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Plaque rupture with severe pre-existing stenosis
precipitating coronary thrombosis
Characteristics of coronary atherosclerotic plaques
underlying fatal occlusive thrombi
ERLING FALK
From the Institutes ofPathology, Randers Centralsygehus and Aalborg Sygehus, Denmark

suMMARY Ruptured atheromatous plaques were identified by step-sectioning technique as respon-
sible for 40 of 51 recent coronary artery hombi and 63 larger intimal haemorrhages. The degree of
pre-existing luminal narrowing at the site of rupture was decisive for whether plaque rupture caused
occlusive thrombosis or just intimal haemorrhage. If the pre-existing stenosis was greater than 90%
(histologically determined) then plaque rupture nearly always caused occlusive thrombosis. Clearly
indicating the pnmary role of plaque rupture in thrombus formation were the frequent finding of
plaque fragments deeply buried in the centre of the thrombus and the nature of the thrombus at the
site of rupture where it consisted predoiinantly of platelets. Thus, a severe chronic stenosis seems
to be a prerequisite for occlusive thrombus formation, but the thrombotic process itself is triggered
by an acute intimal lesion.

No general agreement exists on the pathogenesis of
early atherosclerotic lesions, but there seems to be
little doubt that incorporation of mural thrombi
("encrustation") contributes to the progression of the
atherosclerotic plaques causing luminal narrowing,12
and the final vascular occlusion is in any case always
the result of a complicating thrombosis.3 Thetrigger-
ing mechanism responsible for a sudden thrombotic
occlusion of a vessel which has been diseased for years
is, however, still not well understood. Thrombus
formation involves the interplay of the vascular wall
with cellular and humoral factors within a flowing
stream of blood. For more than 100 years three fac-
tors, usually known as the triad of Virchow, have
been considered essential in thrombogenesis: abnor-
malities of the vessel wall, alterations of blood flow,
and changes in the composition of the blood. In fatal
atherosclerotic heart disease, necropsy studies have
shown that coronary artery thrombosis practically
never occurs unless the following are present.

(1) An acute intimal lesion underlying the thrombus.
Intimal haemorrhages were once considered the pri-
mary cause of coronary thrombosis,45 but more
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recently the acute vascular lesions at the site of
thrombosis have been described as intimal fissures,
breaks, tears, rents, erosions, ulcers, and rup-
tures.6-12

(2) A pre-existing atherosclerotic plaque at the site of
thrombosis causing severe luminal narrowing' 13 14 and
resulting in localflow disturbances. Recent angiographic
studies of patients with evolving myocardial infarction
have shown that after successful intracoronary
thrombolysis an underlying high grade atherosclerotic
stenosis remains.15
Concerning changes in the composition of the

blood, several studies have described abnormalities in
platelet function,16 17 coagulation factors,'8 19 the
fibrinolytic system, and blood viscosity20 in patients
with ischaemic heart disease, but these alterations
may just reflect the well established fact that a throm-
botic and hypercoagulable state often develops secon-
darily to vascular and/or myocardial lesions.2'
Rupture of atherosclerotic plaques has, in addition

to fatal coronary thrombosis, been held responsible
for larger intimal haemorrhages,22 23 but exact know-
ledge of the determining factors for the ultimate out-
come of a plaque rupture is lacking. Therefore, it was
decided to undertake a thorough study of coronary
thrombi and larger intimal haemorrhages in an
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attempt to assess the individual significance and
interplay of plaque rupture and pre-existing luminal
narrowing in the pathogenesis of fatal coronary
thrombosis.
Subjects and methods
Forty-nine patients with clinically suspected fatal
ischaemic heart disease were selected for postmortem
coronary angiography at the Institute of Pathology,
Randers Hospital during the period 1 February 1980
to 30 June 1981.
No appreciable coronary atherosclerosis was found

in two patients, where necropsy showed a congestive
cardiomyopathy in one case and a myeloproliferative
disorder with acute coronary thrombosis in the other.

Coronary atherosclerosis was the underlying cause
of death in the remaining 47 cases (37 men, 10
women, age range: 42 to 87 years, median age: 69
years). In three patients who died instantaneously
without preceding symptoms, the necropsies dis-
closed a total of 10 old coronary occlusions but no
recent thrombi. In 44 patients, of whom two died
instantaneously while 42 had chest pain before death,
the necropsies disclosed 29 old coronary occlusions
and 51 recent coronary thrombi. The ages of the
recent thrombi judged from the clinical symptoms
and the myocardial infarcts (when present) were as

follows: 26 were less than 24 hours old, 14 were 1 to 7
days old, five were 1 to 2 weeks old, and six were more
than 2 weeks old.
These 47 cases of fatal atherosclerotic heart disease

form the basis for this study. Eleven of them were
used in a previous study, where the methods of heart
examination were described in detail.24 Briefly, after
postmortem coronary angiography, fixation, and
decalcification, the coronary arteries were cross-
sectioned at 3 mm intervals. All segments, which
angiographically or after sectioning showed occlu-
sions, stenoses, or larger intimal haemorrhages, were
processed for microscopy. All thrombosed segments
were step-sectioned at 200 ,u intervals and the point of
maximal luminal reduction resulting from old
atherosclerotic plaques was identified. All larger inti-
mal haemorrhages were also step-sectioned, though
with variable intervals. Approximately 8000 sections
were examined microscopically.

