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Background—Mechanisms of sudden cardiac death (SCD) in subjects with apparently normal hearts are poc
understood. In survivors, clinical investigations may not establish normal cardiac structure with certainty. Large autc
series may provide a unique opportunity to confirm structural normalcy of the heart before reviewing a patier
clinical history.

Methods and Results-We identified and reexamined structurally normal hearts from a 13-year series of archived hez
of patients who had sudden cardiac death. Subsequently, for each patient with a structurally normal heart, a def
review of the circumstances of death as well as clinical history was performed. Of 270 archived SCD hearts identif
190 were male and 80 female (mean age 42 years); 256 (95%) had evidence of structural abnormalities and 14 (5%)
structurally normal. In the group with structurally normal hearts (mean age 35 years), SCD was the first manifesta
of disease in 7 (50%) of the 14 cases. In 6 cases, substances were identified in serum at postmortem examination w
evidence of drug overdose; 2 of these chemicals have known associations with SCD. On analysis of ECGSs, preexci
was found in 2 cases. Comorbid conditions identified were seizure disorder and obesity (2 cases each). In 6 cases
were no identifiable conditions associated with SCD.

Conclusions—In 50% of cases of SCD with structurally normal hearts, sudden death was the first manifestation of dise:
An approach combining archived heart examinations with detailed review of the clinical history was effective
elucidating potential SCD mechanisms in 57% of caé€sculation. 2000;102:649-654.)
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n the majority of cardiac arrest patients, a structural or who died of SCD. A detailed review of anatomic and clinical
functional abnormality can be identified, coronary artery findings was performed in SCD cases with normal hearts,
disease being the most commb&tudies of cardiac arrest identified from a 13-year autopsy series of 270 SCD patients.
survivors indicate that in 5% to 10% of sudden cardiac death
(SCD) patients, hearts are apparently nortnalThe mecha- Methods
nisms of sudden cardiac death in this subset of patients are
poorly understood. Definition
Establishing structural normalcy is an essential prerequisite FOr the purpose of this study, SCD was defined as death as the resul
to maling a diagnosis of i enty. However, focal mari-_Of 0% SUSC= W S ours o orset o /e, et s
festations of conditions such as myocarditis, cardiomyopa- 24 hours before death.
thies, or small tumors may escape detection in survivors of
SCD&-10 Furthermore, nonspecific abnormalities such as Archived Hearts
interstitial fibrosis and mild myxomatous mitral valve The Jesse E. Edwards Cardiovascular Registry (St Paul, Minn) has
changes are difficult diagnoses to make in the cardiac arrestaccessioned>14 000 archived hearts in the last 40 years. Data

survivor. The gold standard for confirming absence or pres- collected at time of original examination include a police report,
) family correspondence, medical examiner report, autopsy findings,

ence of a structural abnormality is the pathological examina- yoxicological screen, and available medical history; these data and
tion of the patient’s heart. The confirmation of structural results of the morphological studies in the registry are catalogued in
normalcy at autopsy is thus the most suitable means to a standardized fashion.

identify SCD patients with normal hearts.

The combination of a triggering event and a susceptible Referral Sources _ _
myocardium has evolved as a biological model for the For SCD, the major sources of referral are local medlcal_examln_ers
initiation of lethal arrhythmia. Accordingly, a search was (coroners) from Hennepin, Ramsey, and Anoka counties, which
: . y ) gy,. constitute the Minneapolis—St Paul greater metropolitan area. A
conducted for possible abnormal myocardial substrates andsignificant number of local cases of sudden death at<a§@ years
triggers of fatal arrhythmia in patients with normal hearts are examined by the county coroners. The coroners, in turn, refer all
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cases attributable to cardiac causes to the Edwards Registry in awas also performed. Nonspecific cardiac findings were defined as

consistent fashion. myocardial hypertrophy (increased heart weight for body surface
area and/or>1.6-mm thickness of compact myocardium of the left
Experimental Design ventricle), nonspecific interstitial fibrosis, and mitral valve prolapse.

