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BACKGROUND: Studies reporting on the incidence of sudden cardiac arrest and/or death (SCA/D) in athletes commonly lack
methodological and reporting rigor, which has implications for screening and preventative policy in sport. To date, there are no
tools designed for assessing study quality in studies investigating the incidence of SCA/D in athletes.

METHODS AND RESULTS: The International Criteria for Reporting Study Quality for Sudden Cardiac Arrest/Death tool (IQ-SCA/D)
was developed following a Delphi process. Sixteen international experts in sports cardiology were identified and invited.
Experts voted on each domain with subsequent moderated discussion for successive rounds until consensus was reached
for a final tool. Interobserver agreement between a novice, intermediate, and expert observer was then assessed from the
scoring of 22 relevant studies using weighted and unweighted x analyses. The final IQ-SCA/D tool comprises 8 domains with
a summated score of a possible 22. Studies are categorized as low, intermediate, and high quality with summated IQ-SCA/D
scores of <11, 12 to 16, and >17, respectively. Interrater agreement was “substantial” between all 3 observers for summated
IQ-SCA/D scores and study categorization.

CONCLUSIONS: The IQ-SCA/D is an expert consensus tool for assessing the study quality of research reporting the incidence
of SCA/D in athletes. This tool may be used to assist researchers, reviewers, journal editors, and readers in contextualizing
the methodological quality of different studies with varying athlete SCA/D incidence estimates. Importantly, the IQ-SCA/D also
provides an expert-informed framework to support and guide appropriate design and reporting practices in future SCA/D
incidence trials.
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udden cardiac arrest/death (SCA/D) in athletes is  estimates of SCA/D events in athletes without the
a devastating event with widespread implications.’ appropriate population and methodological homo-
Although SCA/D is often characterized as infre- geneity across different studies to establish the clear
quent,* a lack of methodological and reporting stan- moderators driving these differences in estimates.
dardization has resulted in conflicting and far-ranging Studies extensively vary in design (prospective versus
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CLINICAL PERSPECTIVE

What Is New?

e This expert consensus process presents the
development of the International Criteria for
Reporting Study Quality for Sudden Cardiac
Arrest/Death tool.

e The International Criteria for Reporting Study
Quality for Sudden Cardiac Arrest/Death tool is
a new tool designed for assessing study quality
in incidence studies of sudden cardiac arrest/
death in athletes, providing an expert-informed
framework to support and guide appropriate
design and reporting practices in future trials.

What Are the Clinical Implications?

e This tool may assist clinicians, researchers, re-
viewers, journal editors, and readers in contex-
tualizing the methodological quality of past and
future studies with varying incidence estimates,
ultimately leading to an improved understand-
ing of sudden cardiac arrest/death frequency in
athletes.

Nonstandard Abbreviations and Acronyms

1Q-SCA/D International Criteria for Reporting
Study Quality for Sudden Cardiac
Arrest/Death

SCA/D sudden cardiac arrest/death

retrospective), numerator and denominator calculation,
inclusivity of sudden cardiac arrest cases, appropri-
ateness of the reporting window (sports-related versus
anytime SCA/D), subgroup data reporting practices
(sport and ethnicity-specific incidence), and important
confounders, such as pooling data from different age
groups and sexes.

Establishing accurate, context-specific incidence
estimates is imperative to understanding the appro-
priateness of preplanned screening initiatives and pre-
ventative policy in sport, as well as the consideration of
defibrillator placement and emergency action planning
for on-field SCA/D events. Therefore, estimate inaccu-
racy carries widespread implications. To date, there
are no tools specifically designed for assessing study
quality in studies investigating the incidence of SCA/D
in athletes. Indeed, previous systematic reviews in
this area have resorted to using customized versions
or tools that may not accurately reflect risk of bias.>®
Well-designed study assessment tools can provide
insight into the potential accuracy or context-specific
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interpretation of an incidence estimate. Furthermore,
the domains of a relevant assessment tool can provide
a comprehensive framework for appropriate design
and data reporting practices for future trials.

The objective of this international expert consensus
was to develop and validate the interobserver reliability
of a novel tool designed for assessing methodological
and reporting quality of incidence studies of SCA/D in
athletes. A Delphi process method was preplanned to
support the development of the International Criteria
for Reporting Study Quality for Sudden Cardiac Arrest/
Death tool (IQ-SCA/D).

METHODS

The authors declare that all supporting data are
available within the article (and its online supplementary
files). Institutional review board approval and informed
consent were not required for this study.

The Delphi process followed in the creation of the
IQ-SCA/D can be visualized in the Figure.”

Aims of the Tool

The primary aims of this tool are 2-fold: first, to provide
a reliable study quality assessment index of incidence
estimate trials of SCA/D in athletes; and second, to
provide an expert-informed framework to support and
guide appropriate design and reporting practices in
future SCA/D incidence trials. The rating scale of this
tool is specifically designed to provide the highest
quality scoring to those studies with the most accurate
incidence estimates of SCA/D in athletes.

