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Abstract Background. Sudden death from cardiac ar-
rest in a young person may occur during sports play after
a blunt blow to the chest in the absence of structural car-
diovascular disease or traumatic injury (cardiac concus-
sion or commotio cordis). We studied the clinical features
of this apparently uncommon but important phenomenon.

Methods. We identified cases from the registries of
relevant agencies and organizations, as well as news-
media accounts, and developed a clinical profile of 25
children and young adults, 3 to 19 years of age.

Results. Each victim collapsed with cardiac arrest im-
mediately after an unexpected blow to the chest, which
was usually inflicted by a projectile (such as a baseball or
hockey puck). Incidents took place during organized com-
petitive sports in 16 cases and in recreational settings at
home, at school, or on the playground in 9. In each in-
stance, the impact to the chest was not judged to be ex-
traordinary for the sport involved and did not appear to

UDDEN death in a young athlete is a dramatic event

that has attracted considerable attention.! Most
such catastrophes have been shown to be the conse-
quence of unsuspected congenital or acquired cardio-
vascular disease.”'?> However, we attempted to expand
our understanding of sports-related sudden deaths by
focusing on a less well recognized cardiac-related cause
of death in young healthy people.!*!> We describe the
clinical profiles of a series of young sports participants
in whom blunt, nonpenetrating blows to the chest, ap-
parently insufficient to produce structural injury, re-
sulted in cardiac arrest and sudden death.

METHODS

The catastrophic events included in the present study were iden-
tified through reviews of the registries and available records of the
U.S. Consumer Product Safety Commission (Washington, D.C.), the
National Center for Catastrophic Sports Injury Research (Chapel
Hill, N.C.), and Little League Baseball (Williamsport, Pa.), as well
as from accounts in the news media. To be included, an event had
to satisfy the following conditions: it had to involve a blunt, nonpen-
etrating impact to the precordial area immediately preceding the
collapse; it had to have occurred during an organized competition or
game or while the victim was practicing or playing a sport; there
had to be no structural damage to the sternum, ribs, or heart; and
detailed documentation of the incident had to be available from au-
topsy and police reports, newspaper articles, and telephone in-
terviews with witnesses and family members. Of the 25 incidents
included in the study, 20 occurred between 1986 and 1995 and 5 be-
tween 1977 and 1983; 4 of the 25 incidents have been described pre-
viously.!o18

RESULTS
Demographic Characteristics

The ages of the 25 victims ranged from 3 to 19 years
(with a mean of 11); 18 of them were under 16 years
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have sufficient force to cause death. Twelve victims col-
lapsed virtually instantaneously on impact, whereas 13
remained conscious and physically active for a brief time
before cardiac arrest. Cardiopulmonary resuscitation was
administered within about three minutes to 19 victims, but
normal cardiac rhythm could be restored in only 2 (both
incurred irreversible brain damage and died shortly there-
after). Seven victims (28 percent) were wearing some
form of protective chest padding.

Conclusions. We speculate that most sudden deaths
related to impact to the chest (not associated with traumat-
ic injury) are due to ventricular dysrhythmia induced by an
abrupt, blunt precordial blow, presumably delivered at an
electrically vulnerable phase of ventricular excitability. This
profile of blunt chest impact leading to cardiac arrest adds
to our understanding of the range of causes of sudden
death on the athletic field and may help in the development
of preventive measures. (N Engl J Med 1995;333:337-42.)

old. Twenty-four subjects were male and 1 was female;
22 were white and 3 were black. The deaths occurred
during participation in a variety of sports but were
most common in baseball or softball (n=18) (Fig. 1
and Table 1). Of the 25 victims, 16 were participating
in organized competitive sports (during a game in
8 cases or during practice for competition in 8 others);
5 were high-school students, 1 was in college, 1 was a
professional athlete, and 9 were participating in youth
sports, including Little League baseball. The remain-
ing nine subjects were not considered to be competitive
athletes, and their deaths occurred during recreational
sports activities at home, at a playground or park, or at
school.

Characterization of the Impact to the Chest
Competitive Sports

In each of 12 of the 16 victims who were engaged in
interscholastic or community-organized competition, lo-
calized impact to the precordium was caused by a blunt
projectile propelled against the stationary chest wall;
the projectiles were most commonly baseballs (n=9),
but also included hockey pucks in two cases and a la-
crosse ball in one. The other four athletes each received
a blow to the chest with broader surface contact, from
a football helmet during a tackle, the heel of a hockey
stick, a karate kick, or an opponent’s shoulder (i.e., a
body check during a hockey game) (Table 1).

