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ABSTRACT: Cardiovascular disease continues to be the single most common generic cause
of sudden and unexpected deaths. Atherosclerotic coronary heart disease and acute myo-
cardial infarction are the most prevalent forms of fatal cardiac disease observed at autopsy.
Other cardiac lesions are frequently listed as causes of death, but the prevalence of such
lesions as incidental findings in the general population is unknown. In this study. 470 con-
secutive forensic autopsies were evaluated for minor and major anomalies. The most fre-
quently observed major congenital finding was floppy mitral valve (5%). Tunneled coronary
arteries, considered minor congenital findings, were seen in 29%. Atherosclerotic coronary
heart disease was the most common major acquired finding. observed in 165 of cases. Of
the 470 hearts. only 8% were considered normal.

KEYWORDS: pathology and biology, cardiovascular system, cardiovascular disease, heart,
coronary atherosclerosis, autopsy, congenital heart disease. forensic pathology

Cardiovascular disease is the number one killer in the United States today, claiming
nearly as many victims as all other causes of death combined [1]. More than half of these
deaths are sudden or unexpected or both [2—4] and thus fall into the realm of the forensic
pathologist. The purpose of this study was to evaluate systematically all hearts from a
series of consecutive forensic autopsies to determine minor and major cardiac abnor-
malities. The authors hope that by recognition of the types and numbers of anomalies
seen in a typical practice, the forensic pathologist may better differentiate between sig-
nificant and incidental cardiac findings. In addition, the compilation of these findings
may provide a database for the frequency with which they may be found in a group of
nonhospitalized decedents.
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Methods

Site and Population

This study was based upon the Marion County Coroner’s population, derived from an
arca that includes Indianapolis, Indiana, and surrounding townships. Based upon the
1985 census, the population of Indianapolis and environs within Marion County was
estimated at 1.2 million. The total number of Marion County Coroner’s cases examined
by forensic pathologists in 1987 was 1322; of these, 677 were autopsied. The total number
of cases included in this series was 500, which represented a caseload of approximately
9 months. Selected cases, including those that were skeletonized or badly decomposed,
were excluded, leaving a total of 470 hearts for this analysis.

Data analyses were performed using SAS software.* Numeric comparisons were done
using the unpaired r-test; the percentages were compared using the binomial test.

Evaluation of Hearts

All the hearts evaluated in this study were initially examined by a forensic pathologist,
then reexamined in detail by a cardiac pathologist. All gross findings were recorded.
Distinction was not made at the time of cardiac evaluation as to the significance of the
lesions. Routine histology was performed on all the hearts and served to confirm the
gross diagnoses.

The cardiac observations were divided into the following categories: (1) normal versus
abnormal hearts, (2) congenital versus acquired anomalies, and (3) Major versus minor
cardiac findings.

Definitions Used in this Study

Major cardiac findings were those that were recognized as responsible for death or as
a potential cause of death. Minor cardiac findings were those that were not considered
as major findings, but were also not normal. Under most circumstances, minor findings
may be classified as incidental.

For the purposes of this study, sudden cardiac death was defined as that which occurred
within six hours of the onset of symptoms, if any. Although the individual may have had
a history of cardiac disease, if he or she had been pursuing a life-style “‘normal” for that
person, and the death came unexpectedly, it was considered sudden. The six-hour time
span was chosen for this study to exclude myocardial necrosis (that is, acute myocardial
infarction) as a cause of death [5,6].

Severe atherosclerotic coronary hearr disease is defined as that which had produced
greater than 75% cross-sectional area luminal narrowing of a major coronary artery vessel
on gross examination. Healed myocardial infarction is defined as that recognized on gross
examination by fibrous scar tissue deposition,

Dilated cardiomyopathy was established in hearts that demonstrated dilation of all four
cardiac chambers unassociated with major valvular, coronary artery, or pericardial discase
[7,8]. In most cases, the etiology of the dilated cardiomyopathy was classified as idi-
opathic. Hypertrophic cardiomyopathy was diagnosed by asymmetric septal hypertrophy
(a ratio of ventricular septum to free wall thickness of at least 1.3 to 1.0), increased heart
weight, normal or small left ventricular cavity size, and histologic confirmation of myo-
cardial fiber disorganization [9].

The reoplastic lesions seen in this study were all benign papillomas. These lesions,

*SAS Institute, Inc., Carey, NC.
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also called papillary fibromas or papillary fibroelastomas, grossly resemble a sea anemone
with many finger-like projections of connective tissue overlying a short pedicle [10,11].

The hearts were identified as demonstrating excess adiposity by subjective evaluation.
Normal surface fat was graded 0; Grade 4 demonstrated 100% coverage of the right
ventricle with subepicardial fat.