Stage 1

Stage 1 involved the development of a preliminary
draft tool by the primary authors (J.E., J'O.D., and
K.H.). This preliminary draft tool was produced as an
adaptation to the most frequently used prevalence
tools, including the Joanna-Briggs Institute critical
appraisal checklist,®®8° with consideration of the
frequently cited limitations identified when applying
these tools in SCA/D incidence studies. This draft tool
can be seen in Data S1. Following this, a list of global
experts and key opinion leaders was subjectively
compiled, and each individually contacted to assess
interest. Potential experts were considered if they met
the following criteria:

e Active clinician or academic

e |dentifiable evidence of advanced knowledge/exper-
tise in the area of SCA/D in athletes (eg, through re-
search publications, clinical experience)

¢ Time availability to engage in the Delphi process
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Stage |

Preliminary Tool Development

Panel formation of 16 leading experts:
. Active clinician and/or academic
. Identifiable evidence of advanced

Stage Il

Independent Expert Tool Review

knowledge/expertise in the area of
SCA/D in athletes (through research
publications and/or clinical experience)

Initial expert panel feedback on tool design

meeting

Stage Il

thresholds via consensus

Consensus Delphi Process
- Two rounds of independent voting on each domain
- Rounds interspersed with expert panel consensus

- Development of study quality categorisation

» and individual domains: critical analysis and
directional input

_ Final expert consensus achieved on tool

Inter-rater Agreement

observers of varying expertise

Stage IV

1Q-SCA/D:

Independent scoring of 22 SCA/D studies by three

- Weighted and unweighted Kappa agreement analysis

The International criteria for reporting study
Quality for Sudden Cardiac Arrest/Death tool

" design and application

Figure. The Delphi process followed in the creation of the International Criteria for Reporting Study Quality for Sudden

Cardiac Arrest/Death (IQ-SCA/D) tool.
SCA/D indicates sudden cardiac arrest/death.

All participants accepted the invitation, with a result-
ing expert panel of 16 international expert academics/
clinicians in sports cardiology.

Stage 2

Stage 2 presented all experts with a copy of the
preliminary draft tool in which they were asked to
independently review and provide comprehensive
written feedback with critical analysis and directional
input on each domain. The primary authors then
adjusted the tool through implementation of the written
feedback ready for initialization of the Delphi process.

Stage 3: Delphi Process

Stage 3 introduced the Delphi process, consisting
of 2 rounds of anonymous panel voting on the newly
adjusted expert-informed tool. All experts received a
Microsoft Forms document (Data S2) in which they

J Am Heart Assoc. 2024;13:e033723. DOI: 10.1161/JAHA.123.033723

provided anonymous votes on each domain of the
tool.
Each domain had the following 3 voting options:

e A. “Yes, | support the category and scoring as is”

e B. “l would like to discuss the category or the scoring
further”

e C. “No, | do not support the inclusion of the category”

If >80% of the expert respondents voted “yes,”
then the domain was accepted without further dis-
cussion. If >80% of the respondents voted “no,” then
the domain was rejected without further discussion.
If neither of the above conditions was met, the do-
main was opened to further moderated discussion
in the form of a video call meeting until the 80% yes
threshold could be reached. If disagreement had
persisted, a primary dissenter or group of dissenters
would have been asked to write a short paragraph
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explaining their position to be published with the
article.

In the first Delphi round, 2 domains (Data S3) did
not meet either acceptance or rejection criteria, and
therefore these domains were discussed in a video call
meeting where all experts (both dissenters and non-
dissenters) provided input. Common discussion points
surrounded optimization of the written descriptions
and point weightings for each item listed within a do-
main. Following the moderated discussion and subse-
quent tool adjustments, the second Delphi round was
methodologically identical to round 1, with a repeat of
the voting protocol, but only on those domains not ac-
cepted in voting round 1. The second Delphi round ob-
served that the acceptance criteria were met for both
domains. As such, the resulting tool therefore reflects
the consensus recommendations made by the panel
of experts. Study quality (low, intermediate, and high
quality) categorization thresholds were also developed
through expert consensus.

Stage 4: Interobserver Reliability
Assessment

Three observers of varying expertise (novice, inter-
mediate, and expert observer) in the field of SCA/D
in athletes were identified as suitable to perform in-
dependent study assessments using the IQ-SCA/D
tool. The novice, intermediate, and expert observers
were defined according to their level of engagement
with the relevant athlete and SCA/D literature. The nov-
ice observer had no research experience in the area,
the intermediate had some experience and knowl-
edge in supporting previous work, and the expert has
led the development of multiple published studies in
the subject area. The observers were separate from
the experts who participated in the Delphi process.
Twenty-two published SCA/D incidence trials were
identified from a local database and distributed to the
observers alongside the tool.

Agreement between the observers was statistically
assessed using weighted x analyses to take into ac-
count the seriousness of the disagreement between
observers.'® Unweighted Cohen x was applied to do-
main 7 as the only domain to include 2 ordinal cate-
gories. Fleiss x was also used to assess study quality
categorization across the multiple observers in ad-
dition to the paired observer analysis. This statistical
approach has been applied in the reliability testing
and validation process of several previous assess-
ment tools.®'2 Agreement between each observer (1
versus 2, 2 versus 3, and 1 versus 3) was assessed
for each individual domain, the total summated study
scores, and study quality categorization. The level of
agreement can be described according to Landis and
Koch,® as follows: >0.81 “almost perfect” (a); 0.61 to
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0.80 “substantial” (b); 0.41 to 0.60 “moderate” (c); 0.21
to 0.40 “fair” (d); 0.00 to 0.20 “slight” and 0.00 “poor”
(e). All analyses were performed using SPSS, version
28.0.1, and results were considered statistically signifi-
cant with a P<0.05.

RESULTS

The IQ-SCA/D tool is a specialized quality assess-
ment tool for studies reporting incidence of SCA/D
in athletes. The final tool contains 8 domains of var-
ying weighting, with a total possible score of 22. A
concise summary of the IQ-SCA/D can be found in
Table 1.728 Table 22242%-47 provides study charac-
teristics and quality categorization of the 22 scored
SCA/D studies.

Domain 1: Study Design

Study design is an important feature related to quality,
and there are generally accepted levels of evidence
ranging from systematic reviews to expert opinion.
This category provides scoring based on whether the
study design is prospective or retrospective. Examples
of search strategies that would fall into each category
are provided.

Domain 2: Numerator/Strength of Case
Identification

Identifying cases of SCA/D is difficult and often limited
by the lack of mandatory reporting systems and ill-
defined athlete populations. The method used is
important and correlates with the likelihood of capturing
all cases. The accuracy of case identification is one
of the more important aspects of studies on SCA/D
and therefore weighted more heavily with 5 points.
This category attempts to rate both the accuracy of
case identification and the ability to identify athletes
specifically. Examples of methods are provided for
each category, but some studies may fit into >1
category. Points should be awarded on the basis of
the overall likelihood of the identification of all SCA/D
in athletes.

