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Sudden Death Associated With Anomalous Coronary
Origin and Obstructive Coronary Disease in the Young
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Abstract: Sudden cardiac death in a young patient is a catastrophic
occurrence. Anomalous coronary origin (ACO) is a significant cause
of sudden cardiac death among individuals under the age of 35
years. We sought to define the premortem clinical and postmortem
histopathologic findings in victims of sudden cardiac death resulting
from either ACO or obstructive atherosclerotic coronary artery
disease (CAD) among U.S. military recruits (ages 17–35 years). The
autopsy records of all sudden cardiac deaths occurring among
recruits during their basic military training period from 1977
through 2001 were reviewed. Twenty-one deaths were associated
with ACO and 10 with CAD. Recruits with ACO were more likely
to have prodromal symptoms of exertional syncope and/or chest
pain (48% vs. 0%, P � 0.011). All sudden cardiac deaths resulting
from ACO involved a left main coronary artery takeoff from the
right coronary sinus with a course between the aorta and the right
ventricular outflow tract and an otherwise normal distribution of the
major epicardial coronary arteries. Myocardial fibrosis was seen
equally in those with both CAD and ACO (30% vs. 20%, P � 0.66),
but the finding of necrosis tended to be more common among
recruits with CAD (50% vs. 15%, P � 0.08). In conclusion, review
of autopsy data of sudden cardiac deaths among U.S. military
recruits reveals myocardial fibrosis or necrosis occurred in 70% of
cases with CAD and 35% of cases with ACO. Sudden cardiac deaths
resulting from ACO were more likely to be associated with premor-
tem exertional chest discomfort and/or syncope compared with
deaths resulting from CAD.
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The finding of anomalous coronary origin (ACO), although
rare in the population at large, is an acknowledged cause

of sudden cardiac death (SCD) in adolescents and young
adults.1–4 Recent work has clearly defined ACO as a leading
cause of sudden death among military recruits.5 Of 64 sudden
cardiac deaths identified among 6.3 million recruits undergo-
ing basic military training from 1977 through 2001, most
(61%) were attributed to coronary artery pathology. Among
these, slightly more than half (54%) were the result of ACO.

Patients with ACO may report syncope or chest dis-
comfort with exertion, but they usually have normal electro-
cardiograms and normal cardiac stress tests.3 Although myo-
cardial damage has been infrequently shown in young
subjects with either ACO or atherosclerotic coronary artery
disease (CAD), the relative contributions of recurrent myo-
cardial injury, myocardial scarring, and cell death in the
pathophysiology of SCD in these subjects is uncertain at this
time.2,3

METHODS
Nontraumatic deaths were identified through the De-

partment of Defense Recruit Mortality Registry in the Med-
ical Mortality Surveillance Division at the Office of the
Armed Forces Medical Examiner.6,7 Deaths were eligible for
study if the fatal incident occurred while in an enlisted status
before completion of basic military training in the U.S. Air
Force, Army, Marine Corps, or Navy from 1977 through
2001. Deaths were included in this analysis if they were
categorized as a SCD, had identifiable coronary artery pa-
thology at autopsy that was considered to be contributory to
their deaths, and had no evidence of other significant struc-
tural heart disease.

Sudden death was recognized as an event resulting in
death or terminal life support within 1 hour of the inciting
event. Deaths were considered cardiac in origin if there was
autopsy documentation of cardiac pathology along with an
appropriate clinical scenario.

The presence of a coronary artery anomaly, coronary
atherosclerosis with the degree of luminal obstruction, and
histologic abnormalities on cardiac microscopic examination
were abstracted from autopsy reports and Armed Forces
Institute of Pathology consultative reports. Measurements
and histopathology were unavailable for only 1 death (which
was the result of ACO).
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Descriptive statistics were calculated for continuous
and categorical variables. Student t test was used to compare
normally distributed continuous variables and the Kruskal-
Wallis test was used for nonparametric data. Significant
differences were considered if the P value was �0.05. Anal-
ysis was performed using JMP Professional (SAS Institute,
Cary, NC).

RESULTS
There were 39 deaths attributed to coronary artery

pathology (Table 1). Most were the result of ACO (54%) and
CAD (26%). There was a significant difference in the median
age of recruits who died of CAD compared with ACO (26 vs.
19 years, P � 0.006) (Table 2). Recruits with ACO were
more likely to have had prodromal symptoms than those with
CAD (P � 0.011), although there was no statistically signif-
icant difference in the timing of death from the onset of
military training. Of those identified with prodromal symp-
toms, chest pain was present in 6 (from 2 hours to 2 weeks
before death) and/or syncope was present in 4 (from 48 hours
to 6 years before death).

All SCDs resulting from ACO involved a left main
coronary artery takeoff from the right coronary sinus with a
course between the aorta and the right ventricular outflow
tract and an otherwise normal distribution of the major
epicardial coronary arteries. In all cases of SCD due to CAD,
obstructive disease (�70%) of the left anterior descending
artery was present. Four of the 10 recruits with CAD had
multivessel disease. Myocardial fibrosis was seen equally in
those with both CAD and ACO (30% vs. 20%, P � 0.66), but
the finding of necrosis tended to be more common among
those with CAD (50% vs. 15%, P � 0.08).

