
WILLIAM C. ROBERTS
Coronary Arteries in Fatal Acute Myocardial Infarction

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 1972 American Heart Association, Inc. All rights reserved.

75231
is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TXCirculation 

doi: 10.1161/01.CIR.45.1.215
1972;45:215-230Circulation. 

 http://circ.ahajournals.org/content/45/1/215
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer 

of the Web page under Services. Further information about this process is available in the
which permission is being requested is located, click Request Permissions in the middle column
Clearance Center, not the Editorial Office. Once the online version of the published article for 

 can be obtained via RightsLink, a service of the CopyrightCirculationoriginally published in
 Requests for permissions to reproduce figures, tables, or portions of articlesPermissions:

 by guest on July 22, 2014http://circ.ahajournals.org/Downloaded from  by guest on July 22, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/content/45/1/215
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/
http://circ.ahajournals.org/


Coronary Arteries in Fatal Acute
Myocardial Infarction

By WILLIAM C. ROBERTS, M.D.

SUMMARY
The coronary arteries are diffusely involved by atherosclerotic plaques in fatal acute

myocardial infarction (AMI). The degree of luminal narrowing may vary but plaques
are present in practically every millimeter of extramural coronary artery. Usually the
lumens of at least two of the three major coronary arteries are narrowed >75% by old
plaques in patients who die suddenly (<6 hours) from cardiac disease with or with-
out myocardial necrosis. Coronary thrombi occur in about 10% of patients who die
suddenly or in whom necrosis is limited to the left ventricular subendocardium, and
in about 50% of patients with transmural myocardial necrosis. Coronary thrombi usu-

ally indicate the presence of shock or congestive heart failure or both during the
development of myocardial necrosis. The infrequency of coronary thrombi in patients
dying suddenly of cardiac disease and in those with transmural necrosis who never

have shock or congestive heart failure suggests that the thrombi may be consequences

rather than causes of AMI.
Although it may not precipitate AMI, coronary thrombosis may still be the under-

lying cause of the atherosclerosis. The finding of fibrin deposits in old atherosclerotic
plaques and the findings of atherosclerotic-type lesions (cholesterol clefts, foam cells,
pultaceous debris, calcific deposits) in organized known thrombi (as in the left atrium
in mitral stenosis) suggest a strong relationship between thrombosis and atherosclerosis.

Coronary arterial emboli are not rare; they are located in distal portions of the coro-

nary tree and are present in the small epicardial branches as well as in intramural
coronary arteries. In contrast, coronary thrombi are located in proximal portions of
major extramural vessels, are infrequent in the small epicardial branches, and are

absent in intramural coronary arteries. Coronary atherosclerosis is limited to the
extramural coronary arteries and spares the intramural coronary arteries.

Additional Indexing Words:
Atherosclerosis Coronary thrombosis Coronary hemorrhages Shock
Congestive cardiac failure Coronary embolism Intramural coronary arteries

T HIS PAPER focuses attention on the
coronary arteries in fatal acute myocar-

dial infarction (AMI) and attempts to present
evidence that the following conclusions about
this condition are valid: (1) that the extra-
mural coronary arteries are diffusely involved
by old atherosclerotic plaques; (2) that
thrombi in extramural coronary arteries are

infrequent in patients dying suddenly and in
those with only subendocardial necrosis; (3)

that thrombi, when found in extramural
coronary arteries in transmural infarction,
generally indicate the presence of pump

failure for some time before death; (4) that
thrombi in coronary arteries usually are

located at, and just proximal to, sites already
severely narrowed by old atherosclerotic
plaques; (5) that although coronary arterial
thrombi do not appear to precipitate AMI,
thrombosis, nevertheless, may cause the un-

derlying atherosclerosis; (6) that coronary

atherosclerosis does not involve intramural
coronary arteries; and (7) that coronary

arterial emboli are not rare and that their
pathology is usually distinctive.
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Diffuse Nature of Extramural Coronary
Arterial Atherosclerosis

