting for variations in 

availability of data across cohorts, iii) to apply this definition to a longitudinal cohort using multiple 

sources of information, iv) to validate a method using only cause of death diagnoses, and finally v) 

to present the longitudinal study cohorts in the ESCAPE-NET.  
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Methods 

Harmonization of the longitudinal cohorts in ESCAPE-NET revealed a need for a shared definition 

of SCD. We examined definitions recognized by authoritative professional associations and 

definitions used in selected published studies on SCD. We then outlined potential uncertainties in 

these definitions, which can give rise to different estimates between cohorts with different 

methodologies. These previous definitions serve as the basis for the proposed method in this 

paper. The first draft was circulated in the consortium in late 2019 and was afterwards discussed 

among representatives of the longitudinal cohort partners. In autumn 2020 a final definition was 

agreed upon by relevant partners in the consortium.  

Data sources 

ESCAPE-NET comprises four longitudinal cohort studies initiated between 1977 and 2015 from 

three EU countries: 1) Denmark, Copenhagen City Heart Study (CCHS), Capital Region of 

Denmark(14), 2) France, Paris Prospective Study 3 (PPS3), Université de Paris(15), and 3) the 

Netherlands, The Hoorn Studies (HS)(16), 4) Hoorn Diabetes Care System (DCS)(17), Amsterdam 

UMC. CCHS, PPS3, and HS examine cardiovascular disease in the general population, while the DCS 

examines cardiovascular disease in a population of people with type 2 diabetes (T2DM). These 

cohorts differ from each other regarding sample sizes, follow-up durations, gathered data, and 

data storage. For several decades, participants have been examined with both clinical 

measurements and questionnaires and subsequently followed for, among other outcomes, SCD. 

Sources of information used for follow-up in the cohorts differed, but national registers (e.g. cause 

of death, prescription, hospital admissions), medical records, and information collected for study 
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purposes were available to different extent. Further information about each study is available in 

the supplementary material (detailed description and overview in two tables).  

The proposed method of adjudicating SCD was applied to the Danish cohort CCHS, which uses all 

available written information, including data from Danish high-quality death certificates(18,19), 

prior diagnoses, and discharge summaries. To validate the SCD adjudication method, it was also 

applied to a subset of the Dutch ARREST registry (AmsteRdam REsuscitation STudies), which 

prospectively records out-of-hospital resuscitation attempts and studies determinants of outcome 

and risk factors of sudden cardiac arrest(20). The ARREST registry excludes arrests from the most 

obvious non-medical causes (e.g. trauma or drowning). To make the ARREST registry comparable 

to an SCD-register, we restricted the cohort to persons with a registered death date from one day 

before (to take errors in registration into account) to two days after the cardiac arrest date. Cause 

of death diagnoses were obtained through linkage with Statistics Netherlands. We also measured 

the sensitivity while excluding persons with a non-cardiac cause of death-diagnosis for better 

comparison with SCD-cohorts. 

 

Statistics 

Counts are presented as n (%). Incidence rates were calculated by dividing the number of SCDs by 

total person-time at risk. Incidence rates are reported along with exact Poisson confidence 

intervals. Using multiple source method as the gold standard, the register-based method was 

validated using standard calculations for sensitivity, specificity, accuracy, and positive predictive 

value. Participants with incomplete death certificates were excluded. Statistics were done using  

SAS Enterprise Guide 7.15. 

 

                  



SCD in longitudinal cohorts 

8 
 

Sources of funding 
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programme under acronym ESCAPE-NET, registered under grant agreement No 733381, and the 

COST Action PARQ (grant agreement No CA19137) supported by COST (European Cooperation in 

Science and Technology).  

                  



SCD in longitudinal cohorts 

9 
 

Results 

Overview of the generally used definitions 

At present, a generally accepted definition of SCD, recognized by most authoritative professional 

associations across the world is “a sudden, unexpected, and natural death due to a cardiac 

cause”(21–23). While this definition outlines the circumstances of death, it lacks the elaboration of 

timing and cause. So while the definition of SCD ought to be uniform across study populations as a 

clinically relevant endpoint, varying methods of ascertaining SCD cases have previously been used 

due to different interpretations(4,24,25). 

