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Importance of thrombosis and thrombolysis in
silent ischaemia: comparison of patients with
acute myocardial infarction- and unstable angina

Enrique Gurfinkel, Rau'l Altman, Alejandra Scazziota, Jorge Rouvier, Branco Mautner

Abstract
Objective-To investigate whether
plaque rupture and thrombosis have a
role in silent ischaemia as well as in
unstable angina.
Design-Prospective analysis of the
results of haemostatic diagnostic tests at
the moment of developing silent
ischaemia at rest.
Setting-Coronary care unit.
Patients-22 patients with acute myo-
cardial infarction, 12 patients with symp-
tomatic angina (unstable angina), and 10
normal volunteers (control group).
Interventions-Continuous cardiac mon-
itoring detected 15 asymptomatic epi-
sodes (silent ischaemia) in 6 patients
with unstable angina. Blood samples
were obtained at admission and when an
asymptomatic alteration was detected
and 10 minutes later.
Main outcome measures-Comparisons
of concentrations of tissue plasminogen
activator, urokinase type plasminogen
activator, tissue plasminogen activator
inhibitor-i, cross-linked fibrin degrada-
tion products, von Willebrand factor,
and thrombin-antithrombin III com-
plexes in patients and controls at
admission; same comparisons in patients
with silent ischaemia at the start of an
episode and 10 minutes later.
Results-Tissue plasminogen activator
concentrations were raised at admission
in patients with acute- myocardial infarc-
tion (mean (SD) 14-2 (6) nglml) and in
patients with unstable angina (101 (2.5)
ng/ml) in comparison with controls (5.1
(2.7) nglml, p < 0 01 and <0 05 respec-
tively). There was no differences between
the two groups of patients, however.
Similar results were observed at the start
of a silent ischaemic episode (9.8 (1.9)
ng/ml) and 10 minutes later (10.5 (2.9)
nglml) compared with controls (p <

0.05). Tissue plasminogen activator
inhibitor-I concentrations were raised in
patients with acute myocardial infarction
(45.1 (15) ng/ml) compared with volun-
teers (20-6 (16) nglml, p < 0.01). In
patients with silent ischaemia tissue
plasminogen activator inhibitor-I con-
centrations were slightly but not signifi-
cantly increased. Concentrations of
cross-linked fibrin degradation products
(D dimer) increased during unstable
angina (2150 (350) ng/ml) and silent
ischaemia (2270 (450) ng/ml) compared

with the concentrations in volunteers
(340 (80) nglml) and patients with acute
myocardial infarction (310 (120) nglml;
p < 0.01).
Conclusions-The results suggest that
thrombosis mediates the pathophysio-
logical mechanisms of silent ischaemia
and unstable angina.

(Br HeartJ 1994;71:151-155)

The hallmark of unstable angina is its un-
predictability. Studies using coronary arterio-
graphy, angioscopy, and serial reconstruction
of the microanatomy all show that thrombosis
at the site of ruptured plaque is important in
the aetiology of unstable angina.' Episodes of
silent ischaemia are more important than
symptomatic ischaemia as contributors to
total myocardial ischaemia burden. Around
70% of the ischaemic episodes in patients
with coronary artery disease are not -associ-
ated with angina,2 but patients with exercise
induced silent ischaemia have a similar preva-
lence of disease affecting the left main coro-
nary artery and three main vessels to that, in
patients with angina but a higher mortality.3

Multivariate analyses showed that the pres-
ence of silent ischaemia in patients after
admission to a coronary care unit was the
best predictor of subsequent acute myocardial
infarction or the need for angioplasty or
bypass surgery.4 The prognostic importance
of silent ischaemia in patients admitted to
hospital with unstable angina prompted us to
study the role of thrombotic and fibrinolytic
process in these patients. Our goal was to
determine whether these processes had a role
in silent ischaemia detectable at rest but not
induced by stress.

Patients and methods
We studied 10 healthy volunteers, 22 patients
with acute myocardial infarction, and 12
patients with unstable angina at rest.