Domain 3: Denominator

The denominator of an incidence proportion is the
number of people at the start of an observation period.
Studies of SCA/D should clearly define what population
they are studying and how the group is determined.
Many studies estimate participation (ie, “there are
~8000000 high school athletes”), which can result in
either overestimation or underestimation of risk. The
denominator should define the number of individual
athletes participating during a defined observation
period. Examples of different strategies are provided.
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Table 1.

The IQ-SCA/D

IQ-SCA/D

Domain

Context

Scoring

Domain 1: study design
score

Study design is an important feature related to quality,

and there are generally accepted levels of evidence
ranging from systematic reviews to expert opinion." This
category provides scoring based on whether the study
design is prospective or retrospective. Examples of search
strategies that would fall into each category are provided

3 Points: prospective (ie, prospective active monitoring and
collection of new SCA/D cases with defined search strategy)

2 Points: prospective and retrospective (ie, uses both
prospective monitoring for new cases and retrospective review
of previous cases)

1 Point: retrospective (ie, retrospective search of media reports;
retrospective application of a search strategy; retrospective
review of autopsy records)

0 Points: retrospective survey (ie, survey to report past cases of
SCA/D)

Domain 2: numerator/
strength of case
identification

Identifying cases of SCA/D is difficult and often limited by
the lack of mandatory reporting systems and ill-defined
athlete populations.!” The method used is important and
correlates with the likelihood of capturing all cases.'®®
Research?” has shown the variable sensitivity of different
case identification approaches (eg, media reports and
insurance claims identifying only 62% and 19% of cases,
respectively), highlighting the importance of mandatory
systems/the use of multiple case identification sources.
The accuracy of case identification is 1 of the more
important aspects of studies on SCA/D and therefore
weighted more heavily with 5 points. This category
attempts to rate both the accuracy of case identification
and the ability to identify athletes specifically. Examples of
methods are provided for each category, but some studies
may fit into >1 category. Points should be awarded on

the basis of the overall likelihood of the identification of all
SCA/D in athletes

5 Points: mandatory reporting system for all cases of SCA/D in
athletes. The mandatory reporting system does not have to be
athlete specific; however, if there is mandatory reporting of a
larger population, there should be a reliable way to identify the
precise number of competitive athlete cases

4 Points: use of multiple search strategies that increase the
likelihood of case identification (>2): (post-Internet [after 2005]
media reports, other databases or registries, death certificate
records review, and other nonmandatory reporting methods)

3 Points: media reports post-Internet (after 2005) in an athlete
population likely to be documented (professional, collegiate
athletes) but without the use of other case identification methods
2 Points: media reports in a population that is unlikely to be well
documented (ie, middle-school, high school, and recreational/
noncompetitive athletes)

1 Point: reliant on recall (ie, survey) mandatory reporting
(death certificate) with unclear designation of athlete status (ie,
population database where it is difficult to accurately identify
which cases are in competitive athletes)

0 Points: methods that are unlikely to identify the majority of
SCA/D in athletes (media reports pre-Internet [2005 or before]
in isolation, catastrophic insurance claims, limited sources [ie,
newspapers| unlikely to identify all cases, review of autopsy
reports where not all SCD cases have autopsies, and does not
state how cases were identified)

Domain 3: denominator

The denominator of an incidence proportion is the number
of people at the start of an observation period. Studies

of SCA/D should clearly define what population they are
studying and how the group is determined. Many studies
estimate participation (ie, “there are about 8000000

high school athletes?®2"), which can result in either
overestimation or underestimation of risk. The denominator
should define the number of individual athletes
participating during a defined observation period.?>2°
Examples of different strategies are provided

3 Points: precisely defined (ie, registered athletes in a database,
known number of participants in a league)

2 Points: defined population but numbers may not be exact (ie,
estimates of the number of athletes in a league)

1 Point: use of a multiplier with a precisely defined population
(multipliers are sometimes used to account for multisport
athletes in a known athletic population)

0 Points: estimate (ie, estimated number of participants per year,
general population statistics, based on reported physical activity
surveys)

Domain 4: all vs Sports
Related Sudden Cardiac
Death

Sports/exercise-related SCA/D vs SCA/D that occurs

at any time of the day are different, but this is often not
recognized. Sports/exercise-related SCA/D is typically
defined as death that occurs during or within an hour of
exercise and is a subset of all SCA/D in athletes. Sports/
exercise-related SCA/D is an important metric to consider
when event planning or creating emergency action plans;
however, it should not be conflated with SCA/D that
occurs at any time, inclusive of any activity, rest, and sleep

2 Points: all SCA/D at any time regardless of activity or physical
exertion

1 Point: only sports/exercise-related SCA/D (occurring within
an hour of sports or exercise) or SCA/D that occurs during a
specific time portion of the day (ie, school or work day)

0 Points: unclear whether included cases are all SCA/D or
sports/exercise-related SCA/D

Domain 5: SCA/D vs
SCD only

Most studies of SCA/D in athletes include only SCD in their
analysis; however, the inclusion of SCA with survival is
important to understand the scope of the problem. Studies
including both SCA and SCD show that as many as 50%
athletes who experience SCA are resuscitated.?*28

3 Points: inclusive of both SCA with survival and SCD with
reliable reporting mechanisms for both SCA and SCD (ie,
prospective study with mandatory reporting of both SCA and
SCD)

2 Points: inclusive of both SCA and SCD but mechanisms for
identification (of either SCA or SCD) may not be robust

1 Point: clearly defines whether study includes only SCA or SCD
0 Points: does not define inclusion criteria

J Am Heart Assoc. 2024;13:e033723. DOI: 10.1161/JAHA.123.033723
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Table 1. Continued