Nine of these 16 competitive athletes were partici-
pating in organized baseball. Six of the nine baseball
players were batters — five were struck by a pitched
ball and one by a ball ejected from a pitching machine.
In each of these six incidents, the body size and athletic
ability of the pitcher and the speed of the ball were not
considered to be extraordinary (the speeds were esti-
mated or measured to be 48 to 80 km per hour [30 to
50 miles per hour] at distances of 12 to 14 m [40 to 45
ft]). The circumstances of the other three baseball-
related fatalities were somewhat different. In one, a
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Figure 1. Participation in Competitive and Recreational Sports at
the Time of Sudden Cardiac Death Induced by Blunt Impact to
the Chest.

catcher was struck directly in the middle of the chest
by an undeflected ball pitched at a distance of 18 m (60
ft) (Subject 16, Table 1). In two other instances, a play-
er in the field was struck in the chest by a ball (one,

Aug. 10, 1995

Subject 19, by a hard-hit line drive traveling 30 m [100
ft], and the other, Subject 24, by a ball thrown 37 m
[120 ft]).

Recreational Sports

Nine other deaths (of young people 3 to 16 years of
age; mean, 6 years) occurred during play in informal
settings either at home, at a playground or park, or in
school; seven of these incidents involved baseballs and
two involved softballs (Table 1). In each case, a ball
struck a child in the chest at relatively close range after
being batted or thrown either along the ground or in
the air, in an arc or on a line. Bystanders judged that
the speed of the ball on impact was not unusual. In
cach instance, the ball had been hit or thrown by a
friend or relative of the victim (seven were parents or

siblings).
Circumstances of the Collapse

After the blunt impact to the chest, 12 of the 25 vic-
tims collapsed to the ground virtually instantaneously,
apparently in cardiac arrest. In the other 13, death was
not instantaneous (Table 1). Some of these victims col-
lapsed to the ground immediately on impact and others
remained standing, but all of them then briefly per-
formed some kind of conscious physical activity or

Table 1. Clinical Data on 25 Victims of Blunt Impact to the Chest Resulting in Sudden Cardiac Death.

CPR IN CHEST CHEST
SuBJECT No. AGE (YR)/SEX SPORT* CIRCUMSTANCES OF IMPACT TO THE CHEST COLLAPSET =<3 MINE PADDING CONTUSION§
1 3/M Baseball (R) Struck by ball batted off T-ball stand 6—8 m (20-25 ft) away by A Yes No Yes
6-year-old brother near home
2 3/M Baseball (R) Struck by ball batted at close range (5 m [15 ft]) by 10-year-old 1 Yes No No
brother in front yard of home
3 4/F Softball (R) Pitcher struck by ball batted at close range by 9-year-old sister 1 Yes No No
in back yard of home
4 4/M Baseball (R) Struck by ball batted by father along the ground (30 m [100 ft]) A Yes No Yes
that suddenly bounced up; in back yard of home
5 5M Baseball (R) Struck by line-drive hit by adult friend on playground I Yes No No
6 6/M Baseball (R) Struck by ball thrown by mother (26 m [85 ft]) in 45-degree arc, A Yes No Yes
in back yard of home
7 ™ Baseball (R) Struck by batted ball while standing 5 m behind and to the right 1 No No Yes
of batter, an 8-year-old brother, in back yard of home
8 8/M Baseball (C) Batter struck by ball pitched 14 m (45 ft) by 12-year-old during A Yes No Yes
batting practice
9 8/M Baseball (C) Batter struck by ball pitched 14 m by 9-year-old during game 1 Yes No No
10 IM Baseball (C) Batter hit by ball pitched 12 m (40 ft) during game A Yes| No No
11 9M Baseball (C) Batter hit by ball pitched 12 m during game A Yes| No Yes
12 10/M Baseball (C) Batter struck by ball pitched 14 m by 9-year-old during game A No No Yes
13 10/M Baseball (R) Struck by batted line drive at 12 m while attempting to catch ball 1 Yes No Yes
during school recess
14 12/M Baseball (C) Batter hit by ball ejected by pitching machine at 14 m 1 Yes No Yes
15 14/M Lacrosse (C) Goalie hit by shot on goal at 14 m during practice 1 Yes Yes Yes
16 14/M Baseball (C) Catcher hit by pitched ball at 18 m (60 ft) during game A Yes Yes No
17 15/M Hockey (C) Struck by puck from a forehand shot at 6 m (20 ft) during game A Yes Yes Yes
18 15/M Hockey (C) Struck by puck from forehand slap shot at 9 m (30 ft) during game 1 Yes Yes Yes
19 16/M Baseball (C) Hit by batted line drive at 30 m during batting practice 1 Yes No No
20 16/M Karate (C) Kicked sharply by opponent at close range during match 1 Yes No No
21 16/M Softball (R) Struck by batted ball at 27 m (90 ft) during family game in pub- A No No No
lic park
22 16/M Hockey (C) Bodily collision with another player (i.e., body check) during A Yes Yes No
game — shoulder thrust into left chest area of victim
23 18/M Football (C) Struck by helmet while tackling ball carrier during game A No Yes No
24 18/'M Baseball (C) Struck near second base by ball thrown by catcher 37 m A No No No
(120 ft) during pregame practice
25 19/M Hockey (C) Slashed with heel of hockey stick at close range during game 1 No Yes No