INCLUSION CRITERIA
Patients with unstable angina were included if
they had developed silent ischaemia, were
under 75, had angina classified as functional
class IV, and had no left bundle branch block
or left ventricular hypertrophy with ST seg-
ment changes. Patients were excluded if they
had angina soon after infarction (starting in
the first month after acute myocardial infarc-
tion); if they had had drug treatment for
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unstable angina, including heparin; if contin-
uous ST segment electrocardiographic
recording had not been started within two
hours of admission; if they were receiving
concurrent anticoagulant treatment; if they
had bleeding diathesis; if they had hepatic,
renal, or infectious diseases; if they had
undergone any surgical procedure or trauma
within the previous 30 days; if they had
unstable angina without silent ischaemia; and
if they refused to give their informed consent.
Unstable angina was defined as at least two
episodes of angina at rest before admission.
The episodes could be either of new onset or
part of a history of stable angina.

BASAL CHARACTERISTICS
The mean age of the 22 patients with acute
myocardial infarction was 58-9 years; 16 were
men (73%) and six women (27%). The mean
age of the 12 patients with unstable angina
was 52-5 years; nine were men (75%) and
three women (25%). The mean age of the 10
normal volunteers was 48-3 years; seven were
men (70%) and three women (30%).

Thirteen of the 22 patients with acute
myocardial infarction (59%) were taking
drugs at the time of venepuncture: seven
(32%) were taking ,B blockers, five (23%) cal-
cium antagonists, five (32%) enalapril, and
two (32%) aspirin. Five of the patients with
unstable angina (42%) were taking aspirin,
two (17%) fi blockers, and three (25%) long
term calciums, antagonists. None of the
normal volunteers were given drugs and all of
them were asked to stop taking any drugs
seven days before taking part in the study.

All patients with acute myocardial infarc-
tion and unstable angina received fi blockers
and aspirin (500 mg) after a blood sample
was taken. Nitrates were not given during the
study to patients with unstable angina. Acute
myocardial infarction was excluded by serial
assay of plasma creatine kinase concentra-
tions.

DETECTION OF SILENT ISCHAEMIA
Ischaemic electrocardiographic changes with-
out accompanying symptoms were consid-
ered to be silent events. Recordings were
begun within two hours of admission to the
coronary care unit using a 12 lead electro-
cardiographic continuous monitor (ELI 100,
Physio Control, Mortara Instruments,
Milwaukee). This device has been shown to
have high sensitivity for the detection of
ischaemic alterations in the ST segment.5 The
monitor scanned the 12 lead electrocardio-
gram every 20 seconds, storing the informa-
tion whenever ST segment elevation or
depression of more than 0 5 mV occurred 60
ms after the "J" point in at least two consecu-
tive leads. The alarm mode was programmed
to detect any significant alteration in the ST
segment and immediately recorded a com-
plete 12 lead electrocardiogram.

Blood samples were obtained before any
treatment was started from patients at admis-
sion and at the moment of symptomatic
events. When the alarm signal detected any

shifts in the ST segment greater than 0-5 mV,
the attending cardiologist confirmed the elec-
trocardiogram had changed without the
occurrence of symptoms; a new blood sample
was taken during the episode and 10 minutes
after to confirm the values obtained previ-
ously.

