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ABSTRACT

Background Between 1980 and 1989, mortality
due to coronary artery disease decreased consider-
ably in the United States, suggesting a possible de-
crease in the prevalence of coronary atherosclerosis.
We examined this possibility in patients with valvu-
lar regurgitation who, often in the absence of angi-
na, underwent coronary angiography before valve-
replacement surgery.

Methods We studied 601 patients with isolated,
nonischemic valvular regurgitation who were oper-
ated on between 1980 and 1989 and who had under-
gone preoperative coronary angiography. From the
angiograms we determined the prevalence of clini-
cally significant coronary artery disease and of mul-
tivessel disease, assessed the mean degree of steno-
sis, and analyzed the trends in the data over the
years of the study.

Results The prevalence of coronary artery disease
(35 percent in 1980-1981, 37 percent in 1982-1983,
34 percent in 1984-1985, 37 percent in 1986-1987,
and 35 percent in 1988-1989; P=0.97) did not
change significantly during the study period. We
found no significant change in the prevalence of
multivessel disease (24 percent in 1980-1981 and 23
percent in 1988-1989, P=0.99) or in the mean (+SD)
degree of stenosis (11+13 percent in 1980-1981 and
13£14 percent in 1988-1989, P=0.07). When these
measures of coronary atherosclerosis were adjusted
for age and sex, there were still no significant chang-
es over time (P=0.39 for the prevalence of coronary
artery disease, P=0.81 for that of multivessel dis-
ease, and P=0.57 for the mean degree of stenosis).
The patients’ mean total cholesterol level decreased
from 21948 mg per deciliter (5.66+1.24 mmol per
liter) to 20644 mg per deciliter (5.33%=1.14 mmol
per liter) between 1980 and 1989 (P=0.04).

Conclusions From 1980 to 1989, no significant
change was observed in angiographic measures of
coronary atherosclerosis in patients with nonische-
mic valvular regurgitation, in contrast to the marked
decrease in mortality due to coronary disease in the
general population. These findings suggest that the
well-documented reduction in mortality due to coro-
nary disease may not be due to a reduction in the
prevalence of coronary atherosclerosis. (N Engl J
Med 1996;335:316-22.)
©1996, Massachusetts Medical Society.
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URING the 1980s, the age-adjusted

mortality due to coronary artery disease

decreased considerably in the United

States!-? and other countries.? This favor-
able trend was related partly to a decrease in the rate
of fatal myocardial infarction,2+7 but it was also as-
sociated with a decline in the prevalence of risk fac-
tors for coronary artery disease.!-2:8 These risk factors
strongly influence the severity of coronary athero-
sclerosis,®13 a major predictor of survival in patients
with coronary disease.'* These observations suggest
that the decline in mortality from coronary artery
disease is related to a parallel decline in coronary ath-
erosclerosis. However, because such a trend has yet
to be demonstrated, there is a need for anatomical
studies.!s

It is difficult to analyze trends over time in the
prevalence of coronary atherosclerotic lesions on the
basis of autopsies. Such studies are potentially bi-
ased!¢ and have produced conflicting data.l7-19 Al-
though coronary angiography makes possible the di-
agnosis of obstructive coronary atherosclerosis in
living patients,?0 it is performed almost exclusively in
patients with symptoms of coronary artery disease.
To analyze secular trends in the pattern of obstructive
coronary atherosclerosis, it is desirable to examine a
population not subject to selection bias, in which
coronary angiography, although routine, is not per-
formed primarily because of a suspicion of coronary
disease. Patients with severe nonischemic valvular re-
gurgitation, who rarely present with angina?! and who
undergo coronary angiography for preoperative eval-
uation,?? constitute such a population.

We therefore examined the coronary angiograms
of a group of patients operated on between 1980
and 1989 for isolated, nonischemic, valvular regur-
gitation to determine whether there was a decrease
over time in the prevalence and severity of obstruc-
tive coronary atherosclerosis that paralleled the de-
crease in mortality due to coronary disease in the
general population.
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METHODS

Patients

This study was based on a retrospective review of patients who
underwent surgical correction of valvular regurgitation at the
Mayo Clinic. Patients were included if they had organic (nonis-
chemic) isolated mitral regurgitation or aortic regurgitation, as
confirmed by echocardiographic and surgical assessment; under-
went surgical correction between January 1, 1980, and December
31, 1989; and had coronary angiography in the six months before
their operation. We excluded otherwise eligible patients who had
associated cardiac disease, such as congenital heart disease, con-
strictive pericarditis, or disease of the tricuspid valve necessitating
its replacement. Also, patients with ischemic mitral regurgitation
were explicitly excluded.