IQ-SCA/D

Domain

Context

Scoring

Domain 6: age range

Grouping wide age ranges together can lead to inaccurate
estimates of the incidence of SCA/D. Population-based
studies demonstrate a peak in SCA/D in those <1

year of age followed by a relatively low rate of SCA/D

that increases again around age 15years before rising
precipitously at age 25years because of the increasing
contribution of coronary artery disease.®'®2 In those
<25years old, the primary causes of SCA/D are inherited
structural and electrical cardiac diseases.® Many studies
of SCA/D group wide swaths of ages (ie, 12-40years)

with widely varying incidence rates and causes of

SCA/D calculated together (see Table 2). For an accurate
estimation of the incidence rate, it is important that the age
grouping reflects a similar risk of SCA/D in that group

2 Points: age groups are generally aligned with risk (ie, high
school, college, 12-14, >14-18, >18-25, >25-35, >35years; or
child, adolescent, young adult, adult)

1 Point: age groups include varying risk but do not include
overlapping primary causes (ie, age 12-25years)

0 Points: wide age range with varying risk or ages grouped with
different predominant causes (inherited disorders vs coronary
artery disease) combined (ie, 12-40years)

Domain 7: sex-specific
rates

Studies of SCA/D in athletes and nonathletes alike

have consistently shown that male individuals have a
higher rate of SCA/D than female individuals. In general,
male individuals have 3-4 times higher rates of SCA/D.
Combining both male and female individuals in the same
groups artificially lowers the risk for male individuals

and increases the risk for female individuals.>'®2® There
need to be sex-specific numbers available for both the
numerator and denominator so that an incidence rate can
be calculated for both sexes

2 Points: sex-specific groups and incidence calculations possible
(including if study is only 1 sex [ie, male])
0 Points: it is not possible for sex-specific rates to be calculated

Domain 8: subgroup
reporting

There may be important subgroup risks, such as sport
or ethnicity.>2326 There needs to be ethnicity or sport-
specific numbers available for both the numerator and the

2 Points: sport and racial and ethnic incidence rates are reported
or can be calculated (including if study was only done in 1 sport)
1 Point: incidence rates are reported/can be calculated for sport

denominator

(including if study was only done in 1 sport) but not race and
ethnicity or race and ethnicity but not sport
0 Points: there is no subgroup data reporting

1Q-SCA/D indicates International Criteria for Reporting Study Quality for Sudden Cardiac Arrest/Death; SCA, sudden cardiac arrest; SCA/D, sudden cardiac

arrest/death; and SCD, sudden cardiac death.

Domain 4: All Cases Versus Sports/
Exercise-Related Cases
Sports/exercise-related SCA/D versus SCA/D that
occurs at any time of the day are different, but this
is often not recognized. Sports/exercise-related
SCA/D is typically defined as death that occurs dur-
ing or within an hour of exercise and is a subset of
all SCA/D in athletes. Sports/exercise-related SCA/D
is an important metric to consider when event plan-
ning or creating emergency action plans; how-
ever, it should not be conflated with SCA/D that
occurs at any time, inclusive of any activity, rest,
and sleep.

Domain 5: SCA/D Versus Sudden Cardiac
Death Only

Most studies of SCA/D in athletes include only sud-
den cardiac death in their analysis; however, the
inclusion of sudden cardiac arrest with survival is
important to understand the scope of the problem.
Studies including both sudden cardiac arrest and
sudden cardiac death show that as many as 50% of
athletes who experience sudden cardiac arrest are
successfully resuscitated.

J Am Heart Assoc. 2024;13:e033723. DOI: 10.1161/JAHA.123.033723

Domain 6: Age Range

Grouping wide age ranges together can lead to inaccu-
rate estimates of the incidence of SCA/D. Population-
based studies demonstrate a peak in SCA/D in those
aged <1 year followed by a relatively low rate of SCA/D
that increases again around age 15years before rising
precipitously at age 25years because of the increas-
ing contribution of coronary artery disease. In those
aged <25years, the primary causes of SCA/D are
inherited structural and electrical cardiac diseases.
Many studies of SCA/D group wide swaths of ages (ie,
12-40years) with widely varying incidence rates and
causes of SCA/D calculated together. For an accurate
estimation of the incidence rate, it is important that the
age grouping reflects a similar risk of SCA/D in that

group.

Domain 7: Sex-Specific Rates

Studies of SCA/D in athletes and nonathletes alike
have consistently shown that male individuals have a
higher rate of SCA/D than female individuals. In gen-
eral, male individuals have 3 to 4 times higher rates of
SCA/D. Combining both male and female individuals
in the same groups artificially lowers the risk for male



