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Abstract

Commotio cordis is a rare but fatal cause of sudden cardiac death in young people, particularly athletes exposed to non-penetrating chest
trauma. Commotio cordis occurs when an impact to the chest triggers a lethal ventricular arrhythmia in the absence of pre-existing
structural heart disease. Despite advances in the understanding of commotio cordis, the prevention and management of this condition
remain challenging. The literature indicates that commotio cordis is most common in adolescents and sports such as baseball, football,
and ice hockey. The key pathogenic mechanism involves a chest impact occurring during a vulnerable phase of the cardiac cycle,
leading to ventricular fibrillation. Immediate cardiopulmonary resuscitation and prompt use of an automated external defibrillator are
crucial for survival. However, the effectiveness of preventive measures, such as chest protectors and greater awareness of cardiovascular
emergencies, remains debated. As a leading cause of sudden death in young athletes, commotio cordis requires further research to refine
prevention strategies and improve outcomes. This review provides an updated overview of the pathophysiological mechanisms, risk
factors, intervention strategies, and preventive approaches for this condition.
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1. Introduction
Commotio cordis (CC) is a rare but dramatic and of-

ten fatal cardiovascular phenomenon resulting from direct
blunt trauma to the chest wall. It represents a significant
cause of sudden cardiac death in the young (SCDY), partic-
ularly among athletes participating in contact sports, in the
absence of pre-existing structural heart disease [1,2]. CC
arises following a direct, non-penetrating thoracic impact
that acts as an arrhythmogenic trigger during a specific vul-
nerable phase of the cardiac cycle, most notably the ascend-
ing phase of the T wave, leading to ventricular fibrillation
and immediate haemodynamic collapse [3,4].

Although traditionally considered a rare entity, the
true incidence of CC is likely underestimated, especially
within youth sporting environments, where fatal episodes
may go unrecognised or be misattributed. Its epidemiologi-
cal relevance is substantiated by autopsy series and national
out-of-hospital cardiac arrest registries, which consistently
report a predominance among adolescent males engaged in
sports such as baseball, American football, and ice hockey
[3,5–8], and in a significant percentage it occurs in non-
sports contexts, such as assaults, car accidents and daily ac-
tivities, with a wider age range and a higher percentage of
females [2].

From a pathophysiological standpoint, the induction
of lethal arrhythmias in CC appears to depend on several
key variables: the kinetic energy of the impact, its pre-
cise location over the precordium, the timing within the

cardiac cycle, and mechanotransduction mechanisms at the
myocardial level. These mechanisms are thought to involve
the activation of stretch-sensitive ion channels, contributing
to electrical instability [9,10]. Despite the absence of under-
lying structural cardiac abnormalities, the condition carries
a high fatality rate in the absence of immediate cardiopul-
monary resuscitation (CPR) and prompt defibrillation.

In this review, we critically examine the current state
of knowledge surrounding commotio cordis, with particular
focus on its pathophysiology, epidemiology, and medicole-
gal implications in the context of SCDY. Additionally, we
discuss contemporary prevention strategies and offer practi-
cal recommendations for the on-field management of such
events, informed by the most recent guidelines and avail-
able evidence.

2. Literature Review
2.1 Epidemiology

CC is regarded as a rare condition but constitutes a
significant cause of SCDY, particularly among otherwise
healthy individuals engaged in sporting activities. Accord-
ing to data from the US Commotio Cordis Registry, which
systematically collects documented cases at the national
level in the United States, the incidence is estimated to be
approximately 15–25 cases per year. However, this figure
is likely an underestimation, due to the inherent challenges
in post-mortem identification in the absence of structural
cardiac abnormalities [11,12].
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Prevalence varies considerably across countries, re-
flecting geographical, cultural and systemic differences in
case reporting and diagnostic accuracy. In many regions,
the absence of dedicated national registries and the lack of
standardised autopsy protocols hinder the precise identifi-
cation and classification of cases. Moreover, the associ-
ation of CC with specific sports, such as baseball in the
United States, ice hockey in Canada, and rugby in Europe,
contributes to the geographical heterogeneity observed in
the distribution of this pathology [13].

CC exhibits a clear male predominance, with the av-
erage age of affected individuals ranging between 12 and
18 years [14]. This distribution is attributed to greater male
participation in high-impact thoracic sports, as well as to
hormonal and physiological factors that may influence the
electrical susceptibility of the myocardium [15].

Contact sports, including baseball, American football,
lacrosse, ice hockey, and, increasingly, association football
and rugby, are most frequently associated with CC. Nev-
ertheless, isolated cases have also been reported in non-
sporting contexts, such as schoolyard incidents or recre-
ational play, highlighting the relevance of this phenomenon
even beyond the competitive sporting environment [16].

Furthermore, documented cases suggest that even
combat sports such as karate, taekwondo and mixed mar-
tial arts may constitute risk contexts for CC, as blows to
the chest may accidentally coincide with the vulnerable
phase of the cardiac cycle [16]. Although less frequent,
such events are clinically relevant, especially considering
the growing popularity of these disciplines among adoles-
cents and young adults.

Particular attention must be given to the school-aged
and youth athletic population, within which CC represents
one of the leading causes of sudden death occurring on the
field. The absence of prodromal symptoms and the rapid
clinical progression underscore the importance of early
identification of at-risk individuals and the implementation
of appropriate emergency response protocols [17].