DEFINITIONS
Histological stenosis: the ratio between the cross-
sectional area of the residual lumen and the assumed
original cross-sectional luminal area of the vessel (the
area encircled by the internal elastic membrane).

All cross-sectional areas (A) were calculated from
measurements of maximal (D) and minimal (d)

Fig. 1 Two cases illustrating plaque rupture with grossly disernible intimal haemorrhage
but withoutsignificant luminal thrombosis. The vascular lumen isfilled with contrast medium
(Masson's trichrome stain). (A, B) No mural thrombosis is detectable by light microscopy at
the site of rupture (arrow) (original magmfications A x7, B x36). (C, D) In this case,
however, microscopy shows that therupture has been sealed by a thin mural thrombus(arrow)
(original magnifications C x9, Dx91).
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diameters assuming an elliptical cross-section,
A=¾4xi7rxDxd (measured by projection microscopy
using a Reichert Lanometer).

Occlusive thrombus: recent thrombus obliterating at

A

least 90% of the residual lumen.

Plaque rupture: disruption of the fibrocellular "cap"
covering a pool of soft extracellular fatty material with
cholesterol clefts resulting in direct contact between
the flowing blood and the atheromatous "gruel".

B

41
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Fig. 2 Two cases iustrating plaqw rupture with intmal haemrrhage and loss of some
plaque material. The lost material must have been discharged into the lumn and washed
away (embolised). (A, B)Afai*r6 recent rupturedatromats plaqueproximally inthe left
marginal branch. The thinfibrous cap seen inA (arrow) is disrvpted and party lost in B
(asterisk) reuling in a wide direct communication bewen theflowing blood and the soft
athermatous mateal of the plaque. Much of the adtromats substance has been lost
(washed away) with haemorhage into the surounding plaqW conns (onginal
magnification xIS). (C) A smal peripheral extramyocardial branch ofthe kft marginal
branch showning an older organised occlsion with cholesterol ckfts, probably an organised
atheroembolus (original magication x33). (D) In the same patietaperpheral branch of
the kft anteior descending artery was occluded byfibrous tissue containig cholesterol ckfts,
probablyan organised atheroembolus. Proximaly in thearteyan oldplaque rupture with lost
atheromats substance was found (original magmfication x33). (E, F) In this case
miroopy ofa grossly discernible intimal haemorrhage disclose a niche in the vessel waaU
(arrow) surouded by intimalhaenorrhage. The lostatermato substance musthave been
discharged into the lunen and washed away with the blood (embolised) (original
magn#ication Ex6, F x33).
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Results discernible intimal haemorrhage without luminal
thrombosis or with a tiny mural thrombosis sealing

The pathological findings are illustrated in Fig. 1 to 4 the rupture site which could just be seen under the
and summarised in Tables 1 to 3. microscope (Fig. 1). In several cases fatty atheromat-
A total of 103 plaque ruptures was identified (Table ous material had been discharged into the lumen and

1). Sixty three of these were associated with grossly washed away (embolised) leaving a niche in the vessel
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Fig. 3 A case clearly iUustratng the primary role ofplaque rupture in the pathogenesis of
occlusive coronary thrombosis. (A) Postnortem angiogram shounng total occlusion ofthe left
anterior descending artery at the arrow (original magnification xO.6). (B) The thrombosed
vascular segment is cut transversely at 2 to 3 mm intervas (white contrast medium in the
non-thrombosed vascularlumen). Section No. 2 shows the disruptedfi brous cap (arrow), and
it is seen that both a cap fragment and fatty atheromatous substance have been lost. The
thrombotic process has started at the site ofrupture (sections No. 2, 3, and 4) and attains its
occlusive propertyjust distal to the rupture (section No. 5). (C) Microscopy ofsection No. 4
shows direct communication between the vascular lumen and the atheromatous "gruel" (big
arrow) and mural thrombosis at oneofthefree edges ofthe tornfibrous cap whichprojects into
the lumen (small arrow) (original magnification x13). (D) Microscopy ofsection No. S shows
a detached fragment of thefibrous cap (small asterisk) and atheromatous material with
cholesterol ckfts (big asterisk) intimately mixed with aggregated platelets in the vascular
lumen (original magmfication x 15). (E) Histological sectionfrom the peniusio area ofthe
left anterior descending artery showving an intramyocardial arery occluded by a platelet
embolus containing atheromatous plaque material with cholesterol clefts from the ruptured
plaque proximal in the artery (original magnification x33).
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A B