During the period studied, 778 patients underwent surgery for
isolated mitral regurgitation or aortic regurgitation; of these, the
601 who had preoperative coronary angiography formed our final
study group. In the group of 601 patients (mean [*=SD] age,
63*13 years), 385 had isolated mitral regurgitation, 216 had iso-
lated aortic regurgitation, 410 (68 percent) were men, 225 (37
percent) had atrial fibrillation preoperatively, 355 (59 percent)
were in New York Heart Association (NYHA) class III or IV, and
135 (22 percent) had chest pain. The mean ejection fraction,
measured before surgery in 566 patients, was 5612 percent.

Coronary Angiography

Coronary angiography was performed at the Mayo Clinic in
473 of the patients and at another institution in the other 128.
All the angiograms were interpreted at the Mayo Clinic by two
experienced observers. The degree of coronary-artery stenosis was
estimated visually as the obstructed proportion of each vessel,
given as a percentage of the vessel’s diameter.2® The three indica-
tors of atherosclerosis examined in the study were the presence or

absence of clinically significant coronary artery disease (analyzable
in all 601 patients), defined as stenosis of =70 percent of a cor-
onary artery or stenosis of =50 percent of the left main coronary
artery?4; the presence or absence of multivessel disease (analyzable
in 584 patients), defined as two or more vessels with clinically sig-
nificant stenosis or stenosis of the left main coronary artery?; and
mean segmental stenosis, defined as the average of the percentag-
es of obstruction of 11 proximal segments?* of the right and left
coronary arteries, as analyzed in the 473 patients in whom coro-
nary angiography was performed at the Mayo Clinic.

Statistical Analysis

Values are expressed as means *=SD. Groups were compared
with the use of a standard t-test or chi-square test, as appropriate.
The associations among the calendar years of intervention, the
extent of coronary atherosclerosis, and the patients’ preoperative
characteristics were analyzed for discrete variables with logistic re-
gression and for continuous variables with linear regression. Mul-
tivariate stepwise analysis was performed with the three end
points of the study as dependent variables. To assess secular trends,
the calendar year of surgery was considered as an independent var-
iable and entered in the final multivariate models. With use of a
model including only age and sex, age- and sex-adjusted preva-
lences of coronary atherosclerosis were calculated and the trends
over time were analyzed. Our explanatory models treated risk fac-
tors for coronary disease (age, sex, total cholesterol level, diabetes
mellitus, history of smoking, hypertension, and family history of
coronary disease) as independent variables. The possibility of re-
ferral bias was examined by adjusting for potential confounding
variables (age, sex, atrial fibrillation, NYHA functional class, dis-
tance of the hospital from the patient’s residence, serum creati-
nine level, type of valvular regurgitation, and left ventricular ejec-
tion fraction) both in models that included the risk factors and
in models that did not. The possibility of a type II error was as-

TABLE 1. SECULAR TRENDS IN CORONARY ATHEROSCLEROSIS
AND BASE-LINE CHARACTERISTICS OF THE PATIENTS.*

1980-1981 1982-1983

VARIABLE (N=98) (N=107)
Angiographic findingst
Coronary artery disease (%) 35 37
Multivessel disease (%) 24 17
Degree of obstruction (%) 1113 9+12
Other characteristics
Age (yr) 62+13 60+14
Male sex (%) 79 67
Serum creatinine (mg/dl)t 1.2+0.2 1.2+0.4
Atrial fibrillation (%) 41 42
NYHA class IIT or IV (%) 67 54
Distance <190 km (120 mi) (%)§ 46 38
History of smoking (%) 48 46
Diabetes mellitus (%) 3 7
Family history of coronary artery 34 40

disease (%)
History of hypertension (%) 27 22
Serum cholesterol (mg/dl) 219+48 214+45
Ejection fraction (%) 55+13 57+13

P

1984-1985  1986-1987 1988-1989  VALUE
(N=108) (N=139) (N=149) Fror TREND

34 37 35 0.97

21 21 23 0.99

12+14 12+12 13*+14 0.07

65+12 64+13 64+12 0.03

64 61 72 0.25

1.3+0.5 1.2+0.3 1.2+0.6 0.88

35 35 36 0.23

67 60 50 0.05

43 36 38 0.23

45 45 48 0.89

7 7 5 0.55

34 37 35 093

21 32 32 0.08

217+42 210+43 206+44 0.04

55+12 55+11 58+12 0.21

*Plus—minus values are means =SD.

1See the Methods section for definitions.

$To convert values to micromoles per liter, multiply by 88.4.

§This variable refers to the distance from the patient’s residence to Rochester, Minnesota.