2.2 Pathophysiological Mechanisms

CC occurs when a non-penetrating thoracic impact
strikes the heart during the ascending phase of the Twave in
the cardiac cycle, corresponding to the early phase of ven-
tricular repolarisation. During this period, the myocardium
is particularly vulnerable to electrical disturbances, andme-
chanical trauma can induce ventricular fibrillation (VF)
even in the absence of structural cardiac abnormalities
(Fig. 1) [18].

Recent investigations have confirmed that the likeli-
hood of VF is significantly increased when the impact oc-
curs within a critical time window of approximately 10–20
milliseconds during repolarisation [19]. Experimental stud-
ies, alongside computational simulations, have further clar-
ified the temporal dynamics of electrophysiological events

that contribute to myocardial electrical destabilisation fol-
lowing mechanical stimulation [20–22].

The traumatic event results in an acute deformation of
the myocardial tissue, initiating a process of mechanotrans-
duction (transduction of a mechanical stimulus into an elec-
trical signal) that is, the conversion of a physical stimulus
into an electrical signal. This process leads to the activa-
tion of stretch-sensitive ion channels (channels that activate
in response to mechanical forces on the cell membrane),
including adenosine triphosphate-sensitive potassium (K-
ATP) channels and members of the transient receptor po-
tential (TRP) channel family, which disrupt the transmem-
brane potential and facilitate the emergence of abnormal
electrical activity [23].

These channels have been shown to induce afterdepo-
larisations and chaotic propagation of electrical impulses,
thereby increasing the myocardium’s susceptibility to VF.
Recent studies indicate that the activation of these chan-
nels is modulated by both the magnitude of the mechanical
stretch and the pre-existing electrophysiological state of the
myocardial cells [24,25].

A defining feature of CC is the absence ofmorphologi-
cal abnormalities detectable at autopsy, rendering the diag-
nosis primarily clinical-anamnestic and one of exclusion.
The principal differential diagnoses include hereditary car-
diomyopathies, channelopathies, and congenital coronary
anomalies [26–28].

Recent literature highlights the necessity of a compre-
hensive autopsy, performed using standardised protocols,
which should include histopathological examination, toxi-
cological screening, and, where appropriate, molecular ge-
netic testing, in order to exclude alternative causes and sub-
stantiate a post-mortem diagnosis of CC [27,29].

Non-immediate Arrhythmias From Blunt Chest Trauma
CC represents the most acute and immediate mani-

festation of arrhythmias induced by blunt thoracic trauma.
The literature also describes cases of ventricular arrhyth-
mias and delayed-onset atrioventricular conduction distur-
bances. These arrhythmias do not necessarily occur at the
time of impact but may emerge in the subacute period or
days later, as a consequence of myocardial contusions, tis-
sue microlesions, and local inflammatory processes. These
alterations can induce electrical remodeling and ion chan-
nel dysfunction, favoring the development of arrhythmias
in the absence of obvious structural abnormalities [24,25].

Unlike ventricular fibrillation typical of CC, which
is triggered by a direct impact during a critical time win-
dow of the cardiac cycle [3,18,19], late-onset arrhythmias
from blunt trauma may result from mechanisms of progres-
sive myocardial damage, often underestimated in the initial
phase. Persistent activation of stretch-sensitive ion chan-
nels, such as K-ATP and TRP channels, already implicated
in the genesis of CC [23,24], may also contribute to the gen-
esis of arrhythmias with a delayed onset. In such cases, pro-
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Fig. 1. Pathophysiological mechanism of commotio cordis. The figure shows a simplified electrocardiogram (ECG) trace. A thoracic
impact during the ascending limb of the T wave (vulnerable window) may trigger una fibrillazione ventricolare due to activation of
stretch-sensitive ion channels.

longed electrocardiographic surveillance, combined with
cardiac imaging and genetic testing [26–29], may be indi-
cated even in the absence of overt symptoms.

Therefore, it is appropriate to extend clinical and di-
agnostic attention to subacute post-traumatic arrhythmias,
especially in young subjects involved in thoracic contusion
events, whether athletic or non-athletic.

2.3 Postmortem Diagnosis and Medico-Legal Implications

Post-mortem diagnosis of CC is inherently challeng-
ing, as the event typically occurs in the absence of structural
abnormalities detectable at autopsy. The only suggestive
feature may be a history of recent blunt thoracic trauma,
temporally associated with sudden death in a young, previ-
ously healthy individual [30–32].

It is essential to conduct a rigorous differential diag-
nosis with other causes of SCDY, such as cardiac chan-
nelopathies, which often lack macroscopic pathological
findings. Within the spectrum of SCDY, CC constitutes a
rare but clinically relevant cause, particularly among male
individuals engaged in contact sports. According to data
from theNational Registry of SuddenDeath in Athletes, CC
accounts for up to 20% of sudden deaths associated with
physical activity during adolescence [6]. Only a compre-
hensive autopsy, including detailed histopathological anal-
ysis and, where appropriate, post-mortem genetic testing,

enables the exclusion of alternative diagnoses and supports
the identification of probable CC (Table 1).

From a medico-legal perspective, CC assumes partic-
ular significance in the insurance, sporting, and in some
cases criminal domains [33]. The identification of the event
and its temporal and contextual correlation with a regu-
lated sporting activity may have legal implications, includ-
ing civil or professional liability [34].