Fig. 4 Another case illustrating that plaqw rupture precedes and initiates the thrombotic
process in the vaular humen. (A) Photograph offat stained (Oil Red 0) cross-sectioned
coronary arter showing thelmen totally occluded bya thrombus. Thefatty material(black in
photograph) which is seen deeply buwied in the thrombus (arrow) wasfirst recognised grossly
after application of the fat stain. (B, C) Microscopy shows a plaque rupture underlying the
occluding thrombosis. Fatty atheromatous plaque contents with choksterol ckfts is seen

intimately mixed with the platekt thrombus (original magnifications B xIO, C x145).

wall (Fig. 2). In addition to intimal haemorrhages of

variable degree, there were 40 cases associated with
significant luminal thrombosis (Fig. 3 and 4) which in
all but two were occlusive (two left main stem lesions
with mural thrombosis). Table 1 shows that plaque

rupture was always accompanied by occlusive throm-
bus formation if the pre-existing stenosis was greater
than 95%. Rupture of plaques causing 90 to 94%
stenoses was very often accompanied by occlusive
thrombosis (15 of 19 cases (79%)), while this rarely

Table 1 Degree ofpre-existing atherosclerotic stenosis at site ofplaq ruptre and presence or absence of complicating occlusive
thrombosis

Histological stenoss (%)

<50 50-59 60-69 70-74 75-79 80-84 85-89 90-94 95-99 Total

Occlusive thrombosis
Absent 3 9 10 16 6 7 8 4 63
Present 1 2 2 8 15 12 40

Total 3 9 10 17 8 9 16 19 12 103

Note: Two fatal left main stem lesions (78 and 86% pre-existing stenosis) with mural thrombosis obstructing one-half and one-quarter,
respectively, of the residual lumen are included in the group of occlusive thrombi.
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Table 2 Number and percentage of thrombi precipitated by
plaqe rupture correlated with age, sex, heart weight, and
diabetes mellitus

No. Thrombi precipitatd by
plaqu ruptwe

40-49 7 6/7= 86%
50-59 2 2/2 = 100%

Age (y) 60-69 17 16/20 = 80%
70-79 10 10/12 = 83%

180-89 8 6/8= 75%

Sex M 34 32/37 = 86%eF 10 8/12 = 67%

Heart weight f>500 17 16/19 = 84%
(g) l 6500 27 24/30 = 80%

Diabetes mellitus
Treated* 7 5/8 = 63%
Untreated 37 35/41 = 85%

All patients 44 40/49 = 82%

Two recent thrombi localised in old recanalised occlusions are
excluded.
*Patients who, according to the case records, were treated with diet,
tablets, or insulin.

occurred with pre-existing stenoses of less than 75%
(1 of 39 cases (3%)).

Excluding two cases of rethrombosed old recanal-
ised occlusions, an underlying ruptured atheromatous
plaque was identified in 40 of 49 (82%) recently
thrombosed coronary artery segments, and there was
no correlation with age, sex, heart weight, or diabetes
mellitus (Table 2).
The ruptured fibrous cap was always very thin and

usually heavily infiltrated with foam cells. In 16 of the
40 thrombi (40%) precipitated by plaque rupture,
fragments of the disrupted plaque were found inti-
mately mixed with and often deeply buried in the
centre of the thrombus (Fig. 3 and 4).
At the site of rupture aggregated platelets could be

identified readily by their characteristic morphology
in all thrombi less than a few days old; later on the
platelets were condensed into a homogeneous
eosinophilic mass. In the 11 cases where an underly-
ing plaque rupture was not identified, minor intimal
irregularities or breaks were usually seen. The pre-

Falk
existing stenosis at the site of thrombosis was greater
than 95% in the majority of these cases (Table 3).
Discussion

Pathologists have been aware for many years that the
thin fibrous "cap" separating the fatty material of an
atheromatous plaque from the lument of an artery
may rupture.' 25 When this happens, the following
events may occur separately, simultaneously, or suc-

cessively: (1) haemorrhage into the plaque22 23; (2)
discharge into the lumen of atheromatous material
causing local vascular obstruction or peripheral
embolisation13 25; (3) mural thrombosis14; (4) occlu-
sive thrombosis.' 6-12