All locally referred cases of SCD, age20 years, during a period of ~ The association between mitral valve prolapse and sudden death ha
13 years (1984 to 1996) were studied. These constituted 81% (270Peen controversial, and the increase in risk of sudden death with this
cases) of the 333 cases classified as SCD in the Registry during thiscondition is probably very smalk=*4For the purpose of the present
period. All these cases were reviewed to distinguish structurally Study, when pathological criteria for lone mitral valve prolapse were
abnormal hearts (group A) from structurally normal hearts (group B) met, hearts were considered to have a nonspecific structural
(Figure 1). Structurally abnormal hearts were further classified as abnormalitys

subgroup Al if specific pathological findings were present or

subgroup A2 if only nonspecific findings were identified. Detailed Results

reexamination of all hearts reported to be structurally normal (group S

B) was done. In addition to repeat pathological examination, this Ad€ and Sex D'St“bUt'Qn

included consideration of clinical and morphological data in the The mean age of SCD patients was+2 years. The percent
registry files and detailed review of the clinical histories of the frequency of male and female cases according to age by
patients by analysis of all available community medical records for gecade for the 270 Minnesota-referred cases is shown in

each patient. Figure 2; overall, 70% were men and 30% were women. The

Detailed Method of Pathological Examination frequency of SCD varied with age. The majority of patients
For the duration of the 13 years of this study, all 270 SCD hearts (66%) were>35 years of age; younger adults (20 to 34 years)
were examined by the same cardiovascular pathologist (J.L.T.) in a formed 33% of the total population.

standardized fashion. Specimens were weighed, with normal heart

weight criteria, based on body mass index. After external analysis to Structurally Abnormal Hearts

ascertain size and shape of cardiac chambers, the coronary arterie@roup A comprised 256 hearts (95% of total), with 180 (67%

were cut into 4- to 5-mm sections and the cross-sectional diameter .
0,
measured. To ensure exclusion of coronary artery disease in mor-Of total) and 76 (28% of total) hearts in subgroups Al and A2.

phologically normal hearts, the criterion for pathological diagnosis [N subgroup Al, coronary artery disease was the most
of significant coronary artery disease was stenosis:50% cross- common finding (65% of cases), followed by congenital
sectional diameter in a1 major epicardial coronary artety. conditions in 14% (Figure 3). The latter group comprised 11
Subsequently, the heart was excised open in a conventional line of patients with anomalous coronary arteries and 15 patients

flow. If no gross abnormality was identified, routine sampling ith oth ital di diti i | If
included standard, full-thickness sections from the posterobasal,WI other congenital cardiac conditions (aortic valve malfor-

mid-anterior, lateral, and septum regions, including portions of Mmations, 5; corrected transposition, 2; atrial septal defect, 1;
relevant cardiac valves. From each block, hematoxylin and eosin— pulmonary atresia, 1; cleft tricuspid/mitral valve, 2). The
stained, trichrome-stained, and elastic van Gieson-stained slidesjncidence of myocarditis was 11%; arrhythmogenic right

were prepared and examined. In selected cases, when no othe . . . .
pathological abnormality was identifiable, a conventional study of Ventricular dysplasia and hypertrophic cardiomyopathy were

the cardiac conduction system with sections at 4- to 5-mm intervals
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Details of Clinical Findings in Subjects With Structurally Normal Hearts

Time From
Symptom-Onset

Subject Age, y Sex to Death, h Associated Conditions ECG Findings Serum Findings

1 21 F 0 Pregnant, 27 wk Preexcitation Negative

2 30 M 0-6 None N/A Negative

3 33 F 0 Obesity Preexcitation Negative

4 37 M 0 Micronodular cirrhosis N/A Negative

5 33 F 0-1 Postpartum <1 wk N/A Negative

6 43 F 0-6 None N/A Benzoylecgonine, 0.21 mg/L

7 37 M 0-1 Family history of SCD N/A Negative

8 51 M 0-12 Pervasive mental disorder Normal Haloperidol, 43 ng/mL

9 30 F 0 None N/A Negative

10 22 F 0 Seizure disorder Normal Negative

1 45 F 0-1 Schizophrenia Normal Valproate, 70 ng/mL

12 32 F 0-24 Seizure disorder Atrial fibrillation Phenobarbital, 13.6 wg/mL

13 45 F 0 None N/A Unidentified peak (mass spectrometry)
14 32 F 0-24 Obesity Normal Negative

present in~=4% each; other abnormalities occurred=2% years (median age 33 years), and 10 of the 14 patients were

