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Abstract

Introduction: Commotio cordis, from Latin “agitation of the heart” is a potentially fatal
sudden disruption and alteration of heart electric activity. It is usually caused by relatively
mild blunt non-penetrating trauma to the specific point on anterior part of the chest wall
during beginning of the heart muscle repolarization phase. It leads to ventricular fibrillation
presenting as a collapse few seconds after the blow. It can be lethal without taking proper
steps of management in a short ammount of time.

Materials and Methods: databases including “PubMed”, “Cochrane” and “Google Scholar”
Keywords: commotio cordis; ventricular fibrillation; sudden death; sudden cardiac death;
sudden cardiac arrest; AED

Abbreviations: CC - commotio cordis, VF - ventricular fibrillation, AED - automatic

external defibrillator

History

CC is not a new phenomenon, first mention of incident resembling CC dates to 1879 and it
describes a man dying shortly after being struck into upper sternum with a stone.*”) Another
case comes from a note in a British newspaper from 1898 mentioning death of a 13 year old
boy struck by a cricket ball during practice game. Cause of death was back then described as a
“shock to the heart”.l'! From 1932 to 1934 Schlomka and Hinrichs conducted number of
studies that resulted in describing, dividing and naming non-penetrating chest wall injuries
depending on severity of heart damage.?®! They distinguished commotio cordis and contusio
cordis - first of which came with no evidence of structural heart trauma and the latter with

visible damage. Results of their studies on rabbit models proved that blow to a chest wall can
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produce VF and other ECG abnormalities like ST-segment shifts and conduction blocks.
However, the mechanism was unclear. Some of the theories suggested abnormal vagal nerve
response or mechanically induced coronary vasoconstriction, both of which were
subsequently proved unlikely. During the post-war period number of publications about CC
decreased. The condition started to draw interest again during 1970s, bringing deeper
understanding of its epidemiology. Multiple studies on porcine models, conducted in 1990s,
confirmed VF as a direct cause of death in CC.[*'l A study on rabbits from 2006 examined
action potential of left ventricle muscle in response to sudden stretch. It threw a light on a
mechanism of CC proving that sudden stretch of myocardium during a vulnerable period of
repolarization can elicit VF.I4l In 1996, The United States Commotio Cordis Registry was
founded to gather data about CC incidences. The oldest case included in this register comes
from 1958 with further gap of almost no cases until late 1970s when more incidents of CC
started to be described. This gap shows a probable underreporting of cases due to low

recognition of the disease.?126]

Epidemiology

Commotio cordis, even though being relatively rare, is the second leading cause of a sudden
cardiac death among young athletes in the USA. It is outnumbered only by hypertrophic
cardiomyopathy and followed by coronary-artery anomalies.[?! It is estimated that occurrence
of death related to commotio cordis ranges between 10 - 20 incidences a year.[! Typically
affected are young people without any medical history of previous heart disease, either
structural or electrical. Mean age of patients is 15 years. Most cases occurre between 10 and
20 years of age, although people younger and older can also be affected. It is thought that
more compliant chest wall at young age predisposes to occurrence of commotio cordis. Thin
physique is also a risk factor as less tissue surrounds the heart. Young men more often than
women or older people engage in contact sports and risky behaviours, making them 95% of
cases. 78% of patients are white. Sports with the highest risk of CC occurrence include
baseball (leading in number of cases), softball, lacrosse, hockey and martial arts. Majority of
activities mentioned above include playing with a small object with hard core. Bigger balls
with soft cores tend to deform after impact and absorb much of the energy, thus cases of
commotio cordis, although happen, are rarer in sports like soccer or basketball. Smaller
objects disperse less energy and are more likely to induce CC.[*1 Even though commotio
cordis often happens during sports, it has also been reported in other situations, such as

collisions with body parts e.g. fists, knees and elbows. For more than 190 cases reported in
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the United States 47% happened while playing sports.!®) Mortality related to commotio cordis
consecutively decreased over the course of years.!”l This phenomenon was most likely
observed due to increasing awareness about the condition and its treatment, broader
availability of AED and better knowledge of proper cardiopulmonary resuscitation amongst
the population. Data reports that survival rate of acknowledged cases of CC before 1975 was
0% (8 out of 8 people died). The mortality level was constantly decreasing — survival rate
reached up to 58% during the period of 2006-2012 (31 out of 53 people were successfully

resuscitated).!!’]