*R denotes recreational sport, and C competitive sport.
TA denotes a victim who demonstrated some activity after impact and before final collapse, and I, instantaneous collapse.
$CPR denotes cardiopulmonary resuscitation.
§A yes indicates a contusion was present on the left precordium, probably representative of the site of impact.
{[Victim was in a coma, with irreversible brain damage, four days (Subject 11) or nine days (Subject 10) before death.
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movement — opening their eyes, rising to a standing
position (or attempting to do so), speaking or crying,
vomiting, picking up and throwing a baseball, or walk-
ing or skating a few feet — before subsequently collaps-
ing once again, apparently in cardiac arrest. None of
these victims had cyanosis or respiratory distress short-
ly after the impact.

Resuscitation

In 19 of the 25 victims, efforts at cardiopulmonary
resuscitation were initiated by bystanders or emergen-
cy medical technicians immediately or in a timely fash-
ion (within about three minutes) (Table 1). Seven of
these initial resuscitation attempts were carried out by
trained personnel, including a registered nurse, a fire-
fighter, physicians, and nonprofessionals trained in
cardiopulmonary resuscitation. In each incident, li-
censed emergency medical technicians (either from
mobile units or in the hospital emergency room) later
became directly involved. In only two subjects (both
nine-year-old baseball players, Subjects 10 and 11)
was cardiac rhythm ultimately restored as a result of
timely resuscitative efforts; however, each experienced
irreversible brain damage and ultimately died in coma,
nine and four days, respectively, after their initial col-
lapse.

Protective Padding

Among the 25 study subjects, 18 (72 percent) were
not wearing clothing that could be regarded as protec-
tive, and therefore their chests had been fully exposed
to the impact. Seven other victims (28 percent), all
competitive athletes, were wearing some type of stand-
ard, commercially available protective gear or padding,
which appeared to cover the area of impact in the mid-
chest. Four of these seven were playing hockey; of the

A
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other three, one was a football player, one was a la-
crosse goalie, and one was a baseball catcher (Table 1).

In three deaths, the protective equipment worn —
commercially available gear designed to protect the
chest — was known specifically to be composed of hard
plastic with adherent foam-and-fabric covering (worn
by Subject 17 to play hockey) or foam closed in fabric
(worn by Subject 18 to play hockey and Subject 15 to
play lacrosse). It was suggested in one of the hockey-
related fatalities (Subject 17) that the chest padding
may have moved up during play, allowing the puck to
come into direct contact with the unprotected chest

wall (Fig. 2).

Autopsy Findings

Complete autopsy examinations, employing stand-
ard procedures and techniques and including careful
examination of the coronary arteries, were performed
in 22 of the 25 victims by the medical examiners. Each
of these 22 subjects was free of structural cardiovascu-
lar diseases known to cause sudden death in young peo-
ple."'2 Heart weights, wall thicknesses, and cavity di-
mensions were judged to be normal, and there was no
evidence of active or healed myocarditis, myocardial
infarction, congenital coronary anomalies, aortic rup-
ture, or any traumatic injuries to the heart, coronary
arteries, or great vessels that might have contributed to
or caused death. Valvular heart disease was absent, al-
though one 12-year-old boy who died while playing
baseball (Subject 14) had incidental findings suggestive
of a floppy mitral valve.

In 12 victims, small contusions on the surface of the
left side of the chest were judged to be the consequence
of the blunt impact (Table 1 and Fig. 3). These lesions
were oval or circular abrasions or bruises, 0.6 to 5.0 cm
in diameter, and were located in the mid-precordium,

Figure 2. A 15-Year-Old Victim of Blunt Nonpenetrating Impact to the Chest Delivered by a Hockey Puck (Subject 17).