Different time spans have been used to describe the term “sudden”. For the past decades, 

"sudden" has been used when a witnessed case dies within 1 hour from a change in cardiovascular 

status, or when an unwitnessed case is found dead within 24 hours from being last seen alive and 

functioning normally(3,5,22,26,27).  

An "unexpected" death implies that an individual had no diseases that were expected to lead to a 

non-sudden death, generally including terminal illness and severe disease(4,5,28). For instance, 

malignancy does not by itself exclude a person from being an SCD case, but it must not be part of 

the chain of events leading to SCD, and the underlying or immediate cause of death. If national 

registries are available, a registered terminal illness may be observed in morbidity registries, and if 

not, studies have used information from death certificates, available hospital records, or family 

members(4,5,18,28,29).  

"Natural death" is a non-violent death with no evidence of self-inflicted cause, trauma, or toxic 

drug overdose. Especially drug overdose can be difficult to assess if no obvious signs are seen 
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(empty pill bottles or medical intravenous needles) or without statements from relatives, and 

underestimations of these cases have been described(5). 

A "cardiac cause of death" should ultimately rely on autopsy findings as the gold standard. 

However, the autopsy rate has been steadily decreasing from 25.2% (range 4.6%-43.1%) in 1989 to 

13.6% (range 1.8%-74.1%) in 2015 for all deaths in the European Union(30). For instance, in the 

three countries where the longitudinal cohorts of ESCAPE-NET derive from, the latest registered 

forensic autopsy rate for all deaths in Denmark was 3.9% in 2012 and in the Netherlands it was 

1.9% in 2017, while no national autopsy rate is available for France(30). Combining the low 

autopsy rate in Europe with around 50% out-of-hospital cardiac arrests and SCD being 

unwitnessed(31,32), the cause of death becomes more indefinite. If no autopsy is performed, the 

cause of death is based on the circumstances up until the time of death and the prior medical 

history, which makes it more difficult to distinguish, e.g., a myocardial infarction from a stroke in 

an unwitnessed case with no apparent medical history or symptoms preceding death. 

SCD researchers are in the dilemma of either having well-phenotyped and small cohorts or larger 

but less specific cohorts when it comes to SCD. This balancing act of either being precise but 

restrictive or accommodative but less precise promotes either an under- or overestimation of the 

true incidence, resulting in differing incidence rates between studies.  

Sources of information 

In general, different types of information have been obtained in observational studies of SCD:  

1) A multisource method using all available information where prospectively collected cases have 

been adjudicated by pre-specified criteria for autopsy, contact to eyewitnesses or next of kin, as 

well as an examination of medical records and death certificates. This demands a large setup and 

is often only feasible in limited geographic areas and relatively small study populations.  
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2) A retrospective multisource method would use all available written information, such as death 

certificates, autopsy reports, medical records, and administrative claims data (data for billing, 

insurance, or quality control purposes), however is affected by autopsy rate and quality of death 

certificates. If a multisource method is not possible, register-based studies using data from 

administrative claims databases and studies using only ICD-codes from the cause of death 

registers or morbidity registers could be performed. These type of register-based studies have 

been done with different methods and results(33–35) and previous studies have found that by 

using only death registry-information, the burden of SCD is overestimated. The lack of confirmed 

suddenness of death contributes, at least partly, to the inclusion of too many cases(3,36). Studies 

limiting the SCD cases to only emergency medical services (EMS) attended deaths underestimate 

the true incidence of SCD. This is due to the exclusion of all in-hospital cardiac arrests and most of 

unwitnessed deaths, where resuscitation is rarely initiated, and unwitnessed deaths have been 

shown to account for up to 40-50% of SCD cases(4,28). 