During the same time 22 patients with
acute myocardial infarction (less than six
hours from the onset of symptoms) were
admitted to the study. Blood samples were
obtained before any treatment was started.
Ten normal volunteers also gave blood sam-
ples under basal conditions. Blood was
obtained from the antecubital vein and col-
lected in plastic tubes containing sodium cit-
rate 0 11 mmol/l (1:0 1 vol/vol), placed in ice
and centrifuged within two hours at 1600 g
for 20 minutes in the cold to obtain platelet
poor plasma. Platelet poor plasma was
aliquoted and frozen in plastic tubes at -25°C
until tests were performed. When indicated,
in vitro degradation of fibrin was inhibited by
addition of aprotinin 300 U/ml (Trasylol
FBA Pharmaceuticals, Germany). To deter-
mine tissue plasminogen activator blood was
collected on sodium citrate 0 11 mmolI acid-
ified with citric acid to pH 4 0. Platelets were
counted using a flow cytometer (Cellanalyzer
Ca 460, Medonic, Sweden). Prothrombin
time, activated partial thromboplastin time,
clotting factor VIII activity, and thrombin
time were measured by standard methods.6
Titres of von Willebrand antigen were mea-
sured with Laurell's procedure using rabbit
antiserum antibody (Dakopatts, Glostrup,
Denmark).7 Tissue plasminogen activator
activity was assayed by a chromogenic
method (Spectrolyse reagent, American
Diagnostica, Greenwich, Connecticut); tissue
plasminogen activator concentration by an
enzyme linked immunosorbent assay
(ELISA) (Diagnostica Stago, Ansieres,
France); tissue plasminogen activator
inhibitor-i (PAI-1) concentration with the
Tintelize PAI-I kit (Biopool, Umea,
Sweden); urokinase type plasminogen activa-
tor by an immunoabsorbant technique
(Chromolize u-PA, Biopool, Umea, Sweden);
cross linked fibrin degradation product
(D dimer) concentrations by an ELISA
(Asserachrom D-DI, Diagnostica Stago,
Asnieres, France); complexes of thrombin-
antithrombin III with the Enzygnost-TAT kit
(Behringwerke, Marburg, Germany); and
ristocetin cofactor according to MacFarlane
et al using ristocetin from Lundbeck
(Copenhagen, Denmark).8

STATISTICAL ANALYSIS
Data from patients with unstable angina were
compared with those from normal volunteers
and from patients with acute myocardial
infarction. Patients with acute myocardial
infarction were also compared with normal
volunteers. For unequal variances Cochran's
approximate two tailed test for comparing
three samples was applied. Thrombotic and
fibrinolytic values in patients with unstable
angina were also compared with those in
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Table 1 Concentrations ofhaemostatic factors in normal volunteers and in patients with unstable angina and acute
myocardial infarction. Values are means (SD)

Patients with: p Value
Unstable Myocardial Unstable Myocardial Unstable angina

Nornal volunteers angina infarction angina v infarction v v myocardial
(n = 10) (n = 6) (n = 22) control control infarction

Tissue plasminogen act'wator:
Concentration (ng/ml) 5-1 (2 7) 10 1 (2-5) 14-2 (6.0) 0 05 0 01 NS
Activity (lU/ml) 1-2 (0.4) 1-6 (0 3) 1-6 (0 6) NS NS NS
Inhibitor-l (ng/ml) 20-6 (15) 30-8 (15) 45-1 (15) NS 001 NS

D dimer (ng/ml) 340 (60) 2150 (350) 310 (120) 0 01 0 01 NS
vWag (%) 96 (18) 104 (17) 94 (19) NS NS NS
Ristocetin cofactor (%) 90 (12) 80 (8) 97 (20) NS NS 0 05
u-PA (ng/ml) 0 5 (0 2) 0-4 (0 1) 06 (0.2) NS NS NS
TAT (ng/ml) 3-4 (0-4) 0 5 (0 8) 14 (11) 0 01 0 01 0 01

D dimer = cross linked fibrin degradation products; vWag = von Willebrand factor antigen; u-PA = urokinase type
plasminogen activator; TAT = Thrombin-antithrombin m complexes.

patients with silent ischaemia during an
ischaemic episode and ten minutes later.
Values were analysed by analysis of variance.
The p value was estimated by using a, for
each comparison. For equal variances
Tukey's procedure was used. Results are
expressed as means (SD).