9To convert values to millimoles per liter, multiply by 0.02586.
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sessed by calculating the confidence intervals for the trends over
time in the three indicators of atherosclerosis and by calculating
a simple average of the three trends and a weighted average of
these trends, taking into account the covariance matrix of the
three estimates.

The possibility of bias due to exclusion of patients who did not
undergo coronary angiography was analyzed by assigning to these
patients for each time period values for the three indicators of
coronary atherosclerosis on the basis of multivariate models (de-
fined in patients who had undergone angiography). These num-
bers were then added to the known data and tested for trend over
time. In all analyses, a P value of less than 0.05 was considered to
indicate statistical significance.

RESULTS

The prevalence of coronary artery disease in the
601 patients in the study group was 35.6 percent
(214 patients); the prevalence of multivessel disease
was 21.2 percent (124 of 584 analyzable patients);
and the mean segmental stenosis in the 473 studied
patients was 12+13 percent.

Changes over Time

The changes over time in various characteristics of
the patients are presented in Table 1. There were no
significant trends in the indicators of coronary ath-
erosclerosis during the study period. There was also
no significant secular trend in the prevalence of cor-
onary atherosclerosis after adjustment for age and

sex (Fig. 1). The odds ratio associated with each
consecutive calendar year was 0.97 (95 percent con-
fidence interval, 0.92 to 1.035; P=0.39) for coro-
nary artery disease and 0.99 (0.92 to 1.07; P=0.81)
for multivessel disease; the change in the degree of
obstruction for each consecutive calendar year was
an increase of 0.12 percent (95 percent confidence
interval, —0.29 to 0.52; P=0.57).

Although we found significant secular trends in
the severity of symptoms, in the patients’ ages, and
in their total cholesterol levels, our multivariate anal-
ysis revealed no significant association between the
year of surgery and the prevalence of coronary ath-
erosclerosis (Table 2). The independent factors that
were positively associated with the three indicators of
coronary atherosclerosis in the models that included
all variables are also shown in Table 2. These classic
risk factors were the strongest predictors of each of
the three indicators of coronary atherosclerosis.

Although their confidence intervals are relatively
large, the changes observed in the three indicators
are minimal (Tables 1 and 2 and Fig. 1). Two of the
trends represent a slight decrease in atherosclerosis,
and one a slight increase, suggesting a low probabil-
ity of a type II error. If we combine the three indi-
cators, we find a mean decrease in the prevalence of
coronary atherosclerosis from 1980 to 1989 of 2 per-

50+ r 50
Coronary artery disease
40 - 40 :\3
S 5
o 30 - 30 ‘3
e Multivessel disease 2
o @
S 20 F20 8
o . c
o Mean obstruction ©
A A A KA (]
1044 yAY AY -10 =
0 T T T T T 0
1980-1981 1982-1983 1984-1985 1986-1987 1988-1989
INDICATOR
Prevalence of 36 a1 32 36 34
coronary artery
disease (%)
Prevalence of 24 20 19 21 22
multivessel
disease (%)
Mean (=SD) 11+4 114 11+4 11+4 12.7+4

obstruction (%)

Figure 1. Indicators of Coronary Atherosclerosis Expressed as the Percentage of Patients with Clinically
Significant Coronary Artery Disease, the Percentage of Patients with Multivessel Disease, and the
Mean Obstruction (Mean Percent Stenosis in 11 Proximal Coronary-Artery Segments).

Values have been adjusted for age and sex.
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TABLE 2. ASSOCIATION OF SELECTED VARIABLES WITH INDICATORS OF ATHEROSCLEROSIS IN THE MULTIVARIATE ANALYSIS. *

VARIABLE CORONARY ARTERY DISEASE

OR (95% CI) P VALUE

Calendar year of operation
(per yr)

0.97 (0.90 to 1.05) 0.49

OR (95% CI)

0.99 (0.91 to 1.09) 0.86

MuLTIVESSEL DISEASE MEeAN OBSTRUCTION

MEAN PERCENT CHANGE
(95% CI)

P VALUE P VALUE

0.078 (—0.402 to 0.558)  0.58

Age (per yr) 1.08 (1.05 to 1.10) 0.001 1.08 (1.05 to 1.12) 0.001 0.39 (0.261t00.52) 0.001

Cholesterol (per 10 mg/dl  1.14 (1.07 to 1.20) 0.001 1.12 (1.05 to 1.18) 0.001 0.62 (0.32100.92) 0.001
[0.3 mmol/liter])