in Fatal AMI
The extramural coronary arteries are dif-

fusely involved by old atheroselerotic plaques
in patients dying of AMIP (figs. 1 and 2). The
degree of luminal narrowing varies, but some
plaques are present on the intimal surface of
virtually every millimeter of major artery. The
extent of the coronary arterial atheroselerotic
process in fatal AMI was dramatically demon-
strated to Roberts and Buja by examination of
three histologic sections in every 5-mm
segment of the entire left main, left anterior
descending, left circumflex, and right coronary
arteries.' Of several thousand histologic sec-
tions of coronary arteries examined in 74
patients with transmural necrosis, in nine
patients with subendocardial necrosis and in
24 patients who died suddenly (< 6 hours
after onset of symptoms, but with no myocar-
dial necrosis), only four sections (excluding
those in three patients with coronary arterial
emboli) were free of old atheroselerotic
plaques. A coronary artery, however, may
contain a considerable amount of atherosele-
rosis and yet be capable of transporting
substantial quantities of blood to the myocar-
dium. When the degree of coronary narrowing
decreases the original lumen by more than
75%, the flow in the vessel is significantly
decreased. In the carotid artery, a detectable
reduction in flow and pressure does not occur
until the degree of luminal narrowing is
>8W%.2 Among the 107 necropsy patients
studied by Roberts and Buja, the average
number of major coronary arteries (three per
patient, excluding the left main) narrowed
> 75% by old atheroselerotic plaques were: 2.4
in 74 patients with transmural necrosis; 2.1 in
nine patients with only subendocardial necro-
sis; and 2.4 in 24 patients who died suddenly.
Similar observations had been made by Saphir
and associates,3 Blumgart et al.4 and Yater et
al.5 who found "complete occlusions" of
usually two major coronary arteries in patients
dying with angina pectoris or of AMI. The
degree of coronary arterial luminal narrowing
by old atheroselerotic plaques is identical in

patients with fatal AMI who have coronary
thrombi and in those without coronary throm-
bi.6
The sites of maximal narrowing of major

extramural coronary arteries are highly vari-
able from patient to patient, but certain
patterns emerge when large groups of patients
with fatal AMI are examined. The lumen of
the left main coronary artery is infrequently
narrowed > 75% by old atheroselerotic
plaques. In two of the 107 patients studied by
Roberts and Buja this vessel was narrowed to
this degree. Maximal narrowing of the left
anterior descending and left circumflex coro-
nary arteries is usually within 2 em of the
bifurcation of the left main artery. The
proximal and midportions of the right coro-
nary artery also appear to be predisposed to
greater degrees of luminal narrowing by old
plaques than does the distal portion. The main
function of the right coronary artery is to
supply the posterior wall of left ventricle via
its posterior descending branches. Thus, nar-
rowing of the right coronary artery at any site
proximal to the origins of the posterior
descending branches might have similar func-
tional significance. In other words, the left
coronary arterial tree begins supplying the left
ventricle with oxygen about 2 em from its
origin from the aorta; the right coronary
artery does not begin perfusing the left
ventricle until it has traveled in the right
atrioventricular sulcus for about 12 em. Thus,
severe narrowing of the right coronary artery
11 em from its aortic ostium might be as
significant a lesion as a similar narrowing 2 cm
from its ostium. In contrast, severe narrowing
of the left anterior descending coronary artery
11 em downstream without significant proxi-
mal narrowing may have minor myocardial
consequences.

Atherosclerotic lesions generally have been
classified into three types :7 (1) yellow (fatty)
streaks or dots; (2) fibrous plaques; and (3)
complicated plaques. The latter plaques con-
tain calcific deposits, cholesterol clefts, throm-
bus, or all three, and they may ulcerate (into
the arterial lumen) or weaken the vessel wall
so that it dilates. The atheroselerotic plaques
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CORONARY ARTERIES IN NlI

Figure 1

Major extramural coronary arteries at site of maximal niarrotwinlg in a 54-year-old wormian
(SH#A4571) wvho died suiddenly at home. She had had angina pectoris for several years but
niever a myocardial infarct or congestive cardiac failutre. At autopsy, the heart weighed 300 g,
and no foci of myocardial necrosis or fibrosis were present. (a) Right coronlary artery 3 cm
from the aortic ostimn. The lmnen is >90% obliterated. (b) Left main artery. (c) Left circum-
fex artery in the first 1 cmi. (d) Left anterior descending artery 3 cm from the bifurcation of
the left main artery. The ltuminal narrowcing in each vessel is due entirely to old plaques.
No thrombi 0o! hemorrhages into plaues were found. (Elastic van Gieson stains, each X 31.)