In many countries, current regulations mandate the
presence of life-saving equipment in sporting venues, in-
cluding automated external defibrillators (AEDs) and per-
sonnel trained in CPR. Failure to provide such emergency
infrastructure may constitute negligence on the part of man-
aging authorities or coaching staff, especially in educational
or competitive settings. Additionally, the presence or ab-
sence of chest protectors conforming to approved safety
standards may influence legal assessments of liability [2].

Examples described in the literature demonstrate that
CC events can lead to significant legal consequences. In
one case, a death that occurred during a fight was classi-
fied as manslaughter, with CC identified as the cause of
death [33]. In another case, the absence of a defibrillator
in a sports facility raised questions of civil liability [34].

2.4 Prevention

Prevention of CC represents a significant challenge
in the management of SCDY among athletes, due to the
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Table 1. Postmortem differential diagnosis in cases of sudden juvenile death.
Heart disease Structural anomalies Genetic testing Activity context

Commotio cordis No Yes (to exclude alternative diagnoses) Frequently during sports
Cardiomyopathies Yes Yes During sports activity or exertion
Channelopathies No Yes During sports activity or exertion
Coronary artery anomalies Sometimes No During sports activity or exertion
Note: The table is for comparison and simplification purposes only. Some conditions may occur in sports settings without being
directly caused by them. The presence or absence of structural abnormalities may vary depending on the level of postmortem
diagnostic investigation.

Table 2. Types of chest protection devices for the prevention of commotio cordis.
Model Description Regulatory compliance Estimated preventive efficacy Usage context

A* Standard non-certified
protection, made of light material

(example, basic foam)

None Low Recreational,
school-level use

B** ND200-certified device
(NOCSAE), with

impact-reduction technology

ND200 (NOCSAE) Moderate–High Organised sports
(example, lacrosse,

football)
C*** Experimental model with

multilayered shock absorption
and integrated sensors

Under validation High (in preclinical models) Pilot studies,
biomechanical

research

*A: standard non-certified protection. **B: ND200 standard compliant device. ***C: experimental model with multilayer shock
absorption. NOCSAE, National Operating Committee on Standards for Athletic Equipment.

unpredictable nature of the event and the absence of pre-
existing cardiac pathology. According to the guidelines is-
sued by the American Heart Association (AHA) and rec-
ommendations from international sporting bodies, the most
effective preventive measure is the immediate availability
of an AED in all settings where sports activities are con-
ducted. This must be accompanied by mandatory training
in CPR for coaches, referees, and any school or medical
personnel present on-site. Evidence indicates that defibril-
lation within three minutes of the traumatic event can in-
crease survival rates to over 70% [35,36].

In recent years, increased attention has also been di-
rected towards the design and use of chest protectors [37].
In this context, the National Operating Committee on Stan-
dards for Athletic Equipment (NOCSAE) [38] has intro-
duced the ND200 standard, which sets minimum perfor-
mance criteria for equipment capable of attenuating im-
pact forces and reducing the risk of VF. Certain federations,
such as US Lacrosse, have mandated the use of such pro-
tective devices for high-risk positions (e.g., goalkeepers).
However, a study has highlighted that not all commercially
available protectors offer sufficient protection against CC,
emphasising the need for further biomechanical testing and
regulatory revisions to ensure effectiveness (Table 2) [39].

Current guidelines also advocate for comprehensive
education programmes aimed at athletes and their families,
focusing on the early recognition of cardiac arrest and the
importance of immediate first aid. The implementation of
standardised Emergency Action Plans (EAPs) in schools

and sports clubs is regarded as a key best practice to en-
hance emergency preparedness and reduce mortality asso-
ciated with commotio cordis [40–44].

Fig. 2 (Ref. [12]) describes survival rates from com-
motio cordis in relation to the timeliness of intervention.

2.5 Non-Sporting Contexts

Although CC is traditionally associated with athletic
activities, a significant proportion of cases occur in non-
sporting settings [2].

A systematic review identified that 36% of 334 docu-
mented CC cases transpired outside of sports, with the ma-
jority resulting from assaults (76%), followed by motor ve-
hicle accidents (7%) and routine daily activities (16%). In
non-sport-related incidents, the causative impacts were pre-
dominantly non-projectile, often involving bodily contact
(79%), contrasting with the projectile-related mechanisms
common in sports settings. Notably, the proportion of fe-
male victims was higher in non-sport contexts (13%) com-
pared to sport-related cases (2%). Mortality rates in non-
sport CC incidents were significantly elevated (88%) rela-
tive to sport-related cases (66%), a disparity attributed to
lower rates of bystander CPR (27% vs. 97%) and defibril-
lation (17% vs. 81%), as well as delayed initiation of resus-
citative efforts, with 80% of non-sport cases experiencing
delays exceeding three minutes [32].

These findings underscore the necessity for height-
ened awareness and preparedness for CC in non-athletic
environments. Implementing widespread CPR training and
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Fig. 2. Survival rates for commotio cordis in relation to timeliness of intervention. Data adapted from Maron et al. [12], Heart
Rhythm, 2013.

ensuring the AEDs in public and domestic settings are crit-
ical measures to improve survival outcomes in non-sport-
related CC events [45,46].