DISCUSSION
Coronary artery aberrancy was associated with 33% of

SCDs with identifiable cardiac structural abnormality in U.S.
military recruits from 1977 through 2001.5 This is an increase
compared with the previous finding of 16% resulting from
coronary anomalies among U.S. Air Force recruits from 1965
through 1985.8 Anomalous coronary anomaly has been con-
sidered as the etiology in 5% to 35% of SCD in this popu-
lation, although its incidence is less than 0.3% to 0.8% in
populations undergoing catheterization.9–13 We identified 21
cases with SCD and ACO, all of which were the left coronary
arising from the right sinus of Valsalva with a course between
the pulmonary artery and aorta. Of these recruits, 10 (48%)
had prodromal symptoms of exertional syncope and/or chest
pain identified during review of postmortem records. Al-
though symptoms have previously been reported in associa-
tion with ACO in angiographic series, causality has not been
established.10 Basso et al reported that in 27 sudden deaths
resulting from ACO, 12 (44%) had documented clinical
evaluation before the event. Of these, 10 (37%) were shown
to have had either syncope or chest pain in the 2 years
preceding the SCD.3 Prior series of sudden death in athletes
reported only 3% sought medical attention for cardiovascular
symptoms before experiencing sudden death.14

The discovery that all of our cases of ACO and SCD
were associated with the left main coronary arteries arising
from the right coronary sinus is in concert with previously
reported studies. In the largest study to date, Taylor et al
reviewed clinical and pathologic records from 242 patients
with isolated ACO (age 0–87 years). They discovered that in
the 140 cases in which the anomalous artery originated in the
aorta, the origin of the left main coronary artery from the
right coronary sinus (49 of 140) was most often associated
with SCD.4 In the cases in which the left main arose from the
right coronary cusp, the majority of the patients were younger
(less than 30 years) and half of the patients had documented
prodromal symptoms before SCD.4

All recruits with SCD with CAD had obstructive le-
sions in the left anterior descending artery. There was a 70%
occurrence of pathologic changes consistent with previous or
ongoing myocardial damage in SCD with CAD. Interestingly,
no corresponding symptoms were identified, which may be
evidence of previous silent ischemia. Traditional risk factors
for CAD were few, if present at all. There was a significant
difference in the median age of recruits who died of CAD
compared with ACO. However, the body mass index of these

TABLE 1. Coronary Artery Pathology Seen at Autopsy of 39
Sudden Cardiac Deaths

Anomalous coronary artery 21 (54)

Obstructive atherosclerotic coronary artery disease 10 (26)

Coronary artery hypoplasia 3 (8)

Coronary artery aneurysm 2 (5)

Coronary artery bridging 2 (5)

Spontaneous coronary artery dissection 1 (3)

Values expressed as counts and percentages (in parentheses). Percentages do not
total 100 as a result of rounding.

TABLE 2. Demographic and Clinical Characteristics of 31
Sudden Cardiac Deaths

Atherosclerotic
CAD

(n � 10)

Anomalous
Coronary
(n � 21)

Age, years (median)* 26 19

Range 18–35 17–31

Gender, male 10 (100) 19 (90)

Race

White 5 (50) 14 (67)

Black 3 (30) 7 (33)

Filipino 2 (20) 0 (0)

Height, cm* 168 � 9 180 � 9

Body mass index, kg/m2* 26.7 � 3.6 23.6 � 2.5

Days in training† (median) 25 32

Range 13–59 6–78

Prodromal symptoms, present* 0 (0) 10 (48)

*P � 0.02, otherwise P � 0.05.
Height and body mass index are expressed as mean � standard deviation (and were

calculated from measurements of 30 deaths resulting from the unavailability of these
data for one death resulting from ACO); other values are expressed as counts and
percentages (in parentheses).

CAD indicates coronary artery disease; ACO, anomalous coronary origin.
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young recruits was still well below those levels commonly
associated with an increased independent risk for an adverse
event.15,16 Screening this population for coronary artery dis-
ease and coronary anomalies in the current era would be
costly and time-consuming. Despite representing a leading
cause of death in this young population, the incidence of
coronary artery anomalies remains low. The diagnosis of
ACO requires a high clinical index of suspicion in young
persons with premonitory symptoms. Screening programs for
the general population are not feasible given the extremely
low prevalence of the condition. Our data emphasize the need
to consider ACO as a cause of SCD in young persons.

Approximately half of the recruits with coronary anom-
alies were identified as having prodromal symptoms before
sudden death, and these deaths occurred a median of 1 month
after initiating military training (which includes strenuous
exertion). Therefore, one needs to consider imaging to ex-
clude an anomalous coronary artery in a young patient initi-
ating an exercise program who presents with symptoms that
may be referable to cardiovascular disease. Confirmatory
imaging of the coronary artery ostium is of particular impor-
tance given the high false-negative rate of electrocardiogra-
phy and maximal stress testing in identifying symptomatic
patients who are at risk for death from anomalous coronary
arteries.3 Although transthoracic echocardiography can visu-
alize the origins and proximal courses of the coronary arteries
in some individuals, either computed tomography or mag-
netic resonance coronary angiography is a more sensitive and
specific screen for ACO.1,2

CONCLUSIONS
Young military recruits who died with ACO commonly

presented with symptoms of exertional chest pain and/or
syncope, providing the clinician with a diagnostic window of
opportunity. Timely identification of ACO, particularly the
left main coronary artery, may result in a curative surgical
correction. The physician should have a high index of suspi-
cion for this condition to avoid a potential devastating
outcome.
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