cases (Figure 3). Findings in 3 cases were relatively unusual:women. A significant noncardiac abnormality was present in
1 patient died of a ruptured sinus of Valsalva aneurysm, 1 had only 1 of the 14 cases; the patient had micronodular cirrhosis.
mycotic aneurysm with left ventricular rupture, and 1 had Repeat cardiac examination (gross morphological and micro-
coronary arteritis. scopic study) did not yield additional cardiac abnormalities.
In subgroup A2 hearts, a nonspecific abnormality was
present, but a definite pathological diagnosis could not be Details of Clinical History
made. These nonspecific abnormalities included left ventric- From review of the 13 medical records (Table), sudden death
ular hypertrophy (left ventricular wall thickness of compact Wwas the first manifestation of disease in 7 cases. Six patients
myocardium>1.6 cm) found in two thirds of the cases (50 of had a history of prior symptoms, of which 2 had syncope, 3
76 hearts), pathological criteria for mitral valve prolapse in had a history of palpitations, and 1 had chest pain. Two
approximately one third (28 of 76 hearts), and nonspecific patients had a family history of sudden death. Obesity was a
interstitial fibrosis in the absence of discrete postinfarction comorbid condition in 2 patients, and 2 patients had a history
scars identified in nearly one third of hearts (22 of 76 hearts) of a seizure disorder.
in this subgroup. The circumstances of death varied. One subject (patient 2,
In the hearts with nonspecific fibrosis, the mean age of Table) had been exercising vigorously, having just completed
patients was identical to the average age for the entire serieshis first jog of the spring. A 37-year-old man (patient 4,
(42+12 versus 4214 years). Fibrosis/left ventricular hyper-  Table, with autopsy findings of micronodular cirrhosis) was
trophy and fibrosis/mitral valve prolapse coexisted in 11 of consuming alcohol at a bar when he collapsed. One persor
22 and 8 of 22 hearts, respectively. A special conduction was bathing, and 4 were sedentary. Four subjects died in their
system examination was performed in 9 of these hearts, andsleep.
fibrosis was found to extend to the atrioventricular node, His ~ Chemical analysis of serum collected at the time of autopsy
bundle, or either bundle branch in 8 patients. Comorbid did not show evidence of drug overdose in any of the cases;
conditions included seizure disorder (1, same patient hadin 9, the findings were negative. In the remaining 5 cases,
systemic lupus erythematosus), obesity (2, 1 patient had sleephowever, serum tested positive for some compound. One
apnea syndrome), noncardiac sarcoidosis (1), and emphy-subject had nontoxic levels of a cocaine metabolite (benzo-
sema (1). Only 2 patients had evidence of mild coronary ylecgonine) in the blood and another had therapeutic levels of
disease (40% stenosis). Two patients were known to havehaloperidol (Table). The 2 patients with seizure disorder were
manifested prior arrhythmia (ventricular tachycardia in 1 and taking valproic acid and phenobarbital. A 37-year-old woman

supraventricular tachycardia 1). of Southeast Asian origin, who had been previously healthy,
had an unidentified peak on mass spectrometry of the serum.
Structurally Normal Hearts With the exception of the patient with findings of cocaine in

Group B contained 14 structurally normal hearts (5% of the serum, no other patients had a history of drug abuse.
total). Among these cases, in addition to existing registry

records, past medical records were available from 13 patients;ECG Analysis

1 subject did not appear to have had any healthcare visits. Of the 6 ECGs available, 3 were normal, without evidence of
ECGs were available in 6 of the 14. The mean age was®35 QT prolongation. The other 3 were abnormal; patients 1 and
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3 (Table) had evidence of preexcitation on the ECG. An ECG autopsy series examining the prevalence of nonspecific inter-
from patient 12 (Table), taken 6 months before death, showed stitial fibrosis in this age range in the general population.
atrial fibrillation with a rapid ventricular response and narrow
QRS complexes. Possible Causes of SCD in Patients With
Structurally Normal Hearts
Discussion In 2 cases, Wolff-Parkinson-White (WPW) syndrome may

Of the 270 archived hearts, 256 (95%) had evidence of have been the abnormal substrate for SCD. Long QT syn-
structural abnormalities, but in up to 30% of cases, these drome cannot be excluded for cases in which ECGs were not
abnormalities were nonspecific. Fourteen (5%) patients, of available; 2 of the patients had a family history of sudden
which 10 were women, had structurally normal hearts. In this death. In addition, this syndrome may often not be recognized
subset, a possible substrate or trigger for SCD could be on a single ECG. Rare and newly described conditions such
identified in 8 cases. Of the remaining 6 cases, none hadas the Brugada syndrome (sudden cardiac death with right
identifiable conditions that may be associated with SCD. bundle-branch block and ST elevation on E€Gyere not
Seven patients had a history of syncope, palpitations, or chestidentified. Subject 2 (Table) was a 30-year-old man of
pain before SCD. In the remaining 7 cases, sudden death wasSoutheast Asian origin who may have died of sudden noc-
the first presentation of an illness. turnal death syndrom.Inability to define a cause in cases of