IQ-SCA/D

Edwards et al

(penupuoD)
pueuszimsg
000 Bupeads
2611 ‘leuonealoay $140dS JO 80140 [elJepe -uewan) ul
000 ssIMG sy} Ag uonediored e|doad e ur d0Ss
06:1 :ARedwon 69=N ans S10dS U0 ABAINS WOy pelejel-suods
Mo sjuedionted spods 65-01 01L0Z-666} ans paie|ai-spods payewnse Alanoe [eolsAyd spodal oIsualo4 ‘anjoadsoliey 469102 IUBID
000 (sseah jooyos
L'} Ileqiedseq ‘ee|\ 2L02-1L0g ubnoayl 7002 seig|uyie
0 dlews4 —-£00¢ sele|yie psyeolidnpun |ooyos ybiy
000 L2:} [[edenO S1=N JO wins) soNsnels anbes spodas | BlOSSUUIA (HOY0D
oelpswlisiul 10042s YbIH Sk ¢L0c—-€£00¢ aos+vos I |0040S UbIH e1e1S Bloseuul elpsw oljand anoadsoney ec10g J8uzalId
(@os) 000 ¥9:+ sndweo sQ3av $8}9|yie |ooyos
(@os+v0Ss) 000 €2k 71=N uo BuUlIND20 seuie | yum sjooyos ybiy ybiy ‘Aenins
Mo 10042s YbIH L=yl /002-900¢ aos+vos $8SB0 ||V Ju8pN3s Jo Jequinu pepodey 0}/L Jo Aening [BUOI108S-SS040 52600¢ 4euzaid
(pepuodsal
9ze/vve)
suonnyisul | see|ye
000 29:} [[e4onO uoIsIAIg YVYON ob9||00 {Aenins
MO 8b9//0D G=N - aos I $819|Y1E JO Jaquinu paliodey Jo AenIng aAoadsoliay 4+2500¢ Jeuzaiq
neaing snsua) Ay jo
000.Lct:} ‘esono G9¢=N ueley syi uolbey O}ousA B}
$9)9|YleUON [elonrdl pue Afe}| Jo uoibay O1eUaA BU} yyeep usppns | Ul sele|yieuou pue
000EG:| :|[e4onO GS=N JO 8SEqE}E(Q SUIDIPS\ SHodS jJo Bupiodai S9)9|Y1e {HOoy0d
ubIH S819/Uly Ge—ch ¥00¢-6.6}+ aos I\4 8y} Ul seje|yie pausisibey Asoyepuepy an09adsold 2¢900¢ OpeLI0D
000 e¥ k| lle4dnO
S9)8|YleuoN neaing snsuan Aley jo
000€6: | dewsy 80¢=N ueley sy} uolbay O}ouUsA B}
000Ly:L B8N ge—ch pue Afey jo uoibey oleuA B} yresp ueppns | Ul seie|yjeuou pue
000.%:} le1onO 1G=N 10 8segeleq duloIpa|A s1odg 10 Buiodal s9l9|yle ‘1I0Yyoo
ubIH sepe|yly Ge—ch 6661-6.6}+ aos I\4 8U} Ul seje|uie pausysiboy Aloyepuey aA108dsold 1£800¢ OpelIo]
pauaalos
9JoM OUM Sele|yre
9Lve:L =N seje|yre PaMO||0} puels| oy1oed
MO | Sejs|yje puels| di1oed Ov—0} SL0c—¢t0e aos 0G| 40 Hoyod pauled Alennoadsoid ‘9Al08ds0ld 08402 PIe1eyo
sensul
20110 [euoiBaJ ‘yoless
[e01}SIBIS [BJopo UBew.sn) BlpaW paseq Auewlan)
oy} wodj eyep uonendod o0y -gem ‘Aisibey ul sidoad |je ul
pajejodelixe pue Apnis ayepdn [euolfeN uewJan ans peiee)
000002Z}:1 wy1=N ans Ul[eaH uewJan) sy} woly 0} Buiodal -spiods 140yoo
Mo syuedjosed spods 6.-0} ¥10¢-¢t0c aos pajejel-spods payewse Ao [eoisAud Asejunjop aA}0adsold 629 +0C Wyog

Downloaded from http://ahajournals.org by on June 6, 2024

AjlIqeI|oY 19A19S (01U 10} PRIODS SIIPNIS SOUSPIOU| /YOS  “Z dlgeL

J Am Heart Assoc. 2024;13:e033723. DOI: 10.1161/JAHA.123.033723



IQ-SCA/D

Edwards et al

(penunuo)
000 §Sv:L
eje|yre
aAjedwoouou
Bunoj
000 20L:L uorrendod
eI 0S=N 9s10Joxa sN0JOBIA 819|yie aAliledwoo BunoA 90UEBI4
aAI1edwoo BUNo ge-0k JO e}esopoW Yim aewlise 0} Jodg pue yyeeH wa)sAs [eolpaul ur uole|ndod
000 /121 0z28=N aos 1o vos 1O J8ISIUIN U} WOJ) BIEp KousBlawe [elsuab 110yoo
oreIpauLIB| uoneindod eiseusr) S/-0l 0102-5002 ans+vos pajeje.-spodsg ‘soisiyels uolrendod [esousn) wouj eyeq oA10ads0ld 6ok 0T UOILB
V6. vk 90T
seje|yie 8=N $8)8|yie 18000s 0} U9810S JO 8w}
srelpauLIsu| 180008 sfew ayj3 21=Gl 9102-9661} aos I\4 8l 891 |1 JO HoYyoo peuyeq w0} Pamoj|o4 anoadsold 28+0C BAOYBN
srewusq
ul Ansibay 1usiied srewusq
000 /22 8Z=N uonendod [eseush Apnmis [euoneN pue ul uope|ndod
uojyeindod [ejeust) ge—cl oy} ul dos e sa AupigJoln pue yieaH ysiueg | ‘Anisibay yyeeq jo [eJousb pue
000€8:+ SI=N seje|yre ul g0s [euoneN 8y} woi A Ge—-9g| | 8sney ‘sereoyinied Se)a|yle :1J0yod
Mo seje|yy [elonrd 9002-0002 ans poelejei-spiodg | pebe ejdoad Jo Blep maialeiu]| yresp Jo mainey oAll0adsoeY 60102 1SI0H
000
/€11 l[eqieMseq ‘sle|N
000 ZE¢'| ereuwled
00S1:1 o[ sofisiyeis uonedioned S8)9|Yle [00YoSs
000 £9:} llesenO 70L=N SuoIeI00SSY |0040S YBIH ubly SN ‘Hoyoo
srelpauLIsu| 10042s YbIH 8l—vk €102-2002 aos/vos I\4 8]e]S JO uoheiepe4 [euoieN spodal elpaly anjoadsoney 9¢9+0g uow.eH
002S:} lleqieseq
00€G 1 Ilreqiexseq
oe|g ‘sleN
0006:+
Irecieyseq ‘sfeiN
000 9k} Moelg ‘sleiN
000
g:| 19000s ‘Bl
000 9¢'} IreqiooH
000 89:F 8HUM
000 Z:1 Moelg SuWie|o aoueInsu
000 ¢glh:} elewa olydonsereo ‘is|
000 8¢:1 ele suonnjosey YVvON sele|yie
000 €S'} l’Id3AO 6/=N VVON ‘eseqerep yorem 869|100 110y00
ubiH 8b9jj00 9z-L1 €102-€002 aos v 8y} woly eyep uohedioiied 1eeH juaied annoadsouey eGH0T UouwLeH