The incident occurred during a competitive interscholastic hockey game in which the boy rose from a prone position after a melee in
front of the goal, raised his arms above his head, and was struck in the chest at close range by a puck from a forehand shot toward
the goal. Panel A shows the boy with his protective chest gear removed. A relatively small mid-precordial contusion (3 cm in diameter)
produced by the impact of the puck is present just to the left of the sternum, demarcated by the blue circle; the blue line delineates
the inferior margins of the rib cage. Panel B shows the plastic-and-foam chest and shoulder protector in its proper position as worn
by the victim (with arms at his sides); here the contusion appears to be covered by the chest protector. In Panel C, the arms of the
victim are raised (to simulate their position at the moment of the accident, when the victim was attempting to break the flight of the
puck), elevating the chest and shoulder padding and leaving the area of impact unprotected.
Downloaded from www.nejm.org on October 12, 2008 . For personal use only. No other uses without permission.
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Figure 3. Schematic Representation of the Locations of Impact

Points (Contusions) Judged to Have Been Produced by Base-

balls (N=10), a Hockey Puck, and a Lacrosse Ball on the Ante-
rior Chest Walls of 12 Victims of Commotio Cordis.

The estimated contour of the heart is indicated by the heavy line.

usually to the left of the sternum and extending later-
ally to the nipple line (Fig. 3). Therefore, the vast ma-
jority of the precordial contusions appeared to be di-
rectly over the left ventricle. Other minor bruises, small
lacerations, and puncture wounds identified on the
chest wall, heart, pericardium, and lungs, as well as
one fractured rib, were judged to represent the conse-
quences of resuscitative efforts in 11 victims. Postmor-
tem toxicologic examination of blood or urine was per-
formed in 15 of the 25 subjects and was negative in
each case.

DiSCcUSSION

This report describes a series of young sports partic-
ipants in whom sudden, blunt, nonpenetrating impact
to the chest was responsible for virtually instantaneous
cardiac arrest and death, with no accompanying trau-
matic injury to either the heart or the great vessels.!52
These catastrophes, previously referred to as cardiac
concussion or commotio cordis,'®?! are notable because
they occurred in structurally normal hearts without in-
jury to the myocardium, cardiac valves, or coronary
arteries,’>?® in contrast to the circumstances in other
athletic-field deaths that are known to be the conse-
quences of structural and usually congenital heart dis-
orders.*"?

We found examples of cardiac arrest induced by

Downloaded from www.nejm.org on October 12, 2008

Aug. 10, 1995

blunt impact that occurred either during competitive
athletic activities or in play. An element common to all
of these incidents was a blow to the chest that did not
appear to be of sufficient force or magnitude to cause
cardiac arrest, so that the dramatic physiologic conse-
quences seemed greatly disproportionate to the appar-
ent trauma.

In the present study group, sudden death after a
blunt impact to the chest occurred most often in chil-
dren participating in competitive youth baseball, an
activity in which this issue has perhaps stirred the
greatest debate.!72+20 The most common scenario
involved a batter being struck in the mid-chest by a
pitched ball, thrown with a velocity judged by witnesses
not to be unusual for the game. However, cardiac arrest
resulting from blunt impact was not caused only by
baseballs; other projectiles, including a hockey puck
and a lacrosse ball, delivered at apparently normal
velocities, were responsible for similar catastrophes.
Therefore, the great majority of deaths encountered in
this study involved relatively localized point contact
with the middle of the chest. On the other hand, in
about 15 percent of the victims, there was more exten-
sive, broad-surface contact with the chest, as a result of
bodily collision, tackling, or kicking.

The precise mechanisms of cardiac arrest in com-
motio cordis have not been determined with certainty.
Several theories have been advanced, involving apnea,
profound vasovagal reflex, and primary ventricular
arrhythmia.'*!® The last-mentioned is probably the
most credible explanation, because it is consistent with
the mechanism demonstrated in animal models, in
which ventricular fibrillation was produced by experi-
mentally propelling baseballs at high speed at the ani-
mals’ chests,?* as well as with the clinical profile de-
veloped for the majority of victims described in the
present study. In most of these events, a focused impact
of short duration with virtually no rebound (by a base-
ball, for example) could be expected to effect a rapid
and almost complete transfer of energy to the chest.
Such a sudden blow would theoretically be lethal if de-
livered by chance at an especially vulnerable period of
the cardiac cycle (e.g., the upstroke or peak of the
T wave),??® disrupting the electrical stability of the
heart and eliciting repetitive activity. External mechan-
ical cardiac stimulators positioned on the precordium
have been shown to be capable of easily and reproduc-
ibly inducing ventricular premature beats in both ani-
mals and patients with and without heart disease.?*
This suggests that the mechanism for commotio cordis
may be precipitation of a premature beat, which in turn
elicits ventricular fibrillation.