Circudlation, Volutme XLV, Januaryr 1972
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Figure 2

Major coronary arteries at sites of maximal narrowing in a 71-year-old man (SH5A4489) who
died suddenly of left ventricular free-wall rupture 9 days after onset of acute myocardial in-
farction. At no time during his life was congestive cardiac failure or shock noted. At autopsy,
the heart weighed 390 g, and no thrombi or hemorrhages were observed in the coronary
arteries. (a) Right artery. (b) Left main artery. (c) Left marginal artery. (d) Left circumflex
artery. (e) Left anterior descending artery. The major arteries (excluding left main and left
marginal) were narrowed >75% by old plaques. (Movat stains, each X 20.)

observed in extramural coronary arteries in
fatal AMI are of the complicated type.
Significant degrees of coronary arterial lumi-
nal narrowing do not result from foam-cell
lesions alone, except possibly in patients with
type III hyperlipoproteinemia.8 In most com-
plicated plaques few foam cells are present
and the luminal narrowing is caused primarily
by fibrous tissue, with or without calcific
deposits, and pultaceous debris (presumably
the end result of the breakdown of foam
cells). Why calcific deposits are absent in

coronary arteries of some patients with fatal
AMI and extensive in others is unknown.
Calcific deposits in these vessels increase with
age ( > 95% of patients in the U.S.A. > 80
years of age have coronary arterial calcific
deposits9), and these deposits are more
frequent and extensive in patients with
systemic hypertension as compared to normo-
tensive patients.9 Patients with diabetes melli-
tus also appear to have larger and more
extensive coronary calcific deposits than non-
diabetics.

Circulation, Volume XLV, January 1972
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Incidence and Significance of Coronary
Arterial Thrombi in Fatal AMI

AMI is generally considered to result from
thrombotic occlusion of a major extramural
coronary artery. Indeed, coronary thrombosis
was the name applied originally and used for
years to describe AMI both clinically and
pathologically. Although many clinicians and
pathologists expect to find a thrombus in a

coronary artery in fatal AMI, the reported
incidence of such thrombosis has varied from
7 to 91%.1, 3,10-30 Inclusion of cases of suben-
docardial infarction and sudden death ("acute
cardiovascular collapse in the absence of acute
myocardial necrosis" )31 with cases of trans-
mural infarction may be the major cause for
the variation in incidence.
Coronary arterial thrombi are infrequent in

patients who die suddenly with or without
previous histories of cardiac disease and in
those with only subendocardial necrosis (limi-
ted to the inner one half of the myocardium).
Among 24 patients who died suddenly (<6
hours from onset of symptoms) studied by
Roberts and Bujal two (8%) had a thrombus
in a coronary artery; and of nine patients with
only subendocardial necrosis, none had coro-

nary arterial thrombus. It contrast, of 74
patients with transmural myocardial necrosis
studied in a similar manner by the same

authors, 40 (54%) had a thrombus in a

coronary artery.
A true thrombus is adherent to the surface

of the artery bordering the lumen, and it is
composed of platelets or fibrin or both and
usually also of erythrocytes and leukocytes.
Coronary arterial thrombi are usually about 1
cm in length, and although they are adherent
distally they may not be adherent proximally.
The composition of a thrombus at varying
levels may differ; distally it is likely to consist
of platelets or fibrin or both (white throm-
bus), and more proximally it is likely to be
composed of erythrocytes, lesser quantities of
fibrin, few platelets, and some leukocytes (red
thrombus). Early thrombi may be composed
purely of platelets, and they are usually small
and nonocclusive.
Thrombi occurring in patients dying of AMI

Circulation, Volume XLV, January 1972

are, except in cases of embolism, superim-
posed on old atherosclerotic plaques (fig. 3).
Usually the artery containing the thrombus is
>50% narrowed already by old atherosclerotic
plaques and frequently the degree of luminal
narrowing is >75% at the distal attachment. In
nearly all patients with fatal AMI and
coronary arterial thrombi the lumen of the
artery distal to the thrombus is >75% nar-
rowed by old plaques. Of 40 patients with
coronary arterial thrombi and fatal transmural
AMI studied by Roberts and Buja, the artery
distal to the thrombus was already >75%
narrowed by old atherosclerotic plaques in 36
(90%). In three of the remaining four patients,
embolism rather than in situ thrombosis was
the cause. Although many investigators have
examined by serial sections the coronary
arterial segment containing the thrombus, the
status of the artery distal to the thrombus has
been poorly studied until recently' (fig. 3). In
a few patients studied by Roberts and Buja
the thrombus occurred in a segment of artery
between two sites of extreme narrowing by
old plaques. Experimentally, the site of
predilection of a thrombus has been within
such a segment or at the beginning of the
poststenotic luminal expansion.32
Why fresh thrombi are located at sites

of narrowing is unclear. Several investi-
gators' 3 6,33 40 have observed thrombi cov-
ering cracks in old atherosclerotic plaques,
and some36-38, 40 have considered rupture of
the innermost layer of plaques the important
precipitating cause of coronary arterial throm-
bosis. Ruptures occur particularly in fibrous
tissue covering deposits of pultaceous debris
and lead to discharge of necrotic debris into
the arterial lumens or to bleeding into
plaques. The break in the plaque exposes
collagen to the flowing blood, and this site is
said to be a strong stimulus for platelet
accumulation.41 The sudden change in volume
of the plaque by discharge of plaque material
into the lumen or from hemorrhage into the
plaque via the rupture also creates alterations
in flow patterns which favor platelet thrombo-
sis.36 J0rgensen6 has suggested that the
pathogenesis of coronary thrombi associated
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Figure 3