Downloaded from http://ahajournals.org by on June 6, 2024

panunuoy ‘g 9jqel

10.1161/JAHA.123.033723

J Am Heart Assoc. 2024;13:e033723. DOI



IQ-SCA/D

Edwards et al

(penunuo)
UiresH olignd o emnisu| Mrewueq
000 €€2:k seje|yre | [euolieN ysiued eyj wolj erep AnsiBoy ul seje|yre
aje|yie annedwoouou Aenins uo paseq pelewnse 1uBlEd [BUONEN annedwoouou
aAedwoouoN SA 8AledWwoo spewus( ul suoendod ysiueq ay} pue pue aAiedwoo
000 €tk ¥=N urdos perejel 81o|ure sAiedwoouou $81eo|NIed ‘Hoyoo
Mo 818)uy1e eAedwon se—cl 6002-2002 aos -spodg pue aAedwo) yresp Jo mainey anoedsoney ev710Z preebsiy
000
02} 11eqio0) 8NYA
000
8¢} 11eqi00} Xoelg
000 GF:1 lreqiexseq
S[e| 8NUM
00811 Ileqisxseq
8[e|\ »oe|g
000 6€:1 8.\ ®HUM
000 81 8leIN oelg
000 €¢t-} srewsy
000 S€'1 elen
000 G-} l[es8n0
EleET o)
000
Of:1 leqiexseq efe
000
721 Aexooy 891 sjey
000%0¢:| ofeweH 68=N yosessey
00v¥:1 een ¥2-8} Anful spodg
000 99:| [[IeAD 702=N seje|yre a69]|00 pue [0oyos ojydosseie) 4oy
ubiH 10040s YbIH 8=tk 18L02-¥102 ados/vos I\4 ybiy Joj Hoyoo paulyep seH Jejue) [euoneN anoedsold z+c0g uosieled
BloseuulN ‘Aunod uidsuuseH
10} 8nbesa |0oyos ybiH e1e1s
000 Lekk BJOSBUUIN 8} pue ‘sonsiels
e1o|yy uoleonp3 4o} Jeyuad [euoeN
000 6E:1 /2=N ‘uolieonpg Jo Juswiedsq | Jeujwex3 [eolpan 110400
Mo 8]8|yjeuoN gc—vh ¥102-0002 aos I BJOSBUUIN 8y} wol) ereq 8y} JO spiodsy anjoadsoey 2v9+0C UoIle\
(sere1yre
0 elewsa+ podspNwW Jo} JUNODOE 0} ©°Z sele|yie
000 £8:1 e 10 10108} UOISIBAUOD Buisn SREIN jooyos ybiy
000 0G| [[edon0 e1=N pajewnss) sofsiiels enbes Ul yleaq usppng | Bl0S8uUlA ‘110y0o
sjepawLBl| jooyos ybiH 81—zl 1102986} aos IV | 100yoS ybiH 81eis Bloseuuly 1o} Ansibey SN aAoadsoney wE10Z UoJeN
suods annnedwod pue selo|ye
Jnejeuwle paziuebio e ul abe FEIEII aAledwoo pue
000 ¥9}:}L 9701=N 10 A ggs Jeak sad syuedionied Ul yreaq usppng Jnajewe 110yoo
Mo se18|yly 6€-8 9002-086+ aos+vos I uoljjiw 20l perewnse uy Joj Ansibey SN annoedsoney 0y600¢ UOIe\

Downloaded from http://ahajournals.org by on June 6, 2024

penunuoy ‘gz 9jqel

10.1161/JAHA.123.033723

J Am Heart Assoc. 2024;13:e033723. DOI



IQ-SCA/D

Edwards et al

“Ylesp OBIPJBO USPPNS ‘00S PUB ‘Y1Bep/1sae.ie OBIPJBD USPPNS ‘(0/VOS 1S8R DBIPIBD USPPNS ‘YOS ‘UONBI00SSY

o8|y 9691100 JOUNP [EUOIEN ‘WYOIN ‘SUOIEIOOSSY [00U0S UBIH 81e1S JO UOIEISpa [EUOHEN ‘SHAN {UORBIO0SSY SOia|Uly 81e1B8]j00) [BUOREN VYON ‘SOIs|Uuly 81e1B8|[001a1u] JO UOIEIOOSSY [BUOIEN SOIEOIPUI YIVYN