A mitral valve was considered floppy (mitral valve prolapse) on gross examination if
it demonstrated thickening of the valve leaflets with an increased leaflet surface area and
dilated annulus (Figs. 1 and 2). Manifestations included elongation and thinning of chor-
dae tendineae, interchordal hooding or redundancy of the valve leaflet or leaflets, and
involvement of either the anterior leaflet, the posterior leaflet, or both [12—15]. Further
evidence in support of this diagnosis included the presence of ventricular endocardial
friction lesions (Fig. 2). These were not necessary for the diagnosis, but were supportive
evidence of valvular dysfunction [/4]. In some cases, the valves demonstrated partial
criteria for this diagnosis, for example, marked hooding of a portion of the posterior
leaflet only. Such a valve was then classified as a “‘possible floppy valve.”

A coronary artery ostium was considered to demonstrate a high take-off position if its
ostium rose 5 mm or more above the sinotubular junction (Fig. 3). A conal coronary
artery was defined as an accessory or third vessel arising in the right sinus of Valsalva
and supplying the conal area (that is, the outflow tract of the right ventricle) (Fig. 3)
{16]. Intramural segments of the major branches of the coronary arteries, that is, those
surrounded by bridges of cardiac muscle at least | mm in thickness for part or ail of their
course, were designated tunneled coronary arteries [17-22] (Fig. 4).

Results

Demographics

Gender—The study population consisted of 310 males, 133 females. and 7 cases in
which the sex was not recorded. (Following routine cardiac evaluation at autopsy, 7
hearts were presented to the cardiac pathologist unlabeled by the morgue assistant.
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FIG. 2—Close-up of the floppy mitral valve (MV) shown in Fig. |, and demonstrating leaflet
“hooding™ (long arrow. upper) and left ventricular (LV) endocardial friction lesions (small arrows,
lower) underlying the chordae tendineae (CT).

Demographics could not be correlated with those specimens.) A significantly higher
percentage of males was represented (67% of the study group, in comparison with the
51% of the total Marion County decedent population for a comparable time period [23])
(P < 0.0001) (Fig. 5). There were no significant differences in the average ages between
males and females.

Age—The age distribution of the decedents was also skewed, as is depicted in Fig. 6.
Much younger individuals were represented in the coroner’s population than in the
decedent population of Marion County as a whole, with the mode of the former at 30
10 39 years and the mode of the latter at 70 to 79 years. The ages of newborn to 99 years
were represented in the study population, with a mean age of 38.7 years.

Causes of Death

The general causes of death for the 470 cases included in this study are depicted in
Fig. 7. Fifteen percent of the deaths (71 cases) were diagnosed as cardiac in nature. Fifty-
seven percent were included in the broad category of “traumatic,” which encompassed
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FIG. 4—Several intramural or “'tunneled’ branches of the left circumflex coronary artery are shown
within the left ventricular free wall (LVFW). LV = left ventricular cavity.
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FIG. 5—Age and sex distribution for 470 necropsy patients.
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FIG. 6—Graph showing the age distribution of the study patients in comparison with that of patients
in Marion County, IN.
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FIG. 7— Breakdown of various causes of death.

homicides, suicides, and accidents. The remaining causes were noncardiac natural deaths
(16%). sudden infant death syndrome (5%), and other (6%).

Cardiac Versus Noncardiac Deaths—Cardiac deaths were attributed as due to either
acquired or congenital conditions. Acquired and congenital conditions were subclassified
under coronary, myocardial, and valvular etiologies (Tables 1 and 2). Of the total cardiac
deaths. 55% were classified as sudden and unexpected (Fig. 8).

Those cases demonstrating cardiac causes of death are depicted in Table 3. The age
distribution of cardiac deaths is skewed to the right, representing a larger percentage of
the unexpected deaths of middle-aged and elderly individuals. Table 4 depicts the dis-
tribution of cardiac deaths in relation to gender. The majority of cases of atherosclerotic
coronary heart disease (ACHD)—that is, acute myocardial infarctions and atherosclerosis
of the coronary arteries—were seen in male victims in this study at 85 and 77%¢. re-
spectively. This was not statistically significant, but reflects the male predominance in
this population. However. more females than males died of cardiomyopathy (P < 0.01).
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TABLE 1—Major and minor congenital cardiac findings.