Diabetes mellitus 3.90 (1.54 t0 9.87) 0.004 — — 746 (2.261t012.66) 0.004

History of hypertension 1.95 (1.18 to 3.21) 0.009 1.81 (1.04 to 3.16) 0.036 474 (1.72t07.76) 0.002

History of smoking 1.74 (1.10 to 2.75) 0.018 — — — —

Male sex — — 2.23 (1.22 t0 4.09) 0.009 3.40 (0.40t0 6.40) 0.02

*OR denotes odds ratio, and CI confidence interval. For dichotomous variables, odds ratios are for patients with the factor in question,
as compared with those without it. For other variables, odds ratios are for each increase of the unit specified (for calendar years, each subse-
quent year). The dashes indicate that the variables were not significant in the final model.

cent in the unweighted average and an increase of 2.3
percent in the weighted average. These findings are
not commensurate with the decrease in mortality
from coronary causes in the general population dur-
ing the same period.

Analyses Including Patients without Preoperative
Coronary Angiography

Among the 778 patients who underwent surgery
in the study period, 177 were excluded from our fi-
nal study group because they did not undergo pre-
operative coronary angiography. These 177 patients
were younger and had fewer risk factors than those
in the study group (Table 3). We checked for possi-
ble bias in our results by imputing data on the prev-
alence and severity of coronary atherosclerosis, de-
rived from our study group, to the patients without
angiography and then combining the imputed data
with the known data (Table 4), but the only signif-
icant trend over time we found was a small increase
in the observed degree of mean segmental stenosis.

Referral Patterns

From the beginning to the end of the study period,
there was a trend for the yearly cohorts of patients to
be slightly older (P=0.03) and to have fewer symp-
toms at the time of surgery (P=0.05). Except for a
decrease in the total cholesterol level (P=0.04), no
other changes in the characteristics of the patients
were noted (Table 1). Functional class was not asso-
ciated with the presence or severity of coronary ath-
erosclerosis in the study group (P>0.50), and in our
multivariate models, which adjusted for age, as well
as other variables potentially affected by referral pat-
terns, we found no significant trends over time in
the prevalence or severity of coronary atherosclero-
sis. Finally, the geographic distribution of the pa-
tients — in terms of the proximity of their residenc-

es to our institution — did not change significantly
(P=0.23) (Table 1). Given these data, we could find
no eftects of the pattern of referral for surgery on
secular trends in the prevalence or severity of coro-
nary atherosclerosis.

DISCUSSION

Although there was a marked decline in mortality
due to coronary disease in the general population
between 1980 and 1989, we found that the preva-
lence and degree of coronary atherosclerosis did not

TABLE 3. CHARACTERISTICS OF PATIENTS WITH VALVULAR
REGURGITATION WHO UNDERWENT CORONARY ANGIOGRAPHY
AND THOSE WHO Dip NoT.*

CoroNARY  No CoRONARY
ANGIOGRAPHY  ANGIOGRAPHY P

CHARACTERISTIC (N=601) (N=177) VALUE

Age (yr) 63+13 53+17 0.001
Male sex (%) 68 67 0.70

Serum creatinine (mg/dl)f 1.2+£0.4 1.2+0.6 0.54
Ejection fraction (%) 56+12 59+11 0.002
NYHA class IIT or IV (%) 59 46 0.001
Distance <190 km (120 mi) (%)} 40 39 0.96
Serum cholesterol (mg/dl)§ 212+44 199+43 0.006
Family history of coronary artery 36 20 0.001
disease (%)
History of hypertension (%) 27 16 0.004
History of smoking (%) 46 36 0.014
Diabetes mellitus (%) 6 34 0.18

*Only patients who underwent angiography were included in the final
study group. Plus—minus values are means *SD.

tTo convert values to micromoles per liter, multiply by 88.4.

1This variable refers to the distance from the patient’s residence to
Rochester, Minnesota.

§To convert values to millimoles per liter, multiply by 0.02586.
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TABLE 4. ESTIMATED VALUES FOR INDICATORS OF CORONARY ATHEROSCLEROSIS
IN PATIENTS WITH VALVULAR REGURGITATION.*

P VaLue
VARIABLE 1980-1981 1982-1983 1984-1985 1986-1987 1988-1989 FOR TREND
percent
Prevalence of coronary
artery disease
Estimated 30 19 16 14 17
Total 33 31 30 34 32 0.97
Prevalence of multi-
vessel disease
Estimated 15 7 11 11 10
Total 21 14 18 19 21 0.58
Mean obstruction
Estimated 8.6 3.6 4.6 32 4.7
Total 10x11 7.8+10.5 1012 10.7+11.8 11.9*+12.8 0.04

*Estimated values for indicators of coronary atherosclerosis were obtained in patients who had not
undergone preoperative coronary angiography (n= 177 overall) on the basis of the final multivariate
models (defined in patients who had undergone angiography) and combined with the known data
in the final study group (n=601 overall) to obtain the total estimated indicators.

decrease significantly in patients with isolated valvu-
lar regurgitation during this period.