Intimal haemorrhage alone usually causes no

appreciable acute deterioration of the luminal narrow-

ing and is, therefore, probably clinically silent. No
instance of so-called occluding intimal haematoma5
was seen in this study. Mural thrombosis and
peripheral embolisation may cause symptoms such as
unstable angina while occlusive thrombosis is always a
life-threatening event and is the main cause of acute
myocardial infarction.26 27
The exact connection between plaque rupture,

chronic atherosclerotic stenoses, intimal haemor-
rhage, and luminal thrombosis has not previously
been reported. This investigation shows that the fate
of a plaque rupture depends on the degree of pre-
existing luminal narrowing. If the stenosis is less than
75% the rupture will cause intimal haemorrhage with-
out significant luminal thrombosis, but with stenoses
in excess of 75% occlusive thrombus formation occurs
with increasing frequency. Thus, rupture of a plaque
causing 90 to 95% stenosis usually results in occlusive
thrombus formation, and rupture of one which had
caused more than 95% stenosis seems always to do so.
As angiographic assessment of luminal narrowing
compared with histological determination always
underrates the severity of stenosis, though to a vari-
able degree (because of different areas of reference
used by clinicians and pathologists24), it can be
deduced that angiographically assessed lesions with
greater than 90% luminal area reduction nearly always
thrombose if the stenotic plaque ruptures.

Table 3 Degree ofpre-existing atherosclerotic stenosis at site ofocclusive thrombosis and presence or absence of underlying plaque
rupture

Histological stenosis (%)

70-74 75-79 80-84 85-89 90-94 95-99 Total

Plaque rupture
Absent 1 1 3 6 11
Present 1 2 2 8 15 12 40
Total 1 3 2 9 18 18 51

Four fatal mural thrombi of the left main stem are included: two without (pre-existing stenosis of 78 and 97%, respectively) and two with an
underlying plaque rupture (pre-existing stenosis of 78 and 86%, respectively).
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Step-sectioning of coronary thrombi always or
nearly always shows an underlying acute vascular
lesion, most often a ruptured atheromatous pla-
que.6-A2 The frequent finding of plaque contents
widely dispersed deeply in the thrombus7 8 25 clearly
indicates that plaque rupture has preceded and not
resulted from thrombus formation. A second point of
evidence of the primary role of plaque rupture in the
thrombogenesis is the nature of the thrombus at the
site of rupture; it consists almost entirely of aggre-
gated platelets.6 8 12
The platelet response in the vascular lumen is thus

secondary to local stimuli from the vascular wall, and
the degree of stenosis (local flow disturbances) is deci-
sive for whether the platelet nidus at the site of rup-
ture remains mural and limited or evolves into an
occlusive thrombus. No doubt platelets are crucial for
arterial thrombus formation, but in the majority of
cases there is no need to suggest intrinsic abnor-
malities of platelet function16 17 or some precipitating
thrombotic/hypercoagulable state'8 19 to explain the
sequence of events leading to the final thrombotic
occlusion of an atherosclerotic coronary artery. In the
few cases, however, where no precipitating plaque
rupture is identified it is possible that a thrombotic
propensity in combination with severe stenosis is
more important.

It has been claimed that plaque rupture is the
underlying fatal coronary event in older rather than
younger persons,25 and it has been proposed that pla-
que rupture could constitute a link between hyperten-
sion and coronary thrombosis.3 Neither of these con-
nections could be confirmed in the present study
where no special correlation was found between fatal
plaque rupture and age, cardiac hypertrophy (hyper-
tension), sex, or diabetes mellitus. Rather, plaque
rupture with severe pre-existing stenosis seems to
constitute a kind of final common pathway in the
atherosclerotic process causing the ultimate occlusion
of the lumen by a thrombus.
The mechanism underlying the sudden rupture of a

soft atheromatous plaque has been disputed. Probably
plaque rupture is an incidental event in the evolution
and growth of the atherosclerotic plaque and happens
when the process of softening has gone so far that just
a thin cap of fibrous tissue separates the fatty "gruel"
from the lumen. This attenuated fibrous cap is often
heavily infiltrated with foam cells,8"1' and probably no
more than the normal bending and twisting of the
arteries which occur during every heart contraction
are needed to tear such a thin and fragile cap. Maybe
even normal haemodymanic stresses induced by the
pulsatile flow and by variations in the blood press-
ure610 or by changes in the vascular tone (spasm?)25 28
are sufficient. Thus, plaque rupture is probably a
random event which in principle can be prevented
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only by arresting the atherosclerotic process in the
vascular wall. Nevertheless, recent experimental29
and clinical30 observations make it likely that the
complicating (and life-threatening) thrombotic
response in the vascular lumen can be suppressed to
some degree by appropriate inhibition of platelet
function.

I thank Dr Preben Johansen, Aalborg Hospital, and
Dr Jens Vilhelm Thorborg and Jens Sand Kristensen,
Randers Hospital, for critical review of the manu-
script.
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