Cardiac Findings Total No. Percent
Major CONGENITAL
Complex” 4 0.8
Floppy mitral valve” 22 3.0
Bicuspid aortic valve 3 0.6
Atrial septal defect 1 0.2
Ventricular septal defect 1 0.2
Minor CONGENITAL
Tunneled coronary artery 138 29.0
Conal right coronary artery 120 26.0
Patent foramen ovale 86 18.0
High take-off coronary ostium 39 8.0
Absent left main coronary artery 2 0.4
Bicuspid pulmonic valve 1 0.2
Quadricuspid pulmonic valve 1 0.2

“Tetrology of Fallot; hypoplastic left ventricle and aortic
atresia: endocardial fibroelastosis (4 lesions in 3 cases).
*Includes 19 true floppy mitral valves and 3 possible floppy

valves.

TABLE 2—»Major and minor acquired cardiac findings.

Cardiac Findings Total No. Percent
MaAJOR ACQUIRED
Atherosclerotic coronary heart
disease
Severe occlusive disease” 77 16.0
Acute myocardial infarction 15 30
Healed mvocardial infarction 30 6.0
Left ventricular aneurysm 1 0.2
Cardiac trauma 36 8.0
Pericardial lesions 7 1.5
Cardiomyopathy* 6 1.2
Myocarditis 4 0.8
Mitral stenosis (rheumatic) 3 0.6
Aortic stenosis (rheumatic) 1 0.2
MINOR ACQUIRED
Cardiac adiposity 101 22.0
Left ventricular hypertrophy 61 13.0
Right ventricular dilation 3 7.0
Right ventricular hypertrophy 21 4.7
Mitral valve annular calcium 18 4.0
Aortic stenosis (degenerative) 7 1.5
Neoplasm* 2 0.4

“Coronary atherosclerosis involving greater than 75¢z of
the cross-sectional area of a vessel or occlusive thrombus.
*Dilated (4 cases at (.8%); hypertrophic (2 cases at 0.4 ).

‘Both were papillomas (see text).
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FIG. 8—Percentage of sudden deaths occurring among patients with cardiac death.
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TABLE 3—Cardiac causes of death by age.

AMI,  ACHD. ARR., CM. MITIS, Rheumatic, FMV. CHD.
No. No. No. No. No. No. No. No.
Age (%) (%) (%) (%) (%) (%) (%) (%)
0 to 9 years 0 0 0 0 0 0 0 3
(100)
10 to 19 years 0 0 0 1 0 0 0 0
(11
20 to 29 years 1 0 0 0 0 0 1 0
(5) (33)
30 to 3Y years 3 4 1 0 i 0 1 0
(15) (13) (33) (100) (33)
40 to 49 years 3 6 1 1 0 U 1 0
(15) (19 (33) (1) (33)
S0 to 59 years 7 5 0 3 0 0 0 0
(35) (16) (33)
60 to 69 years 4 10 0 4 1) 0 0 0
(20) (32) (449
70 to 79 years 2 4 0 0 0 1 0 0
(10) (13) (100)
30 to 9 vears 0 2 1 0 0 0 0 0
(6) (33)

90 + years 0 0 0 0 0 0 0 0
. Total (71) 20 31 3 9 1 1 3 3
Sudden death 25 2 7 0 1 2 0
TABLE 4—Cardiac deaths—sex distribution.

Cardiac Findings Total No. Female. % Male, ¢
Acute myocardial infarction 20 15 85
Coronary heart disease 31 23 71
Congenital heart disease 3 33 67
Cardiomyopathy 9 78 22
Myocarditis l 0 100
Floppy mitral valve 3 67 33
Rheumatic heart disease 1 0 100
(Arrhythmia) 3 0 100
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Major and Minor Cardiovascular Findings

Major—The most prevalent acquired major finding was ACHD (16%). Manifestations
of ACHD included acute and healed myocardial infarction (9%) and ventricular aneurysm
(0.2%). Other major acquired findings included cardiac trauma (8% ) and cardiomyopathy
(1%).

Floppy mitral valve represents the most common congenital major anomaly, seen in
22 cases (5%) (19 cases were unequivocally floppy; 3 were possibly floppy). One percent
of the cases (4 individuals) had congenitally bicuspid aortic valves.

Minor—The most common acquired minor findings were excess surface adiposity
(25%) and left ventricular hypertrophy (139%).

Of the congenital minor findings, tunneled coronary arteries (29%) and conal right
coronary arteries (26%) were the most common. High take-off ostial position was iden-
tified in 8% of the hearts. Nearly 20% of the cases demonstrated “‘probe™ patency of
the foramen ovale.

Discussion

The major goal of this study was to focus on cardiovascular findings in a group of
deaths examined by forensic pathologists. To our knowledge, this is the first study to
evaluate and tabulate sequentially all gross cardiac findings. Previous studies have eval-
uated a series of cases for specific factors (for example, cause of death [24,25], sudden
death [25-29], and aging changes [30]); for specific diagnoses, such as floppy mitral valve
[12,14,15,31]; or for the characteristics of a certain subpopulation (for example, children
[3,32,33] and athletes [9,34]).