Sixty percent of the victims appeared to have had
virtually instantaneous cardiac arrest at the time of
the impact (presumably with ventricular fibrillation),
whereas the other 40 percent, after either collapsing
immediately on impact or remaining upright briefly,
were conscious and active in the ensuing moments
(e.g., rising, standing, walking a few steps, or speaking)
before finally collapsing once again, this time in cardiac
arrest. These descriptions of noninstantaneous death
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suggest that brief periods of primary arrhythmia (such
as ventricular tachycardia) occurred initially, followed
by rapid deterioration into ventricular fibrillation. In
addition, the higher incidence of commotio cordis in
young people (70 percent of our patients were <16
years of age and none were =20) suggests that children
may be more susceptible because of their particular tho-
racic architecture, possibly by virtue of greater chest-
wall compliance.'®!”

These observations raise questions bearing on public
safety and health — in particular, whether some form
of chest protection would reduce this type of fatal inju-
ry in certain organized games (such as for the batter in
youth baseball). Certainly, the majority of the victims
were not wearing protective padding capable of reduc-
ing impact to the critical precordial area. However, it
should also be emphasized that 28 percent of the vic-
tims (44 percent of the competitive athletes) were in
fact wearing some kind of standard padding that theo-
retically should have reduced the direct impact to the
chest; they included a baseball catcher, a lacrosse goal-
ie, a football player, and four hockey players. This ob-
servation would suggest that the chest padding worn by
these athletes was ineffective in absorbing the energy
transfer on impact. For example, one 15-year-old hock-
ey player wore standard shoulder and chest padding
that may have become displaced just before contact,
leaving his lower chest unprotected. Therefore, before
blanket policies are instituted for large populations
judged to be at risk,? future efforts at protecting young
athletes from the consequences of nonpenetrating blunt
impact to the chest should focus on identifying the
mechanisms responsible for cardiac arrest in these cas-
es and on the optimal designs for chest protectors and
softer-core baseballs.?%>3!

Another feature of commotio cordis is the apparently
low rate of rescue — that is, the inability of others
to resuscitate victims successfully despite reasonably
prompt cardiopulmonary resuscitation or electrical car-
dioversion and the fact that the heart is structurally
normal. We could find only one report of the successful
resuscitation of a victim after what appeared to be
commotio cordis.”” Because of the unusual nature of
cardiac arrest induced by blunt impact, the possibility
may be raised that occult or unrecognized structural
cardiovascular disease or drug abuse somehow contrib-
uted to these catastrophes. We believe that this is un-
likely, since all the victims had been healthy, without a
history of heart disease, and all autopsy and toxicologic
examinations were normal. On the other hand, since
none of the victims had had cardiovascular assess-
ments during life, electrocardiograms were not avail-
able to rule out rare congenital conditions undetectable
at autopsy, such as the long-QT syndrome.?>** Also,
since detailed analysis of the conduction system is not
a standard part of the autopsy examination performed
by medical examiners, structural abnormalities in this
region of the heart could not be definitively ruled out
in our study subjects.!3*

This study does not address the prevalence of cardi-
ac arrest induced by blunt impact to the chest. Un-
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avoidable limitations in the identification and selection
of cases prohibited the assembly of a consecutive series
reflecting the true frequency of these catastrophes.
However, we believe that because a comprehensive
registry is lacking, injuries of this nature are probably
underreported. Nevertheless, blunt impact to the chest
leading to sudden death is undoubtedly uncommon,
not unlike the sudden catastrophes occurring in young
athletes that are due to underlying cardiovascular dis-
ease.”'2% However, the relative rarity of commotio
cordis does not reduce its importance and should not
prevent its recognition as a true clinical event (rather
than as an inexplicable random phenomenon that de-
fies logic). Indeed, cardiac arrest induced by blunt im-
pact has been so poorly understood that athletic-field
deaths of this kind have occasionally been regarded
as criminal acts rather than as physiologic catastro-
phes.*

We hope that this profile of 25 cases of commotio
cordis will provide the basis for a better understanding
of this clinical entity and will stimulate efforts to define
its mechanism. We hope this information will also aid
in the development of measures to prevent a phenome-
non that is responsible for the unexpected deaths of
healthy young people.
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