000 9G€:| 8lewa
000 69:1 eleN
000 ¥6:L I[e4en0
abejj0D
000 198:| a[ewaS .suonezjueblo [euoneu
000 ¢St} eleiN Y} WoJj seAlreIussaldal yim
000 €12} I[edon0 SUOISSNOSIP UO Paseq,, seja|yie
Jooyos ybiH piodsnnw Joj JUNOOoE 0} pasn spiodal eipawl
000 2G/:} olewsa+ (eB9]j00 J0}f Z'| puE |00Yyos ybly pue yolessey seje|yre ab9|j00
000 vEL:L 8l 10} B'|) J010B} UOISIBAUOD YIM Ainful spodg pue |00yos
000 88k} IlelenO 09+=N Jay3e60} peppe ‘YYOrN pue olydosisere) Joj uby Hoyoo
MO | jo0yOs ybiyFebs)joD vZ-€l £661-£861 ans perejal-sHods | ‘VIVN ‘SHAN ‘VVON Wol eleq Jajue) [euolleN anjosdsoney | ,,9661 dwep uep
000 2G€'| efewed
000 98¢:+ 8leiN
000 9¢¢e:t l1es8nO
8]o|y1eUOU JUBPNIS seje|yie-uspnis
000 £z&:| afewaS sndweo pue syuepnis
000 8G:| 8N sndwieo [ooyos |00YOS UO Sjuans jooyos ybiy
000 88:| [[eI8A0 =N uo BuINOo0 $8)8|Yie-juepnis pue | YOS Joj palojuol {leuoneasasqo
ubIH a18|yje-juepms Sl-vk +102-6002 aos+vos Seseo |ly | sjuepnis Jo Jequinu pepioday | sjooyos ubly 67l anoadsold oy H0C |UyBPSaI0L
A g 1an0 uoeindod
Bunuods ayy Jo Buignop
pawnsald e J0} pamoje
{SOIIS|IeIS JO nealung [esue)
ay} wolj (A o—01 pabe)
uoneindod |jeels| 8y} Jo YyimolB
By} uo paseq A g Joud oy
elep esay) pajejodenxs ‘6002 sladedsmeu |oels|
000 8¢’k 72=N ur Ayioyiny 1odg [eeis| suy Ul I|9elIS| g JO MaIABS | Ul Sa}8|yie Hoy0O
Mo seje|yy vl 6002-5861 aos IV | peJeisiBes sele|ure saedwon anoadsoleY anoadsoiey srkLOT AUIRIS
(sseak ojwepeoe
soweb | ZL0z—11L0g UbnoIul v661/S661
J0 9op10B.d |00Y0S seje|yie peyeoldnpun Jo
000 LIt =N 21102 ybiy ur @os wns) sonsiiels enbes | spJodas 8oUBINSU| 1J0yoo
MO 819]Y1 [00Y9S YbIH 61-2l -v661/5661 ados peje|ai-spods |00Y0S UBIH 81e1S Bloseuulin olydosseren anoadsoley »»€+0C SH8goYy

penunuod gz 9|qeL

Downloaded from http://ahajournals.org by on June 6, 2024

10

10.1161/JAHA.123.033723

J Am Heart Assoc. 2024;13:e033723. DOI



202 ‘9. aun uo Aq Bio'seuinofleye//:dny wouy pspeojumoq

Edwards et al

individuals and increases the risk for female individuals.
As such, there is a need for sex-specific data available
for both the numerator and denominator so that an ac-
curate incidence rate can be calculated for both sexes.

Domain 8: Subgroup Reporting

There may be important subgroup risks, such as sport
or race and ethnicity. There needs to be sport-specific
or race and ethnicity numbers available for both the
numerator and the denominator.

Interobserver Agreement

Interobserver agreement for each domain, the total
summative scoring, and the study quality categoriza-
tion can be seen in Table 3. Domain agreement ranged
from “fair” to “almost perfect,” whereas agreement
for both total summated scores (observer 1 versus
2: 0.610k+0.06, 2 versus 3: 0.660k+0.06, 1 versus
3: 0.616k+0.08 (k = Kappa)) and the study quality
categorization (observer 1 versus 2: 0.753k+0.11, 2
versus 3: 0.763k+0.11, 1 versus 3: 0.641k+0.14) was
consistently “substantial” across all observers. This
was further supported by the substantial study quality
categorization from the Fleiss x analysis (0.655+0.093
[95% ClI, 0.473-0.837]). The substantial agreement in
total scoring and quality categorization across the ob-
servers supported the categorization of studies as low,
intermediate, or high quality with summated IQ-SCA/D
scores of <11, 12 to 16, and >17, respectively.

Table 3. Interobserver Agreement Analysis Results

IQ-SCA/D

Observers 1 and 2 achieved substantial agree-
ment for 3 of 8 domains, moderate agreement for 2
of 8 domains, and fair agreement for 3 of 8 domains.
Observers 2 and 3 achieved almost perfect agreement
for 1 of 8 domains, substantial agreement for 4 of 8
domains, and moderate agreement for 3 of 8 domains.
Observers 1 and 3 achieved almost perfect agreement
for 1 of 8 domains, substantial agreement for 2 of 8
domains, and moderate agreement for 5 of 8 domains.
In practice, this tool should be applied by 2 observers
independently, and disagreements should be resolved
with the help of a third reviewer.

DISCUSSION

This international expert consensus presents the
development and interobserver reliability of the 1Q-
SCA/D, a novel tool designed for assessing study
quality in studies investigating the incidence of
SCA/D in athletes. The IQ-SCA/D provides an expert-
informed framework to support and guide appropri-
ate design and reporting practices in future SCA/D
incidence trials. This tool may also assist researchers,
reviewers, journal editors, and readers in contextual-
izing the methodological quality of different studies
with varying athlete SCA/D incidence estimates. The
overarching aim of this tool is to improve our under-
standing of SCA/D in athletes, which carries global
implications for preventative initiatives and responder
policy in sport.