2.6 Future Directions of Research

CC is a major cause of SCDY in athletes and repre-
sents a major challenge for prevention and management.
Current knowledge highlights the need to investigate sev-
eral areas to improve the understanding and prevention of
this lethal event.

Development and evaluation of protective devices: fu-
ture research should focus on optimizing thoracic protective
devices. A recent study has shown that many commercially
available chest protectors do not provide adequate protec-
tion against CC, highlighting the importance of developing
more effective standards and evaluating the effectiveness
of existing devices through advanced experimental models
[47].

Biomechanical modeling and simulations: the use of
advanced biomechanical models, such as the Total Human
Model for Safety (THUMS) [21], can provide detailed in-
formation about the effects of thoracic impacts and help
identify conditions that lead to CC. These models can be
used to simulate various scenarios and evaluate the effec-
tiveness of different preventive strategies [38,47–50].

Education and training: training coaches, referees,
and medical personnel on the importance of CPR and the

timely use of AEDs is critical. Research should explore
the most effective strategies for implementing educational
programs that increase awareness and preparedness for CC
[51,52].

Screening and identification of at-risk individuals: al-
though CC is often unpredictable, research could focus on
identifying potential risk factors through advanced cardio-
vascular screening, including genetic testing and electro-
physiological assessments, to identify potentially suscepti-
ble individuals [53,54].

Data collection and national registries: the creation
and analysis of national registries dedicated to CC can pro-
vide valuable data to better understand the incidence, risk
factors and effectiveness of preventive measures. These
registries can also help monitor the impact of new guide-
lines and emerging technologies.

Technological innovations: the integration of wear-
able technologies and advanced sensors could offer new
opportunities to monitor athletes’ physiological parameters
in real time and detect early warning signals, allowing for
timely interventions.

Interdisciplinary collaborations: promoting collabora-
tions between cardiologists, engineers, educators and sports
organizations is essential to develop integrated and multi-
disciplinary approaches in the prevention and management
of CC.

Future research on commotio cordis should take a
holistic approach, combining technological innovations,
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education, screening, and interdisciplinary collaboration to
reduce the incidence and improve outcomes of this poten-
tially fatal event.

3. Conclusions
CC is a rare but serious cause of SCDY, often in sports

settings but not exclusively. Its unpredictable nature and
the absence of structural cardiac abnormalities make timely
recognition and immediate intervention with CPR and de-
fibrillator essential. Furthermore, since genetic evaluations
are not routinely performed in autopsy practice, determin-
ing the exact number of CC cases is extremely difficult.

Despite progress in terms of awareness and preven-
tion, critical issues remain, especially in non-sporting con-
texts. It is essential to promote widespread access to AEDs,
resuscitation training and the development of more effec-
tive protective devices. An integrated approach between re-
search, education and field preparation is crucial to reduce
the incidence and improve the outcomes of this dramatic
condition.

Author Contributions
CS and AM designed the research study. CS per-

formed the research. AM analyzed the data. CS and AM
wrote the manuscript. Both authors contributed to editorial
changes in the manuscript. Both authors read and approved
the final manuscript. Both authors have participated suf-
ficiently in the work and agreed to be accountable for all
aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Declaration of AI and AI-Assisted
Technologies in the Writing Process

During the preparation of this work the authors used
Chat-GPT in order to English revision. After using this
tool/service, the authors reviewed and edited the content as
needed and take full responsibility for the content of the
publication.

References
[1] Melo L, Patail H, Sharma T, Frishman WH, Aronow WS.

Commotio Cordis: A Comprehensive Review. Cardiology

in Review. 2025; 33: 256–259. https://doi.org/10.1097/CRD.
0000000000000611.

[2] Sohail S, Naeem A, Basham HA, Ashraf A, Bai Bansari R,
Karim A, et al. Commotio cordis in non-sports-related injury:
A scoping review. Current Problems in Cardiology. 2024; 49:
102165. https://doi.org/10.1016/j.cpcardiol.2023.102165.

[3] Peng T, Derry LT, Yogeswaran V, Goldschlager NF. Commotio
Cordis in 2023. Sports Medicine (Auckland, N.Z.). 2023; 53:
1527–1536. https://doi.org/10.1007/s40279-023-01873-6.

[4] Okorare O, Alugba G, Olusiji S, Evbayekha EO, Antia AU,
Daniel E, et al. Sudden Cardiac Death: AnUpdate on Commotio
Cordis. Cureus. 2023; 15: e38087. https://doi.org/10.7759/cure
us.38087.

[5] Finocchiaro G, Radaelli D, D’Errico S, Papadakis M, Behr ER,
Sharma S, et al. Sudden Cardiac Death Among Adolescents
in the United Kingdom. Journal of the American College of
Cardiology. 2023; 81: 1007–1017. https://doi.org/10.1016/j.ja
cc.2023.01.041.

[6] Egger F, Scharhag J, Kästner A, Dvořák J, Bohm P, Meyer T.
FIFA Sudden Death Registry (FIFA-SDR): a prospective, obser-
vational study of sudden death in worldwide football from 2014
to 2018. British Journal of Sports Medicine. 2022; 56: 80–87.
https://doi.org/10.1136/bjsports-2020-102368.