Results
-During a total of 158 hours of continuous
electrocardiographic recording (mean of
13X1 hours/patients), 15 episodes of silent
ischaemic ST segment change were registered
at rest in si-x -patients with unstable- angina
(five men and one woman, mean age 52-5
years). Four had ST segment elevation and
11 had ST segment depression. The time
between admission and the first episode of
silent ischaemia was 377 (135) minutes. The
mean duration of the asymptomatic episodes
was 15 (8) minutes. After the last blood sam-
ple was obtained patients were treated with
intravenous nitrate at medium doses. Despite
this, ST changes recurred on eight occasions.
This suggests that vasospasm was an unlikely
cause of these episodes of silent ischaemia.9
No symptomatic ischaemia occurred during
continuous electrocardiographic monitoring.
The differential blood count, platelet

count, prothrombin time, activated partial
thromboplastin time, clotting factor VIII
activity, and thrombin time were normal on
admission (data not shown). Tissue plas-
minogen activator concentrations were raised
on admission in patients with unstable angina
and during silent ischaemia (table 1) at the

Table 2 Concentrations ofhaemostatic factors in patients
with silent ischaemia. Values are means (SD)

Dunng sient
ischaemia After 10
episode minutes
(n= 6) (n= 6)

Tissue plasminogen activator:
Concentration (ng/ml) 9-8 (1-9) 10-5 (2-9)
Activity (IU/ml) 1-4 (0 4) 1-3 (0-2)
Inhibitor-1 (ng/ml) 29-8 (16) 34-4 (19)

D dimer (ng/ml) 2270 (450) 2150 (370)
vWag (%) 116 (15) 109 (18)
Ristocetin cofactor (%) 79 (13) 73 (10)
u-PA (ng/ml) 0-5 (0-05) 0-5 (0-08)
TAT (ng/ml) 0-51 (0-5) 1-08 (1-2)

D dimer = cross linked fibrin degradation products; vWag =
von Willebrand factor antigen; u-PA = urokinase type
plasminogen activator; TAT = thrombin-antithrombin III
complexes.

start of an asymptomatic episode or 10 min-
utes later than in the controls (p < 0.05).
Tissue plasminogen activator concentrations
were also higher in patients with acute
myocardial infarction (p < 0 01) than in the
controls but the difference between patients
with unstable angina and silent ischaemia was
not statistically significant. Tissue plasmino-
gen activator inhibitor-i concentrations were
higher in the group with acute myocardial
infarction than in the controls (p < 0 01,
table 1). In patients with unstable angina and
during silent ischaemia in the other group tis-
sue plasminogen activator inhibitor-i concen-
trations at the start of an episode and 10
minutes later were slightly increased but were
not significantly higher than in the controls
(table 2). D dimer concentrations, an indica-
tor of fibrin breakdown reflecting clot forma-
tion and lysis, were within normal limits in
the patients with acute myocardial infarction
but were increased in patients during unsta-
ble angina and during episodes of silent
ischaemia (p < 0.01 v controls or acute
myocardial infarction). The concentration of
thrombin-antithrombin Ill complexes was
increased in patients with acute myocardial
infarction (p < 0 01 v control (table 1) but
not in unstable angina or silent ischaemia. No
differences between the episodes of unstable
angina and silent ischaemia were found in
any of the variables measured (table 2).

Discussion
Angiographic and necropsy studies have sug-
gested a direct relation between the formation
of thrombus and rupture of atherosclerotic
plaques in ischaemic events. The causes of
plaque rupture are not known with cer-
tainty.10 After exposure to thrombogenic
stimuli active compounds derived from
platelets and endothelial cells trigger the
blood clotting cascade to form thrombin, and
activate the fibrinolytic pathway through the
release of tissue plasminogen activator and
urokinase type plasminogen activator.
Thrombin will be neutralised by antithrom-
bin III, forming complexes with thrombin,
which can be assayed in plasma as evidence
of activation of the coagulation system.
An increase of specific cross linked fibrin