 

Development of the proposed method 

Considerations of the authors 

The general consensus was that the definition of SCD should deal with the timing as well as the 

observed or presumed cause of death. The timing of SCD should be consistent with previous 

definitions, but it should at least consider the inclusion of unwitnessed cases. Regarding the cause 

of death, the underlying pathophysiology of SCD in the adult population is heterogeneous, as it is a 

combination of structural, functional, and electrophysiologic factors. In addition, SCD affects both 

people with known cardiac disease and presumably healthy persons, as over half of the SCD cases 
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in the general population are without any previously diagnosed cardiac disease. The definitions 

should not only include the persons with an autopsy or EMS care, as only a small fraction of all SCD 

cases are autopsied, and EMS attendance varies across cohorts. Terminal or severe disease (except 

for severe heart failure) should exclude a person if it cannot be ruled out that the disease itself 

was part of the underlying or immediate cause of death. This includes terminal illnesses such as 

cancer, dialysis-dependent end-stage renal disease, or end-stage chronic obstructive pulmonary 

disease. 

Furthermore, the definition should consider that SCD-cases typically are a heterogeneous group, 

where witnessed cases with an identified dysrhythmia are merged in the same category as 

unwitnessed presumed cases. Subcategorization of SCD that differentiates cases based on 

available information gives more depth and transparency in the provided data. Finally, the ideal 

method for harmonizing SCD across cohorts has a practice that considers what information is 

available in each cohort. Thus, definitions should allow for both multisource and register-based 

adjudication of SCD. 

We limit the definitions to non-survivors, though some previous studies(3) have included SCA 

survivors (aborted SCD). This should be taken into consideration when interpreting the results in 

studies derived from the ESCAPE-NET SCD cohorts. 

 

The proposed method of defining sudden cardiac death  

The definition of sudden cardiac death is based on varying degrees of available information in 

cohorts in the ESCAPE-NET consortium (see descriptions in the supplementary material table 1 and 
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2). To accommodate these variations, we subcategorized SCD into three categories: ‘definite’, 

‘probable’, and ‘possible SCD’ (Table 1):  

1) ‘Definite SCD’ is a sudden death in a person with either an autopsy confirming the cardiac 

cause, an autopsy with unknown cause of death after extensive investigation, or a death 

with confirmed ventricular arrhythmia preceding death.  

2) ‘Probable SCD’ is a sudden death in a person in usual health with presumed cardiac origin 

after review of all available information where no autopsy has been performed. 

Furthermore, there is an established time frame (see below) from change in cardiovascular 

status to death.  

3) ‘Possible SCD’ is a sudden death in a person in usual health with presumed cardiac origin 

after review of all available information where no autopsy has been performed.  

For these cases the time frame from change in cardiovascular status to death is not fully 

established. 

This definition is applied to the cohorts using a multisource method. When a time frame is 

available, the applied time frame for witnessed cases is an acute change in cardiovascular status 

leading to death within 1 hour, and for unwitnessed cases, the deceased was seen alive and 

functioning normally within 24 hours before being found dead. All persons included as ‘possible 

SCD’ were free of any severe and/or chronic diseases expected to result in an impending non-

sudden death. Accordingly, patients with a severe or terminal illness can be classified as ‘definite’ 

or ‘probable SCD’ if an autopsy or established time frame is available. All deaths occurring in-

hospital are categorized as non-SCD, unless an autopsy or a death certificate concludes that the 

death clearly was sudden and unexpected in a person hospitalized for a non-severe disease. 

Therefore, for multisource method cohorts, all cases in the ‘possible SCD’-category died out-of-
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hospital. These categories are weighting the probability of SCD considering the amount of 

available information.  

Cohorts using a register-based approach (i.e. primarily information on ICD-codes of prior 

diagnoses and cause of death) are missing the time frame of multisource cohorts, and almost all 

SCD cases from these cohorts will be categorized in the ‘possible SCD’-category; an autopsy or 

other information about the death can recategorize a case (however, this information is rarely 

available in registers). SCD adjudication is performed using a comprehensive list of ICD-codes. 

These comprised inclusion and exclusion codes for SCD (listed in Table 2). An SCD case is a case 

with an inclusion ICD-code and with no exclusion code. Thus, cases with ICD-codes indicating a 

terminal disease or acute non-cardiac disease as the underlying or immediate cause of death were 

excluded. These ICD-codes were selected by experience and subject matter knowledge of the 

authors and by weighing the probability of SCD versus non-SCD for different ICD-codes while 

keeping methods from other studies in mind(3,33,34,37). 