[7] Shore E, Moseley GA, DeLong R, Register-Mihalik J, Drezner
JA, Dickey GJ, et al. Incidents and patterns of commotio cordis
among athletes in the USA from 1982 to 2023. Injury Pre-
vention: Journal of the International Society for Child and
Adolescent Injury Prevention. 2024. https://doi.org/10.1136/ip
-2024-045374.

[8] Trejo-Paredes C, Lampert R. The Science Behind the Standard-
ization of Chest Protectors: Is Marketing Alone Enough to Sell
Chest Protectors?.. Not Anymore!. Circulation. Arrhythmia and
Electrophysiology. 2024; 17: e012844. https://doi.org/10.1161/
CIRCEP.124.012844.

[9] Patel N, Pena C, Nesheiwat Z, Zafrullah F, Eltahawy E. Ventric-
ular fibrillation arrest after blunt chest trauma in a 33-year-old
man, commotio cordis? BMC Cardiovascular Disorders. 2022;
22: 252. https://doi.org/10.1186/s12872-022-02689-4.

[10] Bruera MJ, Pierola Guardia DA, Sotelo Ledezma E, Blanco AC.
Commotio cordis (cardiac concussion) in a child. A case report.
Archivos Argentinos De Pediatria. 2023; 121: e202202593. ht
tps://doi.org/10.5546/aap.2022-02593.eng.

[11] Moseley GA, Lincoln AE, Drezner JA, DeLong R, Shore E,
Walker N, et al. Catastrophic injuries and exertional medical
events in lacrosse among youth, high school and collegiate ath-
letes: longitudinal surveillance over four decades (1982-2020).
Annals of Medicine. 2024; 56: 2311223. https://doi.org/10.
1080/07853890.2024.2311223.

[12] Maron BJ, Haas TS, Ahluwalia A, Garberich RF, Estes NAM,
3rd, Link MS. Increasing survival rate from commotio cordis.
Heart Rhythm. 2013; 10: 219–223. https://doi.org/10.1016/j.hr
thm.2012.10.034.

[13] Lupariello F, Curti SM, Di Vella G. Diagnostic Criteria for
Commotio Cordis Caused by Violent Attack: Review of the
Literature. The American Journal of Forensic Medicine and
Pathology. 2018; 39: 330–336. https://doi.org/10.1097/PAF.
0000000000000433.

[14] Corrado D, Drezner J, Basso C, Pelliccia A, Thiene G. Strate-
gies for the prevention of sudden cardiac death during sports.
European Journal of Cardiovascular Prevention and Rehabilita-
tion: Official Journal of the European Society of Cardiology,
Working Groups on Epidemiology & Prevention and Cardiac
Rehabilitation and Exercise Physiology. 2011; 18: 197–208.
https://doi.org/10.1177/1741826710389924.

[15] Doerer JJ, Haas TS, Estes NAM, 3rd, LinkMS,Maron BJ. Eval-
uation of chest barriers for protection against sudden death due

6

https://doi.org/10.1097/CRD.0000000000000611
https://doi.org/10.1097/CRD.0000000000000611
https://doi.org/10.1016/j.cpcardiol.2023.102165
https://doi.org/10.1007/s40279-023-01873-6
https://doi.org/10.7759/cureus.38087
https://doi.org/10.7759/cureus.38087
https://doi.org/10.1016/j.jacc.2023.01.041
https://doi.org/10.1016/j.jacc.2023.01.041
https://doi.org/10.1136/bjsports-2020-102368
https://doi.org/10.1136/ip-2024-045374
https://doi.org/10.1136/ip-2024-045374
https://doi.org/10.1161/CIRCEP.124.012844
https://doi.org/10.1161/CIRCEP.124.012844
https://doi.org/10.1186/s12872-022-02689-4
https://doi.org/10.5546/aap.2022-02593.eng
https://doi.org/10.5546/aap.2022-02593.eng
https://doi.org/10.1080/07853890.2024.2311223
https://doi.org/10.1080/07853890.2024.2311223
https://doi.org/10.1016/j.hrthm.2012.10.034
https://doi.org/10.1016/j.hrthm.2012.10.034
https://doi.org/10.1097/PAF.0000000000000433
https://doi.org/10.1097/PAF.0000000000000433
https://doi.org/10.1177/1741826710389924
https://www.imrpress.com


to commotio cordis. The American Journal of Cardiology. 2007;
99: 857–859. https://doi.org/10.1016/j.amjcard.2006.10.053.

[16] Maron BJ, Doerer JJ, Haas TS, Tierney DM, Mueller FO. Sud-
den deaths in young competitive athletes: analysis of 1866
deaths in the United States, 1980-2006. Circulation. 2009; 119:
1085–1092. https://doi.org/10.1161/CIRCULATIONAHA.108.
804617.

[17] Cooper S, Woodford NW,Maron BJ, Harris KM, Sheppard MN.
A Lethal Blow to the Chest as an Underdiagnosed Cause of
Sudden Death in United Kingdom Sports (Football, Cricket,
Rugby). The American Journal of Cardiology. 2019; 124: 808–
811. https://doi.org/10.1016/j.amjcard.2019.05.050.

[18] Dickey GJ, Bian K, Khan HR, Mao H. Developing commotio
cordis injury metrics for baseball safety: unravelling the con-
nection between chest force and rib deformation to left ventri-
cle strain and pressure. Computer Methods in Biomechanics and
Biomedical Engineering. 2022; 25: 247–256. https://doi.org/10.
1080/10255842.2021.1948022.