Trends in Mortality Due to Coronary Disease
and the Prevalence of Atherosclerosis

A recent investigation of data covering an interval
similar to our study period revealed a 23 percent de-
crease in the age-adjusted rate of death from coro-
nary artery disease in the general population.! This
decrease has been continuous and is not related to a
shift in the classification of the causes of death.?5 Al-
though the validity of such a decrease is widely ac-
cepted, its causes are not fully understood.!* The
prevalence of risk factors for coronary artery disease
that are strongly associated with mortality2¢ and cor-
onary atherosclerosis®!3 has also decreased in recent
years.1.2 Because the severity of coronary atheroscle-
rosis is an essential determinant of mortality from
the disease,!* a causal relation between a reduction
in risk factors, a decrease in coronary atherosclerosis,
and a decreased mortality rate appears implicit, but
this assumption has never been tested.15

The only available anatomical data come from au-
topsy studies and are inconsistent.!”-1° In our study,
no significant secular trend in the adjusted and un-
adjusted prevalence of coronary atherosclerosis was
observed in patients in the age range known to be
most affected by coronary disease. Moreover, the
trends that were found in the adjusted data are min-
imal, inconsistent with each other, and incommen-
surate with the marked change in coronary mortality
in the general population during the same period.

The extension of findings in a selected group to
the general population is always questionable. How-
ever, the fact that at the time of coronary angiogra-
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phy most of the patients in our study had no clinical
evidence of coronary artery disease and were similar
to the general population in their pattern of risk fac-
tors for coronary disease!-227:28 underscores the rele-
vance of the present data.

As unexpected as these results may appear, they
are consistent with other data. During a similar time
period, no decrease in the prevalence of coronary
disease?® or in the nonfatal manifestations of coro-
nary disease3? was detected in the general popula-
tion. The absence of a significant decrease in indica-
tors of coronary atherosclerosis in our study group,
despite a decrease in total cholesterol levels compa-
rable to that in the general population,! is also con-
sistent with the results of studies showing that low-
ering lipid levels produces an important decrease in
mortality but only minimal changes in the degree of
coronary-artery obstruction.?! Together, these results
suggest that a decrease in the prevalence and severity
of coronary atherosclerosis may not be the chief rea-
son for the decline in mortality from coronary dis-
case and that the decline needs to be explained by
other potential mechanisms.

The rupture of atherosclerotic plaques and the
formation of thrombi can cause acute coronary syn-
dromes and death; these processes can be triggered
by a number of factors3? and may occur in only min-
imally stenotic atherosclerotic lesions.333¢ A decrease
in the frequency of plaque rupture, possibly due to
a decrease in lipid content,? may minimize the com-
plications of atherosclerosis, especially sudden death.3¢
A decreased rate of sudden death3” thus may partly
explain the general reduction in mortality from cor-
onary disease and may have been influenced by fa-
vorable trends in the prevalence of risk factors.’8
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Interestingly, as compared with the decrease in mor-
tality, the decrease in the incidence of myocardial in-
farction has been less conspicuous®-#° and slower to
come about.! However, the proportion of myocar-
dial infarctions that are fatal has decreased,2#7 pos-
sibly because of improved therapy,? and this may
partly explain the decrease in mortality from coro-
nary causes.!

Coronary Atherosclerosis and Risk Factors

The risk factors associated with coronary athero-
sclerosis in our study were the same for the three
chosen indicators and similar to those described in
autopsy®!2 and angiographic!?® studies. Although a
causal relation between these risk factors and coro-
nary atherosclerosis has been disputed,!s the retard-
ing effect a reduction in risk factors has on the pro-
gression of atherosclerosis*!#2 argues in favor of the
connection. Our study confirms the relation between
accepted risk factors and coronary atherosclerosis in
a relatively representative group of living patients,
most of whom did not have angina.+?

Coronary Artery Disease in Patients
with Valvular Regurgitation

In previous studies, mostly involving data collected
before 1980, nonischemic valvular heart disease was
frequently associated with coronary artery disease#44¢
and had a poor prognosis’-#8; these findings led to a
recommendation that routine preoperative coronary
angiography be performed in patients with valvular
disease.*4+4¢ Recently, noninvasive methods have be-
come available to quantify the valvular defects,*-50
and coronary angiography, which has a small but def-
inite risk associated with it,51:52 is often the only rea-
son to perform cardiac catheterization. Moreover, the
decrease in mortality from coronary causes! in the
general population raises the possibility of a lower
prevalence of coronary disease in patients with valvu-
lar disease than has previously been described. In our
study, however, the prevalence of coronary atheroscle-
rosis was not significantly decreased during the study
period; we believe that coronary angiography should
continue to be performed routinely before surgery for
valvular disease, especially in older patients.5?