For the patients with specific structural abnormalities, our SCD may have placed several subjects in the category of
findings are similar to published reports. In older adults idiopathic ventricular fibrillation. In several cases, drugs may
(age>45 years), 80% to 90% of sudden cardiac death patients have been triggers for SCD of susceptible individuals.
have significant coronary artery disedsé? Coronary artery In this study, the incidence of WPW syndrome may have
disease is also associated with 58% to 70% of sudden cardiaddeen underestimated. There was evidence of preexcitation or
deaths in the young adult populati&ir2°In our study (mean 2 of the 6 ECGs that were available for review. Both of these
age 42-14 years), 65% of SCD patients with specific patients had a history of palpitations and documented
pathological findings had significant coronary artery disease. tachycardia before death; supraventricular tachycardia is a
Findings of congenital anomalies, myocarditis, arrhythmo- risk factor for the development of ventricular fibrillation in
genic right ventricular dysplasia, and hypertrophic cardiomy- the WPW syndromé?
opathy in our study are consistent with earlier studies in the  Both obesity and epilepsy were comorbid conditions in
young adult populatiof?21-25 SCD patients with structurally normal hearts. The annual

In 5% of cases we studied, no structural abnormalities were sudden cardiac mortality rate is reportedly increased 40-fold
identified after repeated pathological examinations. In an in morbidly obese subjectswhen compared with a matched
earlier 30-year, population-based study of young adults from nonobese population. Sympathovagal imbalance caused by
the same region as the cases we studied, a potential cause gbarasympathetic withdrawal in obese subjects has been im-
SCD could not be identified in 13% casesin that study, plicated in the enhanced sudden death risk in obéSity.a
however, nonspecific findings such as left ventricular hyper- recent population-based study of young adults with epilepsy,
trophy were not included as structural abnormalities. the rate of sudden unexpected death was 24-fold higher thar

The significant frequency (30%) of nonspecific structural the general populatiot.Mechanisms remain unresolved, but
abnormalities in SCD patients, in the absence of other cardiacprecipitation of fatal arrhythmia caused by autonomic dys-
abnormalities, has not been reported previously. Heart weight function has been postulated as a cause of sudden unex
(indexed by body surface area) is not increased in patients ofplained death in epilepsi.3°
comparable age to the present study who die of causes The electrophysiological effects of cocaine have been
unrelated to the hea#t.From clinical trials, left ventricular examined in tissue preparations, animal models, and humar
hypertrophy has been established as an independent predictosubjects. The drug has class |-type activity, with significant
of overall mortality27.28 In addition, in patients with left effects on myocardial refractorine$sin addition, cocaine
ventricular hypertrophy, the risk of ventricular arrhythmia is can have a proarrhythmic effect similar to that induced by
increased=2-fold.2° Observations in animal models suggest quinidine as the result of triggered activity from early
that cardiac myocytes from hypertrophied hearts develop afterdepolarizations associated with a prolonged QT interval.
abnormalities of repolarization, which could predispose to Thus, cocaine ingestion could induce ventricular arrhythmia
fatal arrhythmogenesi®. Similarly, it is conceivable that independent of its effects on coronary artetiesnd in the
nonspecific interstitial fibrosis could contribute to the initia- absence of toxic levels. Several antipsychotic agents, includ-
tion of ventricular arrhythmias through a functional reentrant ing phenothiazines, have been associated with sudden
mechanisn®! The presence of fibrosis in some component of death*243Increased susceptibility to polymorphic ventricular
the conduction system in 8 of 9 hearts subjected to a detailedarrhythmia by haloperidol may be related to block of outward
conduction system examination suggests a propensity forpotassium currents in the cardiac myocyte with resultant
bradycardia in some of these patients. The nature of factorsprolongation of the QT intervat A recent study indicated
responsible for the presence of interstitial fibrosis in this thatin some families, the long QT syndrome may have a very
group remains uncertain. As the mean age of patients with low penetrance, with family members being prone to devel-
nonspecific fibrosis was identical to the average age for the opment of torsade de pointes when exposed to cardiac or
entire series (4212 versus 42 14 years), this is unlikely to  noncardiac drugs that block potassium channels, without
be related to the process of aging. We are not aware of manifestation of a long QT interval on the ECG&In the



present study, possible contributions of drugs to development
of fatal arrhythmia cannot be ruled out in at least 2 patients 1.
despite the absence of toxic levels in the serum.