One coronary artery in each of two patients, both of whom had thrombi. (a and b) Left
circumflex coronary artery in a 57-year-old woman (A69-131) who died 4 days after onset of
acute transmural myocardial infarction. (a) The thrombus is firmly attached to an old plaque.
The retraction of the thrombus on one side is an artifact. (b) Distal to the thrombus, the lumen
is > 75% narrowed by an old plaque. (Movat stains, each X 21.)

(c and d) Anterior descending coronary artery 6-7 cm from the aortic ostium in a 59-year-
old woman (A68-285) who had the onset of acute transmural myocardial infarction 48 hours
before death. She had the onset of intermittent chest pain 2 months earlier and systemic
hypertension for 10 years. Her final 2 days were characterized by shock, pulmonary edema,
and bradycardia. At autopsy, a "massive" anterior-wall infarct, which was aneurysmally di-
lated, was present. The lumens of all three major coronary arteries were >75% narrowed by
old plaques. In addition, a small occluding thrombus was present in the left anterior descend-

Circulaton, Volume XLV, January 1972
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CORONARY ARTERIES IN MI

with ruptures of necrotic plaques is different
from that unassociated with rupture. That
coronary arterial thrombi are related to
rupture of necrotic plaques, however, is far
from proven. Serial sections are usually
necessary to observe cracks in plaques, and
even by this means interpretation is often
difficult. Such cracks were infrequently ob-
served beneath thrombi in the patients studied
by Roberts and Buja, and probably most
thrombi form over plaques with intact sur-

faces.42 43 Rupture of a plaque may result at
times from cutting an artery and fixing it
without prior support of its wall by injection.
Fulton43 injected coronary arteries with a solid
supporting medium before sectioning, and in
few did the intima produce convexity of the
lining. In none of his 25 patients who died of
coronary heart disease (14 with AMI) was

ulceration of a plaque observed. Interpreta-
tion of whether a plaque is cracked or, if
present, an artifact or real is fraught with too
much difficulty, in my opinion, to give this
possible mechanism of thrombosis undue
weight.
The thrombus in fatal AMI is practically

always located in the coronary artery respon-

sible for supplying blood to the myocardium
which was made necrotic: i.e., if the infarct
involves the anterior wall of the left ventricle,
and if a thrombus occurs, it will be located in
the anterior descending coronary artery; pos-

terior-wall necrosis is associated with throm-
bosis of the right coronary artery. W1hen
thrombi occur in either the left anterior
descending or circumflex coronary arteries,
they are usually located within 2 cm of the
bifurcation of the left main (or within 4 cm of
the left aortic) ostium. The left main artery is
virtually never the site of thrombosis. The
proximal portion of the right coronary artery,
however, does not appear to be a more

frequent site of thrombus formation than does
the mid- or distal portion. Thrombi are

infrequently seen in the small epicardial

branches of the major extramural coronary

arteries and never occur, other than as platelet
aggregates, to my knowledge, in intramural
coronary arteries. (See "Coronary Arterial
Embolism" below, for comparison.)
Not all coronary arterial thrombi are totally

occluding. (The term "occlusion" is not
synonymous with "thrombosis" as implied in
many reports, since occlusion may be partial
as wvell as complete, and since the vessel may

be occluded by material other than that which
forms a thrombus.) Partially occluding mural
or nonocclusive thrombi were found in seven

(18%), and totally occluding (occlusiive)
thrombi in 33 (82%), of 40 patients with
thrombi and fatal transmural mvocardial
necrosis studied by Roberts and Buja. Pure
platelet thrombi, as mentioned earlier, are

usually small and infrequently totally occlude
lumens. Nonoeelusive thrombi, since they are

small, may have little functional significance.
Even totally occluding thrombi when formed
in arteries already >90% occluded by old
atherosclerotic plaque also may have little
functional significance. Thus, it is not enough
to know whether or not a coronary artery
contains a thrombus. Information regarding
the degree of luminal narrowing by an old
atherosclerotic plaque at the site of, and distal
to, the thrombus, and whether the thrombus is
totally or only partiallv occlusive is required
before the significance of a coronary arterial
thrombus can be judged.
The role of coronary thrombosis in AMI is

unclear. For several decades coronary throm-
bosis w,as considered the cause of AM1I.
Clinically, A'MI represents a sudden change
for the patient compared to his preinfarction
status. This often dramatic clinical event has
been equated at autopsy with the finding of a