[19] Tibballs J, Thiruchelvam T. A case of Commotio cordis in a
young child caused by a fall. Resuscitation. 2008; 77: 139–141.
https://doi.org/10.1016/j.resuscitation.2007.10.013.

[20] LiW, Kohl P, Trayanova N. Induction of ventricular arrhythmias
following mechanical impact: a simulation study in 3D. Journal
of Molecular Histology. 2004; 35: 679–686. https://doi.org/10.
1007/s10735-004-2666-8.

[21] Dickey GJ, Bian K, Islam SU, Khan HR, Rohr S, Mao H.
Advancing Commotio cordis Safety Standards Using the To-
tal Human Models for Safety (THUMS). Annals of Biomedi-
cal Engineering. 2023; 51: 2070–2085. https://doi.org/10.1007/
s10439-023-03235-9.

[22] Trayanova NA, Constantino J, Gurev V. Models of stretch-
activated ventricular arrhythmias. Journal of Electrocardiology.
2010; 43: 479–485. https://doi.org/10.1016/j.jelectrocard.2010.
05.014.

[23] Hu Y, Gurev V, Constantino J, Bayer JD, Trayanova NA. Effects
of mechano-electric feedback on scroll wave stability in human
ventricular fibrillation. PloS One. 2013; 8: e60287. https://doi.
org/10.1371/journal.pone.0060287.

[24] Quinn TA, Jin H, Lee P, Kohl P. Mechanically Induced Ectopy
via Stretch-Activated Cation-Nonselective Channels Is Caused
by Local Tissue Deformation and Results in Ventricular Fibril-
lation if Triggered on the RepolarizationWave Edge (Commotio
Cordis). Circulation. Arrhythmia and Electrophysiology. 2017;
10: e004777. https://doi.org/10.1161/CIRCEP.116.004777.

[25] Madias C, Maron BJ, Supron S, Estes NAM, 3rd, Link MS.
Cell membrane stretch and chest blow-induced ventricular fib-
rillation: commotio cordis. Journal of Cardiovascular Elec-
trophysiology. 2008; 19: 1304–1309. https://doi.org/10.1111/j.
1540-8167.2008.01267.x.

[26] Basso C, Corrado D, Thiene G. Cardiovascular causes of sud-
den death in young individuals including athletes. Cardiol-
ogy in Review. 1999; 7: 127–135. https://doi.org/10.1097/
00045415-199905000-00009.

[27] Salzillo C, Sansone V, Napolitano F. Sudden Cardiac Death
in the Young: State-of-the-Art Review in Molecular Autopsy.
Current Issues in Molecular Biology. 2024; 46: 3313–3327.
https://doi.org/10.3390/cimb46040207.

[28] Salzillo C, Lucà S, Ronchi A, Cazzato G, Ingravallo G,Marzullo
A. Non-atherosclerotic coronary artery disease in molecular au-
topsy: a literature review. Vessel Plus. 2025; 9: 1. https://doi.or
g/10.20517/2574-1209.2024.57.

[29] Lahrouchi N, Raju H, Lodder EM, Papatheodorou E, Ware JS,
Papadakis M, et al. Utility of Post-Mortem Genetic Testing in
Cases of Sudden Arrhythmic Death Syndrome. Journal of the
American College of Cardiology. 2017; 69: 2134–2145. https:
//doi.org/10.1016/j.jacc.2017.02.046.

[30] Menezes RG, Fatima H, Hussain SA, Ahmed S, Singh PK,
Kharoshah MA, et al. Commotio cordis: A review. Medicine,
Science, and the Law. 2017; 57: 146–151. https://doi.org/10.
1177/0025802417712883.

[31] De Gregorio C, Magaudda L. Blunt thoracic trauma and cardiac
injury in the athlete: contemporary management. The Journal
of Sports Medicine and Physical Fitness. 2018; 58: 721–726.
https://doi.org/10.23736/S0022-4707.17.07776-3.

[32] Lee RN, Sampaio Rodrigues T, Gan JT, Han HC, Mikhail R,
Sanders P, et al. Commotio Cordis in Non-Sport-Related Events:
A Systematic Review. JACC. Clinical Electrophysiology. 2023;
9: 1321–1329. https://doi.org/10.1016/j.jacep.2023.01.010.

[33] Lucena JS, RicoA, SalgueroM, BlancoM,Vázquez R. Commo-
tio cordis as a result of a fight: report of a case considered to be
imprudent homicide. Forensic Science International. 2008; 177:
e1–4. https://doi.org/10.1016/j.forsciint.2007.09.008.

[34] Lupariello F, Di Vella G. The role of the autopsy in the diagnosis
of commotio cordis lethal cases: Review of the literature. Legal
Medicine (Tokyo, Japan). 2019; 38: 73–76. https://doi.org/10.
1016/j.legalmed.2019.04.007.

[35] Hewett Brumberg EK, Douma MJ, Alibertis K, Charlton NP,
Goldman MP, Harper-Kirksey K, et al. 2024 American Heart
Association and American Red Cross Guidelines for First Aid.
Circulation. 2024; 150: e519–e579. https://doi.org/10.1161/CI
R.0000000000001281.