Mechanism

In a study explaining possible mechanism of sudden death due to low-energy impact to the
chest experimental swine model showed that appropriately timed blow using a wooden item
(resembling a regulation baseball) at a velocity of 40-60 mph can trigger ventricular
fibrillation. Six lead coronal electrocardiograms were mounted on experimental animals to
monitor electrical activities of the heart. 9 out of 10 impacts timed 30 to 15 msec before peak
of T wave (which makes 1-3% of cardiac cycle) provoked ventricular fibrillation. Impacts
outside this window, but still on the upslope of T wave, were more likely to produce
nonsustained VF.P!

Another study proved that only direct blows over the cardiac silhouette result in triggering VF
(12 of 78: 15% vs. 0 of 100 for noncardiac sites: p < 0.0001). Blows to the center of the heart
(between 2nd and 4th rib at left side of the sternum) were more effective in generating VF
than to the other sites of precordium (7 of 23; 30% vs 5 of 55; 9%, p = 0.02).I"! Besides that, 4
out of 10 impacts synchronized with QRS complex caused transient complete atrioventricular
heart block lasting from 2 to 7 beats with consecutive spontaneous regain of physiological AV
node function.*! Considering transient character of the block, it can be assumed that it could
lead to collapse but wouldn’t be fatal, so it is not a proposed mechanism for commotio cordis.
Out of 22 impacts during times of cardiac cycle other than upslope of a T wave 0 provoked
ventricular fibrillation. Another ECG findings after blow to the chest, irregardless of heart's
electrical phase, were: ST segment elevation, left bundle-branch block, polymorphic
ventricular tachycardia - none of which resembled life threatening event. It was estimated that
for a baseball the most effective velocity in causing VF was that of 40 mph (effectiveness of
70%). Higher velocities -50 mph and above, tended to produce structural damage (e.g. valve

rupture, cardiac muscle rupture, tamponade) rather than electrical disturbances. !
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Rapid rise in left ventricular pressure after blow may result in mechanical activation of
electrical system of the heart.'¥ Depending of shape of the object, its velocity, hardness and
location of impact the pressure it generates can vary.[?3! Threshold pressure for generating VF
was estimated to be around 250-300 mmHg and the highest probability of triggering VF
occurred around 600 mmHg.[”! Further increase of generated peak pressure decreased
likelihood of generating VF and increased rate of structural damage.

On the cellular level the mechanism is still not completely understood. It is assumed that
sudden increase in pressure during early repolarization phase causes stretch of cellular
membrane and activation of stretch-sensitive cation-nonselective channels. It is followed by
mechano-electric coupling that triggers afterdepolarization and causes premature ventricular
contraction that starts to circulate around myocardium producing VF.I'71 [201 Blockade of
stretch-sensitive potassium channels with glibenclamide in porcine models reduced incidence
of CC-caused VF. As these channels are more active during hypoxic state, strenuous physical
exercise can potentially increase likelihood of developing VF due to chest blow.!41131116]

In addition, experimental swine models showed that there was an exceptionally increased risk
of generating chest impact-induced VF in 2% of researched subjects suggesting that there can
exist a genetic predisposition. Besides that the study showed a great variety between
researched subjects in terms of susceptibility to generating VF due to blow ranging from 0%

to 100%.1°!

Presentation and diagnosis

CC usually presents as collapse immediately or few seconds after blunt chest trauma. In this
few seconds, injured person can be still standing or continue previous activity. For instance,
one of the cases reports a 7-years old boy that after being hit by a baseball still managed to
pick up the ball and throw it.[>°]

Severity of the event may remain unrecognized for the first seconds to minutes, as the impact
to the chest may seem insignificant and harmless to surrounding people. It can delay accurate
diagnosis and thus worsen the outcomes. In some sports like box or other martial arts the
incident can resemble losing consciousness due to brain concussion (known as knock-out),
concealing true nature of the event and extending reaction time. Mortality rate reaches up to
97% when proper action is not taken under 3 minutes, so it is crucial to assess vital signs

immediately after person loses consciousness and start CPR if pulse is absent.[! Proper
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diagnosis is often made afterwards based on circumstances of the event and, if available, ECG
readings showing VF from the time of cardiac arrest. After excluding other probable causes of

cardiac arrest, a diagnosis of CC can be made.