Limitations of the Study

The wisdom of generalizing the results of research
on a selected population is debatable, but no ran-
dom samples of the general population undergo cor-
onary angiography. Consequently, our study group
of patients who were alive and mostly without angi-
na at the time of angiography represents a unique
opportunity to look at data from a population that
is similar to the general population in the distribu-
tion of risk factors for coronary disease and also lies
in the age range in which obstructive coronary ath-
erosclerosis is usually observed. Although referral bias

cannot be ruled out completely, the clinical and geo-
graphic patterns of referral were examined, and no
biasing effects on secular trends in the prevalence of
coronary atherosclerosis could be identified.

Coronary calcifications can be measured noninva-
sively,>* but only with coronary angiography can we
reliably assess obstructive coronary atherosclerosis in
living patients.5s Coronary angiography is not a per-
fect technique,’ but its results are acceptably rep-
licable’” and potential variations in interpretation are
not likely to alter the analysis of secular trends in the
prevalence of coronary atherosclerosis.

We are indebted to Kim Jones for data abstracting, Sara Fett for
data analysis, and Janet Halling for secretarial help.

REFERENCES

1. Gillum RE. Trends in acute myocardial infarction and coronary heart
disease death in the United States. ] Am Coll Cardiol 1994;23:1273-7.
2. McGovern PG, Pankow JS, Shahar E, et al. Recent trends in acute cor-
onary heart disease: mortality, morbidity, medical care, and risk factors.
N Engl ] Med 1996;334:884-90.

3. Beaglehole R. International trends in coronary heart disease mortality,
morbidity, and risk factors. Epidemiol Rev 1990;12:1-15.

4. Gillum RFE. Acute myocardial infarction in the United States, 1970-
1983. Am Heart J 1987;113:804-11.

5. Goldberg RJ, Gore JM, Alpert JS, Dalen JE. Incidence and case fatality
rates of acute myocardial infarction (1975-1984): the Worcester Heart At-
tack Study. Am Heart J 1988;115:761-7.

6. Pashos CL, Newhouse JP, McNeil B]. Temporal changes in the care and
outcomes of elderly patients with acute myocardial infarction, 1987
through 1990. JAMA 1993;270:1832-6.

7. de Vreede JJ, Gorgels AR, Verstraaten GM, Vermeer F, Dassen WR,
Wellens HJ. Did prognosis after acute myocardial infarction change during
the past 30 years? A meta-analysis. ] Am Coll Cardiol 1991;18:698-706.
8. Pearson TA. Influences on CHD incidence and case fatality: medical
management of risk factors. Int J Epidemiol 1989;18:Suppl 1:5217-§222.
9. Rhoads GG, Blackwelder WC, Stemmermann GN, Hayashi T, Kagan A.
Coronary risk factors and autopsy findings in Japanese-American men. Lab
Invest 1978;38:304-11.

10. Sorlie PD, Garcia-Palmieri MR, Castillo-Staab MI, Costas R Jr, Oal-
mann MC, Havlik R. The relation of antemortem factors to atherosclerosis
at autopsy: the Puerto Rico Heart Health Program. Am ] Pathol 1981;103:
345-52.

11. Feinleib M, Kannel WB, Tedeschi CG, Landau TK, Garrison R]J. The
relation of antemortem characteristics to cardiovascular findings at necrop-
sy — the Framingham Study. Atherosclerosis 1979;34:145-57.

12. Freedman DS, Wattigney WA, Srinivasan S, et al. The relation of ath-
crosclerotic lesions to antemortem and postmortem lipid levels: the Boga-
lusa Heart Study. Atherosclerosis 1993;104:37-46.

13. Reed D, Yano K. Predictors of arteriographically defined coronary ste-
nosis in the Honolulu Heart Program: comparisons of cohort and arteri-
ography series analyses. Am J Epidemiol 1991;134:111-22.

14. Humphries JO, Kuller L, Ross RS, Friesinger GC, Page EE. Natural
history of ischemic heart disease in relation to arteriographic findings: a
twelve year study of 224 patients. Circulation 1974;49:489-97.

15. Stehbens WE. The quality of epidemiological data in coronary heart
disease and atherosclerosis. J Clin Epidemiol 1993;46:1337-46.