[36] Dezfulian C, McCallin TE, Bierens J, Dunne CL, Idris AH,
Kiragu A, et al. 2024 American Heart Association and Amer-
ican Academy of Pediatrics Focused Update on Special Cir-
cumstances: Resuscitation Following Drowning: An Update
to the American Heart Association Guidelines for Cardiopul-
monary Resuscitation and Emergency Cardiovascular Care. Cir-
culation. 2024; 150: e501–e516. https://doi.org/10.1161/CIR.
0000000000001274.

[37] Kumar K, Mandleywala SN, Gannon MP, Estes NAM, 3rd,
Weinstock J, Link MS. Development of a Chest Wall Protec-
tor Effective in Preventing Sudden Cardiac Death by Chest
Wall Impact (Commotio Cordis). Clinical Journal of Sport
Medicine: Official Journal of the Canadian Academy of
Sport Medicine. 2017; 27: 26–30. https://doi.org/10.1097/JSM.
0000000000000297.

[38] Dau N, Bir C, McCalley E, Halstead D, Link MS. Develop-
ment of the NOCSAE Standard to Reduce the Risk of Commotio
Cordis. Circulation. Arrhythmia and Electrophysiology. 2024;
17: e011966. https://doi.org/10.1161/CIRCEP.123.011966.

[39] Weinstock J,Maron BJ, SongC,Mane PP, Estes NAM, 3rd, Link
MS. Failure of commercially available chest wall protectors to
prevent sudden cardiac death induced by chest wall blows in an
experimental model of commotio cordis. Pediatrics. 2006; 117:
e656–62. https://doi.org/10.1542/peds.2005-1270.

[40] Lampert R, Chung EH, Ackerman MJ, Arroyo AR, Darden D,
Deo R, et al. 2024 HRS expert consensus statement on arrhyth-
mias in the athlete: Evaluation, treatment, and return to play.
Heart Rhythm. 2024; 21: e151–e252. https://doi.org/10.1016/j.
hrthm.2024.05.018.

[41] Classie JA, Distel LM, Borchers JR. Safety baseballs and chest
protectors: a systematic review on the prevention of commotio
cordis. The Physician and Sportsmedicine. 2010; 38: 83–90. ht
tps://doi.org/10.3810/psm.2010.04.1765.

[42] Edge CC, Collins JM, Avey MH, Petrizzi MK,
Williams A, Cheatham SA, et al. On-Field Man-
agement: Cardiac Event. Video Journal of Sports
Medicine. 2025; 5: 26350254251326950. https:
//doi.org/10.1177/26350254251326950.

[43] Egger F, Ukaj A, Meyer T. Emergency response planning
for sudden cardiac arrest in amateur football clubs in Ger-
many (federal state Saarland). BMJ Open Sport & Exercise

7

https://doi.org/10.1016/j.amjcard.2006.10.053
https://doi.org/10.1161/CIRCULATIONAHA.108.804617
https://doi.org/10.1161/CIRCULATIONAHA.108.804617
https://doi.org/10.1016/j.amjcard.2019.05.050
https://doi.org/10.1080/10255842.2021.1948022
https://doi.org/10.1080/10255842.2021.1948022
https://doi.org/10.1016/j.resuscitation.2007.10.013
https://doi.org/10.1007/s10735-004-2666-8
https://doi.org/10.1007/s10735-004-2666-8
https://doi.org/10.1007/s10439-023-03235-9
https://doi.org/10.1007/s10439-023-03235-9
https://doi.org/10.1016/j.jelectrocard.2010.05.014
https://doi.org/10.1016/j.jelectrocard.2010.05.014
https://doi.org/10.1371/journal.pone.0060287
https://doi.org/10.1371/journal.pone.0060287
https://doi.org/10.1161/CIRCEP.116.004777
https://doi.org/10.1111/j.1540-8167.2008.01267.x
https://doi.org/10.1111/j.1540-8167.2008.01267.x
https://doi.org/10.1097/00045415-199905000-00009
https://doi.org/10.1097/00045415-199905000-00009
https://doi.org/10.3390/cimb46040207
https://doi.org/10.20517/2574-1209.2024.57
https://doi.org/10.20517/2574-1209.2024.57
https://doi.org/10.1016/j.jacc.2017.02.046
https://doi.org/10.1016/j.jacc.2017.02.046
https://doi.org/10.1177/0025802417712883
https://doi.org/10.1177/0025802417712883
https://doi.org/10.23736/S0022-4707.17.07776-3
https://doi.org/10.1016/j.jacep.2023.01.010
https://doi.org/10.1016/j.forsciint.2007.09.008
https://doi.org/10.1016/j.legalmed.2019.04.007
https://doi.org/10.1016/j.legalmed.2019.04.007
https://doi.org/10.1161/CIR.0000000000001281
https://doi.org/10.1161/CIR.0000000000001281
https://doi.org/10.1161/CIR.0000000000001274
https://doi.org/10.1161/CIR.0000000000001274
https://doi.org/10.1097/JSM.0000000000000297
https://doi.org/10.1097/JSM.0000000000000297
https://doi.org/10.1161/CIRCEP.123.011966
https://doi.org/10.1542/peds.2005-1270
https://doi.org/10.1016/j.hrthm.2024.05.018
https://doi.org/10.1016/j.hrthm.2024.05.018
https://doi.org/10.3810/psm.2010.04.1765
https://doi.org/10.3810/psm.2010.04.1765
https://doi.org/10.1177/26350254251326950
https://doi.org/10.1177/26350254251326950
https://www.imrpress.com


Medicine. 2025; 11: e002274. https://doi.org/10.1136/bmjsem
-2024-002274.