 

Application of the proposed method 

SCD subcategories in the ESCAPE-NET consortium 

The CCHS included 14,562 Danish adults between the years 1993 to 2016. By applying the 

proposed method to the individual cohorts, we found in the CCHS, where a multisource method 

for ascertaining SCD cases was used, a total of 8,555 deaths (flowchart, supplementary figure 1). 

Of those, 161 cases were excluded due to missing or incomplete information. The remaining 8,394 

cases were reviewed and 1335 of these were classified as SCD (16% of total mortality). 

Subcategorization gave the following SCD subgroups: 105 (8%) definite SCDs, 438 (33%) probable 
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SCDs, and 792 (59%) possible SCDs. The incidence among persons aged 40-90 years during 2012-

2016 was 399 SCDs per 100,000 person-years (95% confidence interval = 330-478).  

Validation of the register-based method 

The register-based method using inclusion and exclusion ICD-codes was validated in the CCHS 

cohort using only deaths registered with ICD-10 codes (years 1994-2016). This yielded a sensitivity 

of 76%, specificity of 86%, accuracy of 85%, and positive predictive value (PPV) of 51% in the entire 

period (Table 3). Restricting the period to the most recent five years of observation, the sensitivity 

was 83%, specificity 90%, accuracy 89%, and PPV 55%. 

In the ARREST registry (n = 3869 (flowchart, supplementary figure 2)), the ICD-code method 

classified 2,389 persons as SCD resulting in a sensitivity of 61.7%. However, even though obvious 

non-cardiac causes have been excluded, resuscitation attempts may be performed in patients who 

were later judged to have a non-cardiac cause of death. If we presume that patients with a cause 

of death ICD-code of chronic obstructive pulmonary disease/emphysema (n = 101), pneumonia (n 

= 24), cancer (n = 112), diabetes (n = 166), sepsis (n = 12), and gastrointestinal bleeding (n = 28) 

were true non-SCD and exclude these cases (cohort size now 3,426), the sensitivity of the method 

improves to 69.7%.  
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Discussion 

The development of a standardized method for harmonizing SCD cases, both in multisource 

cohorts and in register-based research cohorts, was the focus of this paper. We have defined a 

method for merging SCD cases from different study designs without losing essential information in 

the process. The accuracy of the SCD phenotype is key when combining the different study designs 

with different data sources. Therefore, an SCD subcategorization was implemented to make the 

underlying data more transparent. Furthermore, we implemented a method for register-based 

SCD cohorts, which showed reasonable sensitivity and specificity when validating the method 

internally in the ESCAPE-NET consortium. 

Without an autopsy, SCD ascertainment will in most cases be subjective and our method accounts 

for the level of certainty in assessing cases. Depending on the scientific question, researchers 

might want to analyze only definite SCD-cases with the highest probability of being a true SCD, or 

researchers might want to also include probable or possible SCD-cases thereby capturing a higher 

proportion of SCD-cases. 

As described above, definitions have been published before. However, our method is not in 

disagreement with prior methods but elaborates on the previous methods. For instance, Fishman 

et. al in a report from National Heart, Lung, and Blood Institute from 2010(38) proposed 

subcategorizing into “established SCD” and “probable SCD” accounting for level of certainty. We 

have made small adjustments of definitions and added “possible SCD” allowing for cases without 

certain timeframes. The major addition we have made is the subcategorization, which is the 

improvement needed to allow transparent reporting and harmonization across different cohorts. 
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Estimating sudden cardiac death incidence 

Register-based methods might overestimate the incidence of SCD. In our definitions, we have 

accommodated this by excluding people with diseases that most likely are not associated with 

SCD. We excluded terminal and chronic illnesses, but we acknowledge that the definitions might 

still overestimate the true burden. Still, when validating the register-based method in a 

multisource SCD cohort within the consortium, we found a relatively high specificity. 