"fresh" thrombus in a coronary artery. How-
ever, only about 50% of patients with trans-
mural myocardial necrosis and about 10% of
patients with subendocardial necrosis or "suld-
den cardiovascular collapse without necrosis'

inig vessel (c). (Movat stain, x 25.) The percent of narrowing catused byl the thlrombuls is
small, however, compared to the percent of narrotwing resulting from old atherosclerotic
plaques. The lumen distal (d) to the thrombus is already severely narrowced by an old pla(que.
(Hematoxylin and eosin stain, X 25.)
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have a thrombus in a coronary artery at
necropsy. Thus, nothing new is found in the
coronary arteries in the majority of patients
dying of cardiac disease. The lack of finding
coronary arterial thrombi in patients dying
suddenly of cardiac disease and in only about
one half of those with myocardial necrosis has
given rise to the concept that coronary arterial
thrombi are consequences rather than causes

of AMI. Comparison of histologic ages of
coronary arterial thrombi and of acute myo-

cardial infarcts has indicated to some obser-
vers20 that thrombosis follows rather than
precedes myocardial necrosis. Judging the age

of a coronary thrombus, however, is difficult
and probably inaccurate, and therefore this
comparison is unreliable.
An examination of the clinical events during

the period of myocardial infarction has
provided a possible explanation for the
occurrence of coronary arterial thrombi in
some patients with AMI and their absence in
others. Spain and Bradess16, 28 have shown
that the frequency of thrombi increased, up to
a point, with increasing intervals between the
onset of symptoms of myocardial ischemia and
death, rising from 17% of 80 patients surviving
< 1 hour, to 36% of 22 patients surviving 1-8
hours, and to 57% of 100 patients surviving > 8
hours. Thus, a certain but variable period of
survival after infarction begins is usually
necessary for a thrombus to form.
The presence of coronary arterial thrombi in

AMI also has been found to correlate with the
presence of the power-failure syndrome (a
form of cardiogenic shock resulting in "an
inability of the myocardium to maintain the
level of cardiac output necessary for adequate
organ perfusion. There is evidence of under-
perfusion of one or more organ systems").30
Walston and associates30 in a clinicopathologic
study of 37 patients who died of AMI found
thrombi in 17 (71%) of 24 patients with and in
only two (15%) of 13 patients without the
power-failure syndrome. Of their 37 patients,
19 had coronary arterial thrombi, 17 (90%) of
whom had the power-failure syndrome; of
their 18 patients without coronary arterial
thrombi, seven (39%) had had the power-

failure syndrome. Similar correlations between
the presence of pump failure (shock or overt
congestive cardiac failure or both) were
observed by Roberts and Buja.' Thus, a
severely diminished cardiac output and conse-
quently slowed coronary arterial blood flow is
usually required for a thrombus to form in a
coronary artery. It has also been observed at
necropsy that the larger the area of myocar-
dial necrosis the more likely will a thrombus
be present in a coronary artery. Of course, the
larger the infarct, the more likely will pump
failure occur.
The type of activity of patients at the time

of onset of AMI also may reflect slowed blood
flow. Master, Dack, and Jaffe44 interviewed
890 patients with AMI and found that
symptoms of myocardial necrosis appeared in
73% of them during sleep, rest, or mild activity
(table 1). For myocardial necrosis to begin
during inactivity is in direct contrast to angina
pectoris, which appears during activity, but is
associated with similar degrees of coronary
arterial luminal narrowing.4 45-47 It would
appear that decreased coronary arterial blood
flow, i.e., relative stasis, is necessary for a
thrombus to form in a coronary artery and
that shock, congestive cardiac failure, and
inactivity all decrease coronary flow. The
slow-flow concept, however, does not explain
the occurrence of coronary arterial thrombi at
sites of, and proximal to, severe stenoses
caused by old atherosclerotic plaques. Lumi-
nal narrowing, however, does introduce points

Table 1
Types of Activity at Onset of Acute Myocardial
Infarction

Activity

1. Sleep
2. Rest (lying or sitting)
3. Mild activity
4. Moderate activity (excludes walking)
a. Walking
6. Unusual or severe exertion

Attacks
No. %*

198 22
277 31
180 20
76 9

141 16
18 2

890 100

*The percentages for these six activities are very
similar to those occurring in most individual's daily
lives.
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of high-velocity gradients which appear to
favor platelet aggregation.48 A high shearing
stress also may damage erythrocytes,49 fol-
lowed by release of adenosine diphosphate50
and platelet damage.