[44] Maron BJ, LinkMS. Don’t Forget Commotio Cordis. The Amer-
ican Journal of Cardiology. 2021; 156: 134–135. https://doi.or
g/10.1016/j.amjcard.2021.05.053.

[45] Maron BJ, Estes NAM, 3rd. Commotio cordis. The New Eng-
land Journal of Medicine. 2010; 362: 917–927. https://doi.org/
10.1056/NEJMra0910111.

[46] Zheng N, Liang M, Liu Y, Ren L, Zhu SH, Liu L. Imprudent
blow, catastrophic consequence: a case of commotio cordis as-
sociated with violence. Medicine, Science, and the Law. 2012;
52: 119–121. https://doi.org/10.1258/msl.2011.011088.

[47] Viano DC, Bir CA, Cheney AK, Janda DH. Prevention of com-
motio cordis in baseball: an evaluation of chest protectors. The
Journal of Trauma. 2000; 49: 1023–1028. https://doi.org/10.
1097/00005373-200012000-00008.

[48] Könemann H, Dagres N, Merino JL, Sticherling C, Zeppenfeld
K, Tfelt-Hansen J, et al. Spotlight on the 2022 ESC guideline
management of ventricular arrhythmias and prevention of sud-
den cardiac death: 10 novel key aspects. Europace: European
Pacing, Arrhythmias, and Cardiac Electrophysiology: Journal
of the Working Groups on Cardiac Pacing, Arrhythmias, and
Cardiac Cellular Electrophysiology of the European Society of
Cardiology. 2023; 25: euad091. https://doi.org/10.1093/europa

ce/euad091.
[49] Lampert R, Zipes DP. Updated Recommendations for Ath-

letes with Heart Disease. Annual Review of Medicine.
2018; 69: 177–189. https://doi.org/10.1146/annurev-med
-041316-090402.

[50] Nicholls RL, Elliott BC, Miller K. Impact injuries in baseball:
prevalence, aetiology and the role of equipment performance.
Sports Medicine (Auckland, N.Z.). 2004; 34: 17–25. https://do
i.org/10.2165/00007256-200434010-00003.

[51] Frishman WH, Alpert JS. Commotio Cordis and the Triumph
of Out-of-Hospital Cardiopulmonary Resuscitation. The Amer-
ican Journal of Medicine. 2023; 136: 401–402. https://doi.org/
10.1016/j.amjmed.2023.01.007.

[52] Maron BJ, Rowin EJ, Maron MS. Commotio cordis…once
again: Unusual occurrence in a noncontact sport. HeartRhythm
Case Reports. 2023; 9: 855–857. https://doi.org/10.1016/j.hrcr
.2023.10.013.

[53] Zeigler VL, Payne L. Sudden cardiac death in the young. Critical
Care Nursing Quarterly. 2010; 33: 219–232. https://doi.org/10.
1097/CNQ.0b013e3181e65f98.

[54] Link MS. Pathophysiology, prevention, and treatment of com-
motio cordis. Current Cardiology Reports. 2014; 16: 495. https:
//doi.org/10.1007/s11886-014-0495-2.

8

https://doi.org/10.1136/bmjsem-2024-002274
https://doi.org/10.1136/bmjsem-2024-002274
https://doi.org/10.1016/j.amjcard.2021.05.053
https://doi.org/10.1016/j.amjcard.2021.05.053
https://doi.org/10.1056/NEJMra0910111
https://doi.org/10.1056/NEJMra0910111
https://doi.org/10.1258/msl.2011.011088
https://doi.org/10.1097/00005373-200012000-00008
https://doi.org/10.1097/00005373-200012000-00008
https://doi.org/10.1093/europace/euad091
https://doi.org/10.1093/europace/euad091
https://doi.org/10.1146/annurev-med-041316-090402
https://doi.org/10.1146/annurev-med-041316-090402
https://doi.org/10.2165/00007256-200434010-00003
https://doi.org/10.2165/00007256-200434010-00003
https://doi.org/10.1016/j.amjmed.2023.01.007
https://doi.org/10.1016/j.amjmed.2023.01.007
https://doi.org/10.1016/j.hrcr.2023.10.013
https://doi.org/10.1016/j.hrcr.2023.10.013
https://doi.org/10.1097/CNQ.0b013e3181e65f98
https://doi.org/10.1097/CNQ.0b013e3181e65f98
https://doi.org/10.1007/s11886-014-0495-2
https://doi.org/10.1007/s11886-014-0495-2
https://www.imrpress.com

	1. Introduction 
	2. Literature Review 
	2.1 Epidemiology
	2.2 Pathophysiological Mechanisms
	Non-immediate Arrhythmias From Blunt Chest Trauma

	2.3 Postmortem Diagnosis and Medico-Legal Implications 
	2.4 Prevention
	2.5 Non-Sporting Contexts
	2.6 Future Directions of Research

	3. Conclusions 
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process