The case load in this series significantly overrepresented males, when compared with
the decedent population of Marion County, Indiana, as a whole (Fig. 6). This skewed
gender distribution has been seen in other forensic autopsy studies [24,35,36] and may
result in the underrepresentation in this study of any pathotogic conditions that are more
prevalent in females.

It is of interest that cardiac deaths accounted for only 15% (71 cases) of the study
poputation. This contrasts with the 32% of the total Marion County deaths ascribed to
cardiovascular causes [23] in 1987 and with the estimated 48% with cardiovascular causes
out of the total deaths in the United States (1985) []. In addition to the excess “traumatic”
deaths in our subpopulation, many of the forensic cases *‘signed out” without autopsies
were diagnosed as cardiovascular based on the history and external physical examination.
(In 1988, of 597 Marion County coroner’s cases “‘signed out,” 225 [38% of sign-outs]
were considered cardiovascular deaths.) Thus, the total forensic population contains a
greater percentage of deaths attributed to cardiac causes than those autopsied. Con-
versely. it is known that a certain percentage of causes of death that are listed as car-
diovascular on the death certificate in any population would be disproven at autopsy
[24]. Thus, without a 100% autopsy rate, an accurate assessment of the incidence of any
disease process is difficult.

Expected Findings

Coronary Artery Disease—Major findings in this series that were expected in light of
current medical knowledge and literature review included the high frequency of ACHD
and the higher frequency of men (than women) who manifest this illness [1,25,28].

Floppy Mitral Valve—A 4 to 5% incidence of floppy mitral valve in our population is
in keeping with that described for the population as a whole [12-15,31,37]. Thirteen of
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the cases were males (nine females), which possibly reflects the higher incidence of males
in our study population.

The incidence of conal right coronary arteries, as well as of high take-off of coronary
arteries, at 26 and 8%, respectively, is similar to that published in previous reports [16,20].
An incidence of 1% (three cases) with bicuspid aortic valves is consistent with previously
reported studies [38].

Rheumatic Heart Disease—One cardiac death secondary to rheumatic heart disease
was seen in our population (Table 1). Only one rheumatic aortic, and three rheumatic
mitral valves were recognized. These findings reflect the reported decrease in incidence
of this entity currently in the United States [39].

Unexpected Findings

Myocarditis—Several studies have reported an incidence of myocarditis ranging from
approximately 7 to 12%, particularly in pediatric cases [3,33,35,40]. The frequency of
this diagnosis in our study was only 0.8%. Factors which might explain this difference
in frequency of myocarditis include the number of cardiac sections evaluated microscop-
ically and the definition of myocarditis employed. Each case of myocarditis in our series
occurred in individuals over 30 vears of age.

Tunneled Coronary Arteries—The existence of the “*bridged” or “‘tunneled™ coronary
artery has been acknowledged in the literature for approximately 200 years [22]; the first
discussion implicating this entity as a possible mechanism in disease appeared in 1950
[22]. Since then, the incidence of this anatomic variation has been reported in between
5.4 and 85.7% of cases [20-22]. The early work of Geiringer [22] implicated these vessels
as exerting a protective influence against the formation of atherosclerosis, but this hy-
pothesis has since been debated [27]. Tunneled coronary arteries have been suggested
as the etiology of symptoms such as ventricular arrhythmias, chest pain. and myocardial
infarction [79], as well as being implicated in atherogenesis [20] and sudden death [17,18].
Our results confirm the high frequency (30%) of this entity in our study population, but
mitigate against the likelihood of it being relevant to myocardial injury or cardiac death.

Hypertrophic cardiomyopathy has been implicated as a common cause of sudden or
unexpected death, particularly in young individuals [3,9,40]. In our study group. only
two cases of hypertrophic cardiomyopathy were seen. This constitutes only 0.05% of
sudden deaths in our series.

It is of interest that only 8% of the hearts examined in this study were identified as
grossly “normal’” when standard anatomic criteria were employed.

Summary

In an attempt to identify all cardiac findings, whether insignificant or directly related
to the cause and manner of death, all hearts in a forensic pathology service were sys-
tematically examined for a total of 470 cases. The purpose was to tabulate the major and
minor cardiovascular findings in this population, which generally reflects nonhospitalized
and previously “well” individuals. Ninety-two of the hearts studied had at least one
abnormality. Major findings included floppy mitral valves and atherosclerotic coronary
heart disease. Minor findings, of interest due to their frequency in this population,
included the tunneled coronary arteries and cardiac adiposity. Thus, a forensic service
contains a vast array of cardiovascular conditions.
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