Several explanations have been offered for
the absence of coronary arterial thrombi in
patients dying of AMI or of "acute cardiovas-
cular collapse without myocardial necrosis."
Postmortem lysis of thrombi as a result of
excessive production of fibrinolysins has not
been proved or disproved although several
observations tend to discount this explanation.
In fatal AMI or sudden death the major
coronary arteries in patients without definite
thrombi are frequently free of blood or blood
products. If fresh thrombi had been lysed
immediately postmortem, partially liquified
blood or a remnant of a thrombus within the
lumen would be expected, and this has not
been the case. Necropsies performed within 15
min on patients with coronary heart disease
dying suddenly have not disclosed evidence of
partially lysed thrombi.28 It is unlikely that
postmortem lysis of thrombi could be so
selective as to liquefy only those thrombi
which allegedly might have been present in
patients with subendocardial necrosis and not
lyse those thrombi associated with transmural
necrosis. It is unlikely that postmortem lysis,
an artifact, which in a sense occurs by chance,
could account for identical percentages of
thrombi being present in separate but similar
studies carried out a decade apart by the same
investigators.16' 28

Inadequate examination of the coronary
tree so that thrombi, though actually present,
were not observed is highly unlikely. At least
three histologic sections of every 5-mm
segment of the entire extramural coronary
arterial tree were examined in the study of 107
patients with fatal AMI by Roberts and Buja.1
The chance of missing a thrombus by this
technique is unlikely.
The absence of thrombi in coronary arteries

of many patients with AMI may explain in
part the lack of clear-cut benefits provided to
patients with AMI treated with anticoagu-
lants. After the use of these drugs for 20 years,
Circulation, Volume XLV, January 1972

controversy still continues as to whether or not
they are beneficial to patients with AMI. Of
factors favoring the use of anticoagulants in
patients with AMI, the purported ability of
these drugs to inhibit the formation or
extension of a thrombus in a coronary artery
has been high on the list. This factor,
however, had been based on the supposition
that AMI is usually caused by coronary
thrombosis. The incidence of coronary arterial
thrombi in fatal AMI in patients treated with
anticoagulants is similar to that in patients not
receiving anticoagulants.6
Although it may not be the precipitating

cause of AMI, thrombosis may still cause the
underlying coronary atherosclerosis. Indeed,
there is little doubt that organization of
thrombi contributes to the development of the
complicated atherosclerotic plaque. The pres-
ence of fibrin and platelets in atherosclerotic
plaques strongly connects atherosclerosis with
thrombosis. Each has been found in plaques
by immunofluorescent techniques,51' 52 and
fibrin is commonly found in plaques by
histologic and electron-microscopic examina-
tion. Histologic evidence that a plaque is
derived from a thrombus, however, is fre-
quently obscured.53 As a thrombus is covered
by new endothelium, the underlying endothe-
lium is replaced by connective tissue from the
intima which obliterates the original line of
demarcation (fig. 4). Thrombi appear to
organize by ingrowth of overlying endothelial
cells and by connective tissue from the
intima.54 Modified smooth-muscle cells,55-5
which are capable of synthesizing collagen,
elastin, and probably mucopolysaccharides55, 58
and which are present in connective tissue of
arterial intima (they also may be derived from
endothelium55), invade the bases of attached
thrombi. Small mural thrombi organize by an
avascular process53 59 whereas larger thrombi
become vascularized.60 Capillaries extend
from the new overlying endothelium to
provide a direct blood supply from the lumen
and from vasa vasora to penetrate thrombi at
their bases.60' 61 Vascularization is considered
the hallmark of an organized thrombus.60
Capillaries growing into a thrombus have
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- Thrombus

L i= Fibrous
tissue

[ 0 Foam cells

LizR--- Pultaceous
debris

Iz^ ICholesterol
clefts

Calcium

Figure 4

Diagram depicting formation of coronary arterial atherosclerotic plaques from mural and
occlusive thrombi. The mural thrombus initially contacts only a portion of the intimal lining.
The fibrin-platelet thrombus is covered by endothelial cells, and retraction occurs as it orga-
nizes into fibrous tissue. Foam cells appear. Another mural thrombus follows, and the process

of organization is repeated. The lines of demarcation between the separate thrombi gradually
fade so that at the final stage histologic study makes recognition of previous components of
the thrombus difficult.