16. MacLean CJ, Reed DM. Predictors of atherosclerosis in the Honolulu
Heart Program. II. Adjustment for autopsy bias. Am J Epidemiol 1987,
126:226-36.

17. Elveback L, Lie JT. Continued high incidence of coronary artery dis-
case at autopsy in Olmsted County, Minnesota, 1950 to 1979. Circulation
1984;70:345-9.

18. Newman WP III, Guzman MA, Strong JP, Tracy RE, Oalmann MC.
Secular trends in atherosclerotic lesions: comparison of two studies of au-
topsied men conducted in different time periods. Mod Pathol 1988;1:109-
13.

19. Joseph A, Ackerman D, Talley JD, Johnstone J, Kupersmith J. Mani-
festations of coronary atherosclerosis in young trauma victims — an autop-
sy study. ] Am Coll Cardiol 1993;22:459-67.

Volume 335 Number 5 - 321

Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

20. Judkins MP Selective coronary arteriography. I. A percutaneous trans-
femoral technic. Radiology 1967;89:815-24.

21. Ramsdale DR, Bray CL, Bennett DH, Ward C, Beton DC, Faragher
EB. Routine coronary angiography is unnecessary in all patients with val-
vular heart disease. Z Kardiol 1986;75:Suppl 2:61-7.

22. Willerson JT. Selection of patients for coronary arteriography. Circu-
lation 1985;72:Suppl V:V-3-V-8.

23. Chaitman BR, Bourassa MG, Davis K, et al. Angiographic prevalence
of high-risk coronary artery disease in patient subsets (CASS). Circulation
1981;64:360-7.

24. The Principal Investigators of CASS. The National Heart, Lung, and
Blood Institute Coronary Artery Surgery Study (CASS). Circulation 1981;
63:Suppl I:1-1-1-81.

25. Sutherland JE, Persky VW, Brody JA. Proportionate mortality trends:
1950 through 1986. JAMA 1990;264:3178-84. [Erratum, JAMA 1993;
269:991.]

26. Martin MJ, Hulley SB, Browner WS, Kuller LH, Wentworth D. Serum
cholesterol, blood pressure, and mortality: implications from a cohort of
361,662 men. Lancet 1986;2:933-6.

27. Burt VL, Cutler JA, Higgins M, et al. Trends in the prevalence, aware-
ness, treatment, and control of hypertension in the adult US population:
data from the health examination surveys, 1960 to 1991. Hypertension
1995;26:60-9.

28. Lipton RB, Liao Y, Cao G, Cooper RS, McGee D. Determinants of
incident non-insulin-dependent diabetes mellitus among blacks and whites
in a national sample: the NHANES Epidemiologic Follow-up Study. Am J
Epidemiol 1993;138:826-39. [Erratum, Am J Epidemiol 1994;139:964.]
29. Higgins M, Thom T. Trends in CHD in the United States. Int J Epi-
demiol 1989;18:Suppl 1:558-566.

30. DeStefano F, Merritt RK, Anda RE, Casper ML, Eaker ED. Trends in
nonfatal coronary heart disease in the United States, 1980 through 1989.
Arch Intern Med 1993;153:2489-94.

31. Levine GN, Keaney JF Jr, Vita JA. Cholesterol reduction in cardiovas-
cular disease: clinical benefits and possible mechanisms. N Engl ] Med
1995;332:512-21.

32. Falk E. Why do plaques rupture? Circulation 1992;86:Suppl IIT:I11-
30-11I-42.

33. Ambrose JA, Winters SL, Arora RR, et al. Angiographic evolution of
coronary artery morphology in unstable angina. ] Am Coll Cardiol 1986;
7:472-8.

34. Kereiakes DJ, Topol EJ, George BS, et al. Myocardial infarction with
minimal coronary atherosclerosis in the era of thrombolytic reperfusion:
the Thrombolysis and Angioplasty in Myocardial Infarction (TAMI) Study
Group. ] Am Coll Cardiol 1991;17:304-12.

35. Friedman M, Van den Bovenkamp GJ. The pathogenesis of a coronary
thrombus. Am J Pathol 1966;48:19-44.

36. Davies MJ, Bland JM, Hangartner JR, Angelini A, Thomas AC. Fac-
tors influencing the presence or absence of acute coronary artery thrombi
in sudden ischaemic death. Eur Heart ] 1989;10:203-8.

37. Elveback LR, Connolly DC, Melton LJ III. Coronary heart disease in
residents of Rochester, Minnesota. VII. Incidence, 1950 through 1982.
Mayo Clin Proc 1986;61:896-900.