Post mortem diagnosis

It is often impossible to give a certain diagnosis of death as a result commotio cordis as there
are other possible causes of sudden cardiac death that cannot be excluded e.g. inherited
arrhythmias disorder or arrhythmogenic cardiomyopathy. Being given the circumstances of
the incident one can suspect CC with high probability. The criteria that should hint into
diagnosing CC in post mortem evaluation are as follows:

1. Cardiovascular collapse preceded by blunt, non-penetrating trauma to the precordium.

2. Lack of structural damage of the chest wall, thoracic cavity or heart resembling contusio
cordis as a result of the blow.

3. Negative medical history of underlying heart disease that could also possibly lead to sudden
cardiac death.!

4. VF on ECG if it was obtained at the time of the incident.

Treatment

After diagnosis of cardiac arrest, the management is a standard CPR until a cardiac
defibrillation can be performed using either AED or manual external defibrillator. Healthcare
professionals, if not present, should be alerted immediately. The time appears to be vital. The
initiation of CPR after trauma should be immediate. Survival rate equals 40% when assistance
is rendered before 3 minutes passing and 5% if CPR begins after that time.['”) Defibrillation
allows to cease VF and restore a normal heart rhythm so it should be performed as soon as
possible to shorten the period of cerebral hypoxia and thus to improve patient’s prognosis.!®!
(11 In animal model, defibrillation after a minute of inducing VF appears to be successful in
restoring spontaneous circulation in 100% of cases, 92% after 2 minutes, 45% after 4 minutes
and 25% if it’s done after six minutes.[*? Additional measures, such as airway support with
ventilation and epinephrine administration, can be taken in cases of prolonged resuscitation.
After successful restoration of normal heart rhythm, post-resuscitation care algorithm should
be applied.!'”! Survivors of CC should undergo extensive workup on underlying heart disease
including ECG, echocardiogram, cardiac MRI, stress testing, testing for Brugada and long-QT

syndromes as possible causes of cardiac arrest.[?!]
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Prevention

Generally, commotio cordis is hardly preventable. However, there are steps that can be taken
to decrease the risk of sudden ventricular fibrillation due to trauma.

1. Education and AED

All competitors and spectators of competitive athletics should be aware of this potentially
fatal condition and trained to perform CPR. Availability, proper placement of AED and
understanding of its usefulness in situations of sudden cardiac arrest seem to be essential in
increasing survival rate. AED should be located in a visible place in sport venues during
every match and training. People should be advised to protect their chests against trauma and
try to avoid being hit in precordial area. Rules forbidding blocking balls with chests in some
sports could be implemented.

2. Avoiding high-risk sports among survivors

As there can be a genetical predisposition to developing VF as a result of chest blow,
survivors are generally advised to avoid contact sports or other activities that carry risk of
being hit on the chest wall.[)2!]

3. Better sport gear

In a study that evaluated the mechanism of commotio cordis using swine models, researchers
tried to use three types of softer baseballs compared to regulation ball to conclude if using
softer balls would reduce the risk of ventricular fibrillation. It appeared that incidence rate of
ventricular arrhythmia decreased significantly with softer balls. The softest balls corresponded
with the lowest risk.[* 241 That study proves that there is room for improvement in terms of
preventing commotio cordis amongst baseball players and possibly players of other ball-
related activities with risk of being struck on the chest.

Studies on commercially available chest wall protectors did not show their effectiveness in
preventing commotio cordis, but extensive research is needed to decide whether protectors
that cover every part of the heart, even during body movement, would be effective. 11121 In a
recent study from 2017, the researchers managed to construct a chest wall protection, from
specific materials, that was significantly reducing risk of CC (from 54% to 5%) on animal
models.['*] Keeping lives of young athletes in mind, it would be desirable to incorporate the

results of this study into design of the sport gear.

Summary
Commotio cordis is rare but unpredictable and hardly preventable cause of death in otherwise

healthy young people. Raising medical awareness amongst population can improve the
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prompt recognition of the CC and help to act appropriately in order to prevent possible death.

Knowing that the mortality rate is 97% if the condition is not treated under 3 minutes should

indicate the importance of spreading knowledge about CC and taking proper preventing steps.

Using risk-lowering sport gear is a method of prevention that often requires making some

compromises in terms of convenience but should be taken under consideration especially

within the group at risk as the life could be at stake.
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