Prevention of sudden death in subjects with apparently
normal hearts is a major challenge because mechanisms are
not well understood. Similar to coronary artery diseaS€D
was the first manifestation of disease in 50% of patients. 3
Identification of individuals at risk for SCD who do not have
recognized structural cardiac abnormalities requires a search 4.
for substrate abnormalities, which may depend on molecular
analysis, including genetic typirf§-48 For the investigation
of SCD, confirmation of structural normalcy of the heart at
the time of autopsy likely should be combined with targeted,
prospective molecular analysis of tissue as the next step in 6.
identifying causes in this group of patients.

5.

Possible Limitations of Study
Despite careful, methodical pathological examination of car-
diac structure, atrioventricular accessory connections can be 8
overlooked. In addition, the identification of such muscular
connections may not be confirmation for the existence of a
clinically relevant accessory electrical connection between
the atria and ventricle®:5°In our study, detailed histological
examination of the conduction system with serial histological
sections cut at 4.pan intervals was done in 6 of the 14
hearts; no significant abnormalities were found. Plasma or
tissue analyses for molecular defects such as genetic testing
for the long QT syndrome were not performed.

The referred cases were nearly &l60 years of age. For
the purpose of uniformity, only locally referred cases were

included, the large majority consisting of patients examined 12

by coroners in the 3 surrounding counties. As the coroners
may not have examined all local cases of sudden death, the

incidence of sudden cardiac death may have been underestii4.

mated. However, there was a consistent referral pattern, ie,
cases of sudden death attributable to cardiac causes and age
<60 years. In addition, the sex distribution would argue

against a sex bias because approximately one third of thel6.

entire group were women.
Because the major goal of our study was a detailed clinical

correlation in structurally normal hearts, complete clinical 1s.

correlation for hearts with nonspecific fibrosis is not avail-
able. However, we have provided all the information present
in the registry records. ECGs were available in only 6 of the

14 group B cases. This is probably explained by the relatively 20.

young age of these patients as well as SCD being the first
manifestation of illness in 50% patients in this group.

Conclusions

The vast majority of SCD patients had structurally abnormal 22.

hearts, but in as many as 30%, abnormalities were nonspe-
cific. For patients with structurally normal hearts, the auto-

psy—clinical history combination uncovered potential mech- 24.

anisms of SCD in 57% cases.

Acknowledgments

The authors are grateful to Drs Jesse Edwards, Inder Anand, Bernardze.

Gersh, Win-K Shen, and Stephen Hammill for their encouragement
and thoughtful review of the manuscript.

10.

11.

12.

17.

21.

25.

Chugh et al Sudden Cardiac Death 653

References
Myerburg RJ, Castellanos A. Cardiac arrest and sudden cardiac death. In:
Braunwald E, ed.Heart Disease: A Textbook of Cardiovascular
Medicine.5th ed. Philadelphia, Pa: WB Saunders; 1997:742-779.
Friedman M, Manwaring JH, Rosenman RH, et al. Instantaneous and
sudden deaths: clinical and pathological differentiation in coronary artery
diseaseJAMA 1973;225:1319-1328.
Myerburg RJ, Conde CA, Sung RJ, et al. Clinical, electrophysiologic and
hemodynamic profile of patients resuscitated from prehospital cardiac
arrest.Am J Med 1980;68:568-576.
Poole JE, Mathisen TL, Kudenchuk PJ, et al. Long-term outcome in
patients who survive out of hospital ventricular fibrillation and undergo
electrophysiologic studies: evaluation by electrophysiologic subgroups.
J Am Coll Cardiol 1990;16:657—665.
Raymond JR, van den Berg EK Jr, Knapp MJ. Nontraumatic prehospital
sudden death in young adulésrch Intern Med 1988;148:303-308.
Trappe HJ, Brugada P, Talajic M, et al. Prognosis of patients with
ventricular tachycardia and ventricular fibrillation: role of the underlying
etiology.J Am Coll Cardiol 1988;12:166-174.