Organization of an occlusive thrombus may occur in two ways. In one, the thrombus retracts
from one intimal surface to form a single channel. As it organizes, the surface of the thrombus
exposed to the lumen is covered by endothelial cells. Organization takes place from the over-

lying newly grown endothelium and from preexisting intima to encase in fibrous tissue the
residual thrombus, which may undergo fatty degeneration. Alternatively, organization may

occur by capillaries growing into the thrombus at its base. The capillaries may dilate as the
thrombus retracts during organization finally leading to the plaque with recanalized channels.

fibrinolytic activity,62 which contributes to
resolution of a thrombus as it organizes. These
capillaries, which may later atrophy, can be a

source of hemorrhage into plaques. Occlusive
thrombi, like mural thrombi, may be incorpo-
rated into the intima of arteries as atheroscle-
rotic plaques.53 Occlusive thrombi may retract
before endotheliazation is complete and there-
by appear later as mural or nonocclusive
plaques (fig. 4).
The source of lipids in atherosclerotic

plaques is unclear. Fatty degeneration may

occur in any thrombus or hematoma; organi-
zation of a left atrial thrombus in mitral
stenosis, for example, may result in a structure
apparently identical to an atherosclerotic
plaque (fig. 5). Platelets, erythrocytes, and
plasma all may provide lipids to plaques.
When whole blood clots are injected into
systemic veins of rabbits, fibrous intimal
plaques (containing little lipid) form in
pulmonary arteries.63 Even though the emboli
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Figure 5

Left atrial thrombi in each of two patients with mitral valvular disease. Organization of
these thrombi may result in plaques that may look identical to complicated atherosclerotic
plaques. (a) Section of left atrial wall in a 50-year-old woman (A67-210) with a huge throm-
bus. Organization of portions of the thrombus led to development of numerous cholesterol clefts,
pultaceous debris, and calcific deposits, as well as fibrous tissue-components of arterial
atherosclerotic plaques. (Hematoxylin and easin stain, X 20.)

(b) Section of portion of left atrial wall in a 60-year-old man (A70-280) with severe mitral
regurgitation. Mitral valve replacement was performed 50 days before death. Organizing mural
thrombus was found in the left atrium at autopsy. The section shows strands of fibrin (dark)
interspersed with strands of fibrous tissue (light) on the endocardial surface of the left atrium.
This process represents organization of a thrombus-probably 50 days old-and is virtually
identical to the fibrin-fibrous tissue lesions that occur in coronary arteries. (Phosphotungstic
acid-hematoxylin stain, X 10O.)

are occlusive they organize by retracting into
eccentric plaques. The conversion of thrombo-
emboli to plaques is important evidence for
the thrombotic origin of atherosclerosis. When
platelet-rich thombi rather than whole blood
clots are injected, typical fatty atherosclerotic
plaques containing many foam cells and foci
of calcium develop.64 Erythrocytes contain
less lipid than do platelets, but repeated small
hemorrhages may lead to accumulation of
large amounts of lipid, especially cholesterol.65
The plasma supplies lipoproteins, which are
found in both recent and organizing thrombi66
as well as in old plaques.67
Circulation, Volumne XLV, January 1972

Atherosclerotic plaques are like fingerprints.
No two are alike. In a study of the entire
coronary tree of 107 patients with fatal AMI,
tremendous variation in the composition of
adjacent plaques was noted.' Some plaques
contained lipid and large quantities of pulta-
ceous debris, whereas others were composed
primarily of fibrous tissue. Differences in
composition of original thrombi may explain
differences in composition of atherosclerotic
plaques. Mixed white and red thrombi form
plaques that contain some foam cells,68 but
not in the quantity found in plaques derived
from platelet-rich or white thrombi.64 The
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type of thrombus, whether mural (nonocclu-
sive) or occlusive, also may affect the
composition of a plaque. Occlusive platelet
thrombi usually do not accumulate fibrin
while undergoing transformation to fibrofatty
plaques.64 Mural platelet thrombi, in contrast,
appear to be partially or totally replaced by
fibrin before undergoing organization, and
consequently the plaques that form are mainly
fibromuscular.69-71