The cause of sudden death is cardiac in most cases with coronary artery disease being the cause in 

75% of all SCD in the adult population(6). But as seen in previous autopsy studies, non-cardiac 

sudden death accounts for up to 40% of all sudden deaths(5,18,28). As there is no evidence of an 

increase in the autopsy rates in most European countries, the gold standard is unachievable in 

most cases. With low autopsy rates, the cause of death is deduced from medical records, 

circumstances and treatment surrounding the death, resulting in a best-qualified guess. From our 

perspective, the SCD subcategorization increases the transparency of the underlying data thereby 

clarifying potential limits to the research. As seen in the results, the subcategorization was feasible 

in the CCHS. Studies only including register-based SCD cases will only be able to add possible SCD 

cases, but not probable SCD, to the merged database due to the proposed SCD definitions where 

the time frame is of importance.  

 

Perspectives  

As phenotypically well-defined cases are grouped, it is possible to do preliminary research on the 

individuals with high certainty with a subsequent analysis, to confirm the possible findings in the 

pooled cohort. We showed that a stratified definition can be successfully applied to harmonize 

complex outcomes across different studies and contexts. With the resulting immense amount of 
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longitudinally harmonized data, we can broaden the knowledge regarding SCD pathophysiology 

with available data on symptoms, medical health, psychosocial aspects, socioeconomic status, 

clinical tests, and genetic data. Furthermore, since the cohorts have been conducted in different 

countries beginning at various points in time, we are able to investigate the burden of SCD over 

many decades.  

Moreover, preventative measures in the general population are warranted, as most SCD occur in 

this setting(6). Especially the discriminative ability and predictive validity of risk prediction models 

are of interest(11), as many risk factors for SCD overlap with the risk factors for non-sudden 

cardiac death(39). Further addition of other longitudinal SCD cohorts in the ESCAPE-NET 

consortium is planned in near future. 

 

Limitations  

Although we believe our method and the harmonization of cohorts poses many advantages, there 

are still limitations. Our collaboration originates in European countries and the methods is created 

with knowledge about European registers and health-care systems. In other geographical areas or 

systems, the method might not be directly applicable. However, we believe the categorization 

allows for flexible and transparent adjudication in most cases. For example, in some countries 

there might be substantial delay in reporting, which needs to be considered. 

The register-based method has its limitations primarily in the lack of timeframe and circumstances 

of death. If one needs SCD cases with high certainty, using only ICD-codes is not possible. The 

method is applicable in cases where there is no further information and, in that case, have 

acceptable performance. Another subset of ICD-codes could be chosen and, perhaps, show higher 

specificity with lower sensitivity. However, this would require further studies. 
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The long-lasting time period of investigations makes it possible to investigate temporal trends of 

SCD and changes in risk factors’ effect on the incidence. However, researchers must be cautious to 

examine the temporal trends, as the diagnostic criteria for diseases have changed over time as 

well as risk factors’ influence, and these differences may vary between nations. Improvements in 

treatment and modifiable risk factors during the study periods have changed the prevalence of 

causes and incidences of SCD (e.g., reduction in the incidence of coronary heart disease(40)). For 

instance, as the CCHS was initiated in 1976, the investigated population is not directly comparable 

to studies started in e.g. 2009 with regards to risk factors, both in their prevalence as well as 

methods of measuring. We will take this change into consideration in future statistical analyses. 

The cohorts described above include only SCD, so a temporal or geographical difference in survival 

after cardiac arrest will influence incidences. A combination of SCA and SCD cohorts could 

potentially alleviate these differences and could be used to answer different scientific questions. 

Studies in the USA have investigated the different approaches for examining SCD cases and found 

the retrospective approach using USA death certificates to overestimate the SCD incidence(3,5). 

Initiatives should be done to improve the cause of death reporting and increase autopsy rates and 

alternative measures such as post-mortem imaging(41).  

Lastly, in the register-based cohorts, we included a few SCD cases whereby it was uncertain if the 

SCD occurred outside the hospital. However, this concerns a limited number of cases and will 

therefore only have a small influence on the reliability of the data. 
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Conclusions 

Harmonization of international SCD cohorts is possible and provides great research potential. A 

new SCD definition with subcategorization allows us to compare different cohorts with 

transparent reporting and without loss of information. 
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Tables and Figures 

Table 1. Proposed method of defining sudden cardiac death. 