. Swerdlow CD, Bardy GH, McAnulty J, et al. Determinants of induced

sustained arrhythmias in survivors of out-of-hospital ventricular fibril-
lation. Circulation. 1987;76:1053-1060.

Hosenpud JD, McAnulty JH, Niles NR. Unexpected myocardial disease
in patients with life threatening arrhythmiaBr Heart J 1986;56:55—61.

9. Morgera T, Salvi A, Alberti E, et al. Morphological findings in apparently

idiopathic ventricular tachycardia: an echocardiographic haemodynamic
and histologic studyEur Heart J 1985;6:323-334.

Sugrue DD, Holmes DR Jr, Gersh BJ, et al. Cardiac histologic findings in
patients with life-threatening ventricular arrhythmias of unknown origin.

J Am Coll Cardiol 1984;4:952-957.

Consensus Statement of the Joint Steering Committees of the Unex-
plained Cardiac Arrest Registry of Europe and of the Idiopathic Ventric-
ular Fibrillation Registry of the United States. Survivors of out-of-
hospital cardiac arrest with apparently normal heart: need for definition
and standardized clinical evaluatioBirculation. 1997;95:265-272.
Devereux RB. Recent developments in the diagnosis and management o
mitral valve prolapseCurr Opin Cardiol 1995;10:107-116.

Kligfield P, Hochreiter C, Niles N, et al. Relation of sudden death in pure
mitral regurgitation, with and without mitral valve prolapse, to repetitive
ventricular arrhythmias and right and left ventricular ejection fractions.
Am J Cardiol 1987;60:397-399.

Pocock WA, Bosman CK, Chesler E, et al. Sudden death in primary
mitral valve prolapseAm Heart J 1984;107:378-382.

15. Titus JL, Edwards JE. Mitral insufficiency other than rheumatic, ische-

mic, or infective: emphasis on mitral valve prolapsgemin Thorac
Cardiovasc Surg1989;1:118-128.

Kannel WB, Schatzkin A. Sudden death: lessons from subsets in popu-
lation studiesJ Am Coll Cardiol 1985;5(suppl 6):141B—149B.

Kannel WB, Gagnon DR, Cupples LA. Epidemiology of sudden coronary
death: population at riskCan J Cardiol 1990;6:439—444.

Kuller L, Lilienfeld A, Fisher R. Sudden and unexpected deaths in young
adults: an epidemiological studyAMA 1966;198:248-252.

19. Luke JL, Helpern M. Sudden unexpected death from natural causes in

young adults: a review of 275 consecutive autopsied c#geh. Pathol
1968;85:10-17.

Shen WK, Edwards WD, Hammill SC, et al. Sudden unexpected non-
traumatic death in 54 young adults: a 30-year population-based study.
Am J Cardiol 1995;76:148-152.

Harthorne JW, Scannell JG, Dinsmore RE. Anomalous origin of the left
coronary artery: remediable cause of sudden death in adult&ngl

J Med 1966;275:660—663.

Maron BJ, Epstein SE, Roberts WC. Causes of sudden death in com-
petitive athletesJ Am Coll Cardiol 1986;7:204—-214.

23. Phillips M, Robinowitz M, Higgins JR, et al. Sudden cardiac death in Air

Force recruits: a 20-year reviedAMA 1986;256:2696—2699.

Roberts WC, Siegel RJ, Zipes DP. Origin of the right coronary artery
from the left sinus of Valsalva and its functional consequences: analysis
of 10 necropsy patient&sm J Cardiol 1982;49:863—868.

Thiene G, Nava A, Corrado D, et al. Right ventricular cardiomyopathy
and sudden death in young peopeEngl J Med 1988;318:129-133.
Kitzman DW, Scholz DG, Hagen PT, et al. Age-related changes in
normal human hearts during the first 10 decades of life, Il: maturity.
Mayo Clin Proc 1988;63:137-146.



654

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

Circulation August 8, 2000

Koren MJ, Devereux RB, Casale PN, et al. Relation of left ventricular
mass and geometry to morbidity and mortality in uncomplicated essential
hypertensionAnn Intern Med 1991;114:345-352.