Hemorrhages into Atherosclerotic Plaques

Hemorrhages into old atheroselerotic
plaques are common, occurring in 26 (24%) of
107 patients studied by Roberts and Buja,' but
they probably are of little functional signifi-
cance. In only one of the 26 patients with
hemorrhages into plaques studied by Roberts
and Buja did the lumen of the artery appear
to have been compromised by the extravasated
blood. In contrast to thrombi in coronary
arteries in fatal AMI, hemorrhages often occur
in coronary arteries unrelated to the area of
necrosis, and they may occur in more than one
artery or in multiple sites in the same artery.
Hemorrhages appear to form from either
breaks in the fibrous capsule covering a
plaque or from rupture of a small vascular
channel within a plaque. Each of these
mechanisms is difficult to prove in the
individual patient. Possibly small hemorrhages
into old plaques occur chronically and have
little to do with AMI. It is possible that some
hemorrhages into old plaques may be pro-
duced artifactually during cutting and proces-
sing of coronary arteries for histologic study.
A possible detrimental effect of hemorrhages
into plaques is the occurrence of superim-
posed thrombi. This association, however, is
not as frequent as once supposed. The two
may occur together, presumably when a crack
in a plaque is the responsible mechanism.
Fulton,43 J0rgensen et al.,6 and Roberts and
Bujal did not find an association between
hemorrhages into plaques and coronary
thrombosis, probably because the majority of
thrombi were observed over plaques that
consisted predominantly of fibrous tissue.43
The incidence of hemorrhages into plaques

does not appear to be increased by the use of
anticoagulants.6' 43

Coronary Arterial Embolism
The occurrence of a clot in the distal

portion of a major extramural coronary artery
suggests that the cause is embolism rather
than thrombosis. This situation occurred in
three of 107 patients with fatal AMI studied
by Roberts and Buja. Coronary arterial
embolism differs from thrombosis in the
following manner: (1) the clot is located
distally, not proximally, and is usually in the
anterior descending coronary artery; (2) the
clot extends into intramural coronary arteries
and into the epicardial branches of the major
extramural vessel (in thrombosis, no clot is
found in intramural coronary arteries and
uncommonly in the small epicardial branches
of major vessels); and (3) the entire extra-
mural coronary arterial tree is relatively free
of old atheroselerotic plaques. It is difficult to
make the diagnosis of embolism anatomically
if the lumens of the coronary arteries are >50%
narrowed by old plaque. Also, patients with
emboli are usually relatively young and the
predisposing circumstances exist for embolism
to occur (arrhythmia, infective endocarditis,
intracardiae mural thrombosis, etc. ) 72-76

Intramural Coronary Arteries
in Fatal AMI

Much has been written about disease of the
small coronary arteries. That intramural coro-
nary arteries are narrowed in certain condi-
tions, particularly the neurogenic heart dis-
eases (Friedrich's ataxia, progressive muscular
dystrophy, myotonic congenita), is now a
well-established fact.77 In my view, conditions
that involve extramural coronary arteries have
not been shown also to involve the intramural
coronary arteries. There are dissenting views,
however, on this point.78-81 Likewise, condi-
tions that clearly involve intramural coronary
arteries tend to spare the extramural coronary
arteries. With the exception of the small
arteries in the left ventricular papillary
muscles, which are subjected to maximal
systolic intraventricular pressure over the
entire circumference of their surfaces, diseases
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that affect the intramural coronary arteries do
not affect the extramural coronary arteries,
and vice versa. Other than insignificant
minimal fibrous intimal proliferation in a rare
intramural coronary artery, and that usually is
in the left ventricular papillary muscles, no
abnormality was observed in the intramural
coronary arteries in any of the 107 patients
with fatal AMI studied by Roberts and Buja.
Indeed the intramural vessels in the heart
appear to be protected from intimal prolifera-
tion and luminal narrowing by the contracting
adjacent myocardium. In coronary athero-
sclerosis, plaques occur routinely in epicardial
branches of major extramural arteries, but as
soon as these branches penetrate into myocar-
dium the lumen is suddenly wide open again.
Even in systemic hypertension, the intramural
coronary arteries are not affected as are other
small systemic arteries in this condition. The
coronary arteries are not exposed to the high
systolic pressure because they are perfused
mainly in diastole. The contracting ventricular
myocardium may further lower the intralumi-
nal pressure in these small vessels. Although
patients with diabetes mellitus have been
reported to have disease of intramural coro-
nary arteries,79 this finding has not been
observed by this author. Foam cells, choles-
terol clefts, and pultaceous debris-compo-
nents of plaques in extramural coronary
arteries-are virtually never found in intramu-
ral vessels. Thus, significant involvement of
intramural coronary arteries does not occur in
patients with significant luminal narrowing of
extramural coronary arteries.
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