SCD 

subcategory 

Timeframe Criteria for cause of death 

Definite SCD Sudden death Autopsy confirming cardiac cause or 

unknown cause after extensive investigation  

OR 

Confirmed ventricular arrhythmia preceding 

death. 

Probable SCD Sudden death 

  

Witnessed: < 1 hour from symptoms 

Unwitnessed: < 24 hours from seen 

functioning normally 

Presumed cardiac origin, in a person in usual 

health, after review of all available 

information  

Possible SCD Presumed sudden death 

Timeframe not fully established 

Presumed cardiac origin, in a person in usual 

health, after review of all available 

information 

 

Note: As the register-based method do not take timeframes into account, this method can only adjudicate 

‘possible SCD’. A multisource method can adjudicate all three categories. 
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Table 2. International Classification of Diseases (ICD-codes version -9 and -10) used for 

defining possible sudden cardiac death. 

Inclusion criteria:  

 ICD-9 ICD-10 

Angina pectoris 413 I20 

Atherosclerosis 440 I70 

Atrial fibrillation 427.3 I48 

AV block and conduction disorders 426 I44-I45 

Cardiac arrest and sudden cardiac death 427.5 I46.0, I46.1, I46.9 

Cardiac dysrhythmia  427.6-427.9 I49 

Cardiomyopathy 425 I42-I43 

Cardiovascular disease 429 I51 

Chronic ischemic heart disease 414 I25 

Heart failure, acute, ‘acute on chronic’, and 

‘not otherwise specified’ 

428.0, 428.20, 428.1, 

428.23, 428.31, 428.33, 

428.41, 428.43 428.9 

I50.1, I50.21, I50.23, 

I50.31, I50.33, I50.41, 

I50.43, I50.9 

Heart valve disease 394-397, 424 I34-I39 

Hypertensive disease 401-402 I10-I11 

Myocardial infarction 410 I21, I22, I23 

Other acute/subacute ischemic heart disease 411 I24 

Sudden death and found dead 798 R96, R98, R99 

Thoracic aortic dissection  441.01 I71.0, I71.1 

Ventricular fibrillation or flutter 427.41-427.42 I49.0 

Ventricular tachycardia 427.0-427.2 I47 

 

Exclusion criteria:  

 ICD-9 ICD-10 

Abdominal aortic dissection 441.02, 441.03  I71.3, I71.5 

Accidents and trauma E00.0-E99.9 V01-Y99 

Acute respiratory disease 460-466, 480-488 J1-J2 

Alzheimer’s, Parkinson’s, and other 

neurodegenerative and motor neuron diseases 

330-349 G1-G3 

Anemia and blood disease 279-289 D5, D6, D7, D8 

Other aneurysms  442 I72 

Cachexia 799.4 R649 

Cancer 140-239 C00-C99, D38.1 

Chronic liver disease 570.0, 571 K70, K72, K73, K74 

Chronic Obstructive Pulmonary Disease 491-493 J42-J44 
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Dehydration 276.5 E86 

Dementia 290 F00-F03 

Gastrointestinal bleeding 538, 557, 569.8, 578 K55, K92 

Kidney disease, chronic 585-586 N189, N199 

Myopathies 359 G71 

Peri- and endocarditis 420, 421  I30-I33 

Pulmonary embolism 415.1 I26 

Pulmonary edema 514, 518.4 J81 

Senility and fatigue 780.7 R53-R54 

Sepsis 003.1, 020.2, 022.3, 

027.0- 027.1, 038, 039, 

112, 670 

A021, A207, A227, A267, 

A327, A40-A41, A427, 

B377, O85 

Stroke 430-438 I6 
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Table 3. Adjudication of sudden cardiac death (SCD) according to method. 

Register-based 

Multisource 

Total Non-SCD SCD 

Non-SCD 5,845 301 6,146 

SCD  924 960 1,884 

Total 6,769 1,261 8,030 

 

                  