Ghali JK, Liao Y, Simmons B, et al. The prognostic role of left ventric-
ular hypertrophy in patients with or without coronary artery diseAse.
Intern Med 1992;117:831-836.

Schmieder RE, Messerli FH. Determinants of ventricular ectopy in hyper-
tensive cardiac hypertrophyAm Heart J 1992;123:89-95.

Furukawa T, Bassett AL, Furukawa N, et al. The ionic mechanism of
reperfusion-induced early afterdepolarizations in feline left ventricular
hypertrophy.J Clin Invest 1993;91:1521-1531.

El-Sherif N. Re-entrant mechanisms in ventricular arrhythmias. In: Zipes
DP, Jalife J, edsCardiac Electrophysiology: From Cell to Bedside.
Philadelphia, Pa: WB Saunders; 1994:489. 44
Brugada P, Brugada J. Right bundle branch block, persistent ST segment ele-
vation and sudden cardiac death: a distinct clinical and electrocardiographic
syndrome: a multicenter repodtAm Coll Cardiol 1992;20:1391-1396.
Nademanee K, Veerakul G, Nimmannit S, et al. Arrhythmogenic marker
for the sudden unexplained death syndrome in Thai n@rculation.
1997;96:2595-2600.

Montoya PT, Brugada P, Smeets J, et al. Ventricular fibrillation in the
Wolff-Parkinson-White syndromezur Heart 1 1991;12:144-150.
Sjostrom LV. Mortality of severely obese subjectsn J Clin Nutr
1992;55(suppl 2):516S-523S.

Petretta M, Bonaduce D, de Filippo E, et al. Assessment of cardiac
autonomic control by heart period variability in patients with early-onset
familial obesity.Eur J Clin Invest 1995;25:826—832.

Ficker DM, So EL, Shen WK, et al. Population-based study of the
incidence of sudden unexplained death in epilep&urology 1998;51:
1270-1274.

Lathers CM, Schraeder PL. Autonomic dysfunction in epilepsy: charac-

terization of autonomic cardiac neural discharge associated with 50.

pentylenetetrazol-induced epileptogenic activifpilepsia 1982;23:
633-647.

39.

40.

41.

42.

46.

49.

Lathers CM, Schraeder PL. Review of autonomic dysfunction, cardiac
arrhythmias, and epileptogenic activity. Clin Pharmacol 1987;27:
346-356.

Przywara DA, Dambach GE. Direct actions of cocaine on cardiac cellular
electrical activity.Circ Res 1989;65:185-192.

Virmani R, Robinowitz M, Smialek JE, et al. Cardiovascular effects of
cocaine: an autopsy study of 40 patienfsm Heart J 1988;115:
1068-1076.

Laposata EA, Hale P Jr, Poklis A. Evaluation of sudden death in psy-
chiatric patients with special reference to phenothiazine therapy: forensic
pathology.J Forensic Sci1988;33:432—440.

43. Ketai R, Matthews J, Mozdzen JJ Jr. Sudden death in a patient taking

haloperidol.Am J Psychiatry1979;136:112-113.

. Suessbrich H, Schonherr R, Heinemann SH, et al. The inhibitory effect of

the antipsychotic drug haloperidol on HERG potassium channels
expressed in Xenopus oocytdy. J Pharmacol 1997;120:968-974.

45. Priori SG, Napolitano C, Schwartz PJ. Low penetrance in the long-QT

syndrome: clinical impactCirculation. 1999;99:529-533.

Lerman BB, Dong B, Stein KM, et al. Right ventricular outflow tract
tachycardia due to a somatic cell mutation in G protein subunit alpha-2.
J Clin Invest 1998;101:2862—-2868.

. Priori SG, Barhanin J, Hauer RNW, et al. Genetic and molecular basis of

cardiac arrhythmias: impact on clinical management, @itculation.
1999;99:674—-681.

48. Priori SG, Barhanin J, Hauer RNW, et al. Genetic and molecular basis of

cardiac arrhythmias: impact on clinical management parts | andi.
culation 1999;99:518-528.

Anderson RH, Ho SY, Wharton J. Gross anatomy and microscopy of the
conducting system. In: Mandel WJ, e@ardiac Arrhythmias.3rd ed.
Philadelphia, Pa: JB Lippincott; 1995.

Kirschner RH, Eckner FA, Baron RC. The cardiac pathology of sudden,
unexplained nocturnal death in Southeast Asian refugb®dA 1986;
256:2700-2705.