degradation products (D dimer) in plasma is
direct evidence of the thrombolytic process.
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In this context thrombosis and thrombolysis
seem to be dynamic and simultaneous
processes influencing each other."' Products
derived from the activation of both the clot-
ting -and fibrinolytic mechanisms have been
measured in patients with acute myocardial
infraction and with stable and unstable
angina.'2-'4 We studied the release of tissue
plasminogen activator, urokinase type plas-
minogen activator, tissue plasminogen activa-
tor inhibitor-i, and von Willebrand factor.
Although normal volunteers did not receive
any drugs other variables were comparable
among groups. Total tissue plasminogen acti-
vator (free and bound to tissue plasminogen
activator inhibitor-i) increased threefold in
patients with acute myocardial infarction and
twofold in patients with unstable angina and
silent ischaemia. An increase of the fibri-
nolytic activity was detected in patients with
unstable angina and silent ischaemia as evi-
denced by the increase in D dimer concentra-
tions. The possibility that released tissue
plasminogen activator was neutralised by tis-
sue plasminogen activator inhibitor-i when
the lytic system was already activated should
be considered because the activity of tissue
plasminogen activator remained unchanged
while that of tissue plasminogen activator
inhibitor-i increased in acute myocardial
infarction; this trend was also seen in unsta-
ble angina and silent ischaemia.
The concentration of von Willebrand fac-

tor changed slightly, but its release from
endothelial cells could be prevented by the
ingestion of f, blockers.'5

In contrast to the patients with acute
myocardial infarction patients with unstable
angina had normal concentrations of throm-
bin-antithrombin III complexes and signifi-
cantly raised D dimer concentrations. This
discrepancy is not easy to explain. Several
possibilities arise. Firstly, although acute
myocardial infarction caused incremental
increases in tissue plasminogen activator con-
centration, its activity measured in plasma
was unchanged because it was neutralised
rapidly by tissue plasminogen activator
inhibitor-i, whose concentrations also
increase in acute myocardial infarction.'2-'3
Secondly, the increase in D dimer concentra-
tion during acute myocardial infarction could
be prevented by stasis in the completely
occluded coronary arteries. In unstable
angina or silent ischaemia thrombus is par-
tially occlusive, allowing some degree of flow
through the affected artery. Thirdly, there are
differences in focal vasoconstriction of epicar-
dial arteries after partial or complete intra-
coronary thrombus formation.'6 Finally, there
is a continuous thrombosis-lysis cycle in
unstable angina and silent ischaemia as resid-
ual thrombi contains active thrombin bound
to fibrin, and this is poorly neutralised by
antithrombin III.17 Haskel et al have described
this simultaneous dynamic process of throm-
bosis and thrombolysis.'5 Of interest is the
observation that there is a relatively small, but
highly significant, translesional increase in D
dimer concentration in patients after coro-

nary balloon angioplasty.'9 This provides fur-
ther support for the relation between throm-
bosis and thrombolysis after endothelial
coronary injury. Kruskal et al have also
described an increased concentration of D
dimer in patients with unstable angina.20 The
increase seen in our patients with unstable
angina and silent ischaemia, however, could
have originated outside the coronary arteries
and been induced by bed rest. The D dimer
concentration in patients with episodes of
silent ischaemia were not different from those
in patients with unstable angina, whose blood
was drawn at admission to the intensive care
unit.

Compared with patients with unstable
angina and silent ischaemia, those with acute
myocardial infarction had higher plasma con-
centrations of thrombin-antithrombin III
complexes, confirming the previous report of
Munkvad et al.'9 Thrombin formation
depends on the thrombogenicity of the
injured area. A subocclusive mural thrombus
seems to contain more thrombin adsorbed to
fibrin and is more thrombogenic.'7 Only six of
the 12 patients admitted with unstable angina
developed silent ischaemia, which could be
because the rigid inclusion criteria produced
a small but homogeneous group. Although 12
patients with unstable angina were followed
up, only six had silent ischaemia, and this is a
limit of the study.
Our findings suggest that cycles of throm-

bosis and thrombolysis are important in silent
ischaemia that is not provoked by stress test-
ing (an important limitation in other stud-
ies)2' and is detected immediately-just as
they are in unstable angina at rest.
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