1Q-SCA/D domain Observer 1 vs 2 Observer 2 vs 3 Observer 1 vs 3
Domain 1: study design 0.770 (SE=0.089, 95% 0.911 (SE=0.060, 95% 0.693 (SE=0.093, 95%
Cl=0.596-0.944) Cl=0.793-1.028) Cl=0.511-0.875)
Domain 2: numerator/strength of case 0.780 (SE=0.107, 95% 0.779 (SE=0.120, 95% 0.813 (SE=0.110, 95%
identification Cl=0.570-0.990) Cl=0.544-1.015) Cl=0.597-1.029)
Domain 3: denominator 0.526 (SE=0.125, 95% 0.588 (SE=0.136, 95% 0.447 (SE=0.124, 95%
Cl=0.281-0.772) Cl=0.321-0.855) Cl=0.204-0.689)
Domain 4: all cases vs sports-related cases 0.298 (SE=0.186, 95% 0.548 (SE=0.187, 95% 0.403 (SE=0.190, 95%
Cl=-0.067-0.662) Cl=0.182-0.914) Cl=0.032-0.775)
Domain 5: SCA/D vs SCD 0.345 (SE=0.131, 95% 0.498 (SE=0.153, 95% 0.575 (SE=0.098, 95%
Cl=0.089-0.602) Cl=0.197-0.798) Cl=0.382-0.768)
Domain 6: age range 0.494 (SE=0.134, 95% 0.745 (SE=0.124, 95% 0.639 (SE=0.116, 95%
Cl=0.232-0.756) Cl=0.503-0.988) Cl=0.412-0.867)
Domain 7: sex-specific rates 0.648 (SE=0.149, 95% 0.624 (SE=0.170, 95% 0.472 (SE=0.173, 95%
Cl=0.356-0.940) Cl=0.292-0.956) Cl=0.133-0.811)
Domain 8: subgroup reporting 0.320 (SE=0.169, 95% 0.644 (SE=0.122, 95% 0.482 (SE=0.173, 95%
Cl=-0.011-0.650) Cl=0.404-0.883) Cl=0.143-0.820)
Total summative scores 0.610 (SE=0.057, 95% 0.660 (SE=0.060, 95% 0.616 (SE=0.083, 95%
Cl=0.499-0.721) Cl=0.541-0.779) Cl=0.453-0.778)
Quiality category agreement 0.753 (SE=0.110, 95% 0.763 (SE=0.112, 95% 0.641 (SE=0.138, 95%
Cl=0.537-0.969) Cl=0.543-0.983) Cl=0.371-0.912)

Quality category Fleiss x

0.655 (SE=0.093, 95% CI=0.473-0.837)

Data reported as x, SE, and 95% CI. Observers 1,

J Am Heart Assoc. 2024;13:e033723. DOI: 10.1161/JAHA.123.033723

2, and 3 represent the expert, intermediate, and novice observers, respectively. IQ-SCA/D indicates
International Criteria for Reporting Study Quality for Sudden Cardiac Arrest/Death; SCA/D, sudden cardiac arrest/death; and SCD, sudden cardiac death.

11




202 ‘9. aun uo Aq Bio'seuinofleye//:dny wouy pspeojumoq

Edwards et al

Because of interstudy heterogeneity in method and
reporting practices, incidence estimates of SCA/D in
athletes remain variable. Studies with greater meth-
odological rigor and reporting transparency are nec-
essary to better understand athlete SCA/D risk. Tools
commonly used to assess incidence studies, such as
the Joanna-Briggs Institute critical appraisal check-
list,® do not include important components specific to
the context of SCA/D incidence research. For exam-
ple, the Joanna-Briggs Institute checklist would not
provide any assessment of inappropriate population
grouping, such as age, sex, and race and ethnicity,
thereby generating confounded incidence estimates
with no quality scoring penalization. As such, this work
addresses a substantial gap in sports cardiology re-
search whereby no current assessment tools are well
equipped for SCA/D incidence studies. Indeed, any
researchers who may have attempted to perform sys-
tematic review and meta-analysis research in this area
will agree that the degree of variability between meth-
ods and reporting make any form of data pooling and
interpretation of the wider literature a near-impossible
task.

The 1Q-SCA/D also has implications for the design
and development of future incidence estimate trials of
SCA/D, where this tool can be applied as a general
framework as for guiding design and reporting prac-
tices of future research. Future studies may consider
the relevant domains for study design, including the
numerator and denominator quality, in their develop-
ment and written contextualization of incidence esti-
mates. Similarly, the reporting domains, including age
range, sex-specific reporting, and subgroup reporting,
may serve as reference points for appropriate data re-
porting practices to minimize confounding and improve
context of reported incidence estimates. Ultimately,
the encouragement of researchers to appropriately
consider these domains in the development of future
incidence estimate trials of SCA/D in athletes is aimed
toward improving the quality of research in this field.

The interobserver agreement analysis performed
in this work varied from fair to almost perfect across
the individual domains but was consistently substan-
tial for the total summated scores and study quality
categorization. The complexity and variability of many
SCA/D studies certainly adds difficulty in achieving
consistency throughout the scoring process; however,
our evidence of agreement between observers with
different levels of expertise in the area, and without any
a priori familiarization or training, supports the potential
for wider application of this tool.

Limitations

Although we attempted to minimize limitations at all
stages, the Delphi process carries significant inherent

J Am Heart Assoc. 2024;13:e033723. DOI: 10.1161/JAHA.123.033723
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limitations with risks of specious consensus.'® Separa-
tely, because of the wide range of methods within the
athlete SCA/D literature, the expert panel explicitly
recognizes that there is not going to be any one set of
criteria that will effectively encompass all studies and
therefore the aim is to accurately capture most. This
tool is specific and purposefully limited to assessing
the overall incidence of SCA/D in athletes. This inter-
pretation is important when considering some of the
domains within this tool; for example, domain 4 penal-
izes studies that only looked at sports-related SCA/D,
even if that is the a priori aim of the work. Also, there is
a significant lack of sensitivity data available to inform
the domains of the tool and thus this tool relies almost
entirely on expert opinion. Finally, future validation work,
ideally performed externally by independent research-
ers, is needed.

CONCLUSIONS

Following a Delphi process, this work presents the de-
velopment and interobserver reliability of the IQ-SCA/D
tool, an international expert consensus tool for assess-
ing the study quality of research reporting incidence of
SCA/D in athletes. This tool may be implemented to
assist in the methodological quality assessment of rel-
evant studies and provide an expert-informed frame-
work to support and guide appropriate design and
reporting practices in future SCA/D incidence trials.
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