38. Cupples LA, Gagnon DR, Kannel WB. Long- and short-term risk of
sudden coronary death. Circulation 1992;85:Suppl I.I-1-1-18.

39. Edlavitch SA, Crow R, Burke GL, Baxter J. Secular trends in Q wave
and non-Q wave acute myocardial infarction: the Minnesota Heart Survey.
Circulation 1991;83:492-503.

40. Whitney EJ, Shear CL, Mantell G, Lydick E, Wolf R. The case for un-
stable angina pectoris as a primary end point in primary prevention studies.
Am J Cardiol 1992;70:738-43.

41. Alderman EL, Corley SD, Fisher LD, et al. Five-year angiographic fol-
low-up of factors associated with progression of coronary artery disease in
the Coronary Artery Surgery Study (CASS): CASS participating investiga-
tors and staff. ] Am Coll Cardiol 1993;22:1141-54.

42. Haskell WL, Alderman EL, Fair JM, et al. Effects of intensive multiple
risk factor reduction on coronary atherosclerosis and clinical cardiac events
in men and women with coronary artery disease: the Stanford Coronary
Risk Intervention Project (SCRIP). Circulation 1994;89:975-90.

43. Pearson TA, Derby CA. Should arteriographic case-control studies be
used to identify causes of atherosclerotic coronary artery disease? Am J Ep-
idemiol 1991;134:123-8.

44. Ramsdale DR, Bennett DH, Bray CL, Ward C, Beton DC, Faragher
EB. Angina, coronary risk factors and coronary artery disease in patients
with valvular disease: a prospective study. Eur Heart J 1984;5:716-26.
45. Acar J, Luxereau P, Vahanian A, et al. Should coronary angiography be
performed in all patients who undergo catheterization for valvular heart
disease? Z Kardiol 1985;75:Suppl 2:53-60.

46. Olofsson BO, Bjerle B, Aberg T, Osterman G, Jacobsson KA. Preva-
lence of coronary artery disease in patients with valvular heart disease. Acta
Med Scand 1985;218:365-71.

322 - August 1, 1996

47. Czer LSC, Gray RJ, DeRobertis MA, et al. Mitral valve replacement:
impact of coronary artery disease and determinants of prognosis after re-
vascularization. Circulation 1984;70:Suppl I:1-198-1-207.

48. Lytle BW, Cosgrove DM, Loop FD, et al. Replacement of aortic valve
combined with myocardial revascularization: determinants of early and late
risk for 500 patients, 1967-1981. Circulation 1983;68:1149-62.

49. Vandervoort PM, Rivera JM, Mele D, et al. Application of color Dop-
pler flow mapping to calculate effective regurgitant orifice area: an in vitro
study and initial clinical observations. Circulation 1993;88:1150-6.

50. Enriquez-Sarano M, Seward JB, Bailey KR, Tajik AJ. Effective regur-
gitant orifice area: a noninvasive Doppler development of an old hemody-
namic concept. ] Am Coll Cardiol 1994;23:443-51.

51. Davis K, Kennedy JW, Kemp HG Jr, Judkins MP, Gosselin AJ, Killip
T. Complications of coronary arteriography from the Collaborative Study
of Coronary Artery Surgery (CASS). Circulation 1979;59:1105-12.

52. Lozner EC, Johnson LW, Johnson S, et al. Coronary arteriography
1984-1987: a report of the Registry of the Society for Cardiac Angiogra-
phy and Interventions. II. An analysis of 218 deaths related to coronary
arteriography. Cathet Cardiovasc Diagn 1989;17:11-4.

53. Mullany CJ, Elveback LR, Frye RL, et al. Coronary artery disease and
its management: influence on survival in patients undergoing aortic valve
replacement. ] Am Coll Cardiol 1987;10:66-72.

54. Rumberger JA, Schwartz RS, Simons DB, Sheedy PF III, Edwards
WD, Fitzpatrick LA. Relation of coronary calcium determined by electron
beam computed tomography and lumen narrowing determined by autopsy.
Am J Cardiol 1994;73:1169-73.

55. Schwartz JN, Kong Y, Hackel DB, Bartel AG. Comparison of angio-
graphic and postmortem findings in patients with coronary artery disease.
Am J Cardiol 1975;36:174-8.

56. DeRouen TA, Murray JA, Owen W. Variability in the analysis of cor-
onary arteriograms. Circulation 1977;55:324-8.

57. Fisher LD, Judkins MP, Lesperance J, et al. Reproducibility of coro-
nary arteriographic reading in the Coronary Artery Surgery Study (CASS).
Cathet Cardiovasc Diagn 1982;8:565-75.

Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



