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Since the mtroduetion
of thrombolyric
therapy for acute
myocatdiil
infarction, tbe incidence of coronary artery reocclusion has been intensively studied. Also, the prediction and diagnosis of reocclusion uv angiographic and clinical variables, as well
its invasive and pha-macologic
prevention, have gained much
attention.
By angiograpbii definition, reocclusion requires three angiographic observations: one with au occluded artery, one with a
reperfused artery and a third for the assessment of subsequent
ocdusion
(true reocclusion).
Since the introduction
of early
intravenous reperfustoo therapy, most studies use only two angiograms: one with a patent and one wttb a oonpatent infarct-related
artrry. A search for all poblished reocclusion studies reveakd 61
studies (6,061 patients) with at least two angiograms. The median
tbne iuterval betweec the first angkgram after thromholysis and
tbe second was 16 days (range 0.1 to 363). Reocclusion was
observed in 666 (II%) of 6,061 cases. Interestingly,
the 28 true
reocclusion studies showed an incidence of reocclusion of 16 f
18% (mean + SD), and the 33 studii witb only two angiogmms
10 2 8% (p = 0.04), suggesting tbat proven initial occlusion of the
infar&related
artery is a risk factor for reocclusion after success-

ful thrc abolysis. The other predictors for reocclusion are prohably severity of residual stenosis of the infarct-related
artery after
thmmbolysis and perhaps the flow state after lysis. Reocclusion is
most frequently seen in the early weeks after tbmmbolysis.
The
clinkal course in patients witb reocclusion is more complkated
than in those without this complication. Left ventricular contractile reeovety after tbmmbolysts
is hampered by reocclusion.
Routine invasive strategies have not been pmven effective
against reocciusion. In tbe prevention of reocclusion, both antiplatelet and antithmmbin
strategies have been tested, including
birudin and birulog, but the safety of tbese agents in thmmholysis
is still questionable.
Thus, reocclusion aRer thmmbolysis
is an early pbenomenon
and is more frequent after pmven initial occlusion of the iafarctrelated artery. Reocclusion can be predicted by angiograpby after
tbmmholysis.
E&cause reocclusion is detrimental,
strategies to
prevent it should be developed and carried out after tbrombolytic
therapy for acute myocardial
infarction
as soon as they am
deemed safe.

Besides bleeding, a major drawback of thrombolytic
therapy
for acute my xardial infarction is the increased incidence of
recurrent ischemia. probably a result of coronary artery reocelusion (1). This review deals with the pathologir,
clinical,
anpiographic,
therapeutic
and prognostic
aspects ol coronary
reocclusion
after thromholytic
therapy for acute myocardial
infarction, as well as the- strategies to prevent it.

angiogrdphicahy
proven subsequent occlusion of the infarctrelated vessel. Although
angiography
is still the reference
standard for defining reocclusion,
its snapshot characteristic
makes it almost useless in ciinical practice. Clinical signs of
reperfusion
and reocclusion are better guidelines, hut they lack
sensitivity and specificity. Interestingly,
in patients with chest
pain and ST segment elevation, angiographic
“spontaneous”
reperfusion
is seen m 18% to 20% cf cases (2,3). Since the
introduction
of early intravenous
thrombolysis,
angiography is
mostly performed
after initial treatment.
Loss of coronary
patency between two angiographic
observations
is usually
called reocclusion.
Because of these reasons, single angiographic observations
showing an occluded infarct-related
artery after thrombolysis
can hardly represent
reocclusion,
although sometimes clinicians erroneously
call lack of patency
reocclusion.
The angiographic
classification
of patency is important to
note. Two grading systems have been used: the European
Coopcrativc
Study Group (4) and the Thromboiysis
in Myocardial Infarction
(TIMI)
flow grade classitication
(2). Currently the TIMI ROW grade classification
is most widely used,
and recently it was shown thai insufficient flow, like TIMI flow
grade 2, is clinically almost identical to TIMI flow grade 0 to I

Definition of Reocclusion
The angiographic
definition
of coronary
reocclusion
is
literally that it occurs after I) angiographically
proven initial
occlusion
of the infarct-related
vessel, 2) angiographically
prov’en suhseyuent successful coronary recanaliLation,
and 3)
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(5.6). With this in r.dnd, reocclusion
in the most clinically used
way means the evolution of TIMI flow grade 3 to absent or low
clinical flow states (TIM1 flow grade 0 to 2). The large
combined
outcome and angiographic
Global Utilization
of
Stleptokinase
and t-PA for Occluded
Coronary
Arteries
(GUSTO)
study yielded insight intq the clinical consequences
of the several flow states in reperfusion
therapy for acute
myocardial infarction
(6).

Pathogenesis of Reocclusion
The pathologic and angiographic
observations
with thrombolytic therapy have firmly established the role of thrombosis
in the pathogenesis
of acute myocardial
infarction.
Plaque
rupture probably causes activation of blood platelets and the
coagulation cascade, resulting in total thrombotic
occlusion of
a coronary artery. Depending
on the area at risk, collateral
blood flow and the duration of occlusion, the resulting infarct
will be large or small with little sequelae or with deleterious
consequences
to the patient. Reperfusion
therapy is aimed at
early restoration
of blood flow by dissolving or removing
thrombotic
material at the site of the coronary lesion. Because
the nidus of coro,laty
thrombus
usually is not removed,
rethrombosis
can easily occur. Because thrombosis
and thrombolysis probably represent a subtle balance, reestablishment
of
the thrombotic
state may lead to coronary
rethrombosis.
Remarkably,
plasminogen
activation
with exogenous
compounds has the paradoxic effect of activating both platelets and
thrombin in the acute phase (7-10). Also, incomplete lysis of
thrombus (11) and plaque welling after thrombolysis
(12) may
be stimuli for rethrombosis.
The natural history of residual stenosis after thrombolysis
shows decremental
stenosis severity in the majority of patients,
suggesting ongoing thrombus
resolution
and plaque repair
(13). Platelets cannot only be activated by reexposure
to the
damaged vessel, but also by high shear rates (14). After
thrombolysis
a high grade residual stenosis might activate
platelets by this mechanism. Experimental
studies have shown
that fibrin-rich
thrombus
may be replaced by platelet-rich
thrombus that may be highly resistant to lysis (7). However,
other processes like inflammation
and tissue proliferation
caused by growth factors cannot be excluded, although they
have not been studied i;l the setting of reocclusion.
Reocclusion
is probably a time-dependent
process. However, some vessels show total obstruction
early after thrombolytic therapy and are patent when studied later. Therefore,
it
seems likely that prothrombotic
and antithrombotic
processes
continue long after thrombolytic
therapy vessel wall repair is
finished.

Incidence of Reocclusion
The incidence of rc+zclusion
has
since the introduction
of thrombolytic
cardial infarction. Through EMBASE
studies was done using the key words

been intensively studied
therapy for acute myoa search for reocclusion
reocclusion
and fhrom-
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therapy. Between 1980 and 1994,60 studies with at least
one follow-up
angiogram
after angiographical;y
successful
thrombolytic
therapy have been published.
They included
6,061 patients, of whom 666 ( I1 %) sustained reoceiusion of the
infarct-related
artery. The median time between the first
postthrombolysis
angiogram and the follow-up angiogram was
16 days (range 0.1 to 365). The postthrombolysis
angiogram
showed an “open” infarct-related
artery or “successful”
reperfusion and the follow-up
angiogiam
an “occluded”
artery.
Studies with three angiograms
(one with an occluded artery,
one with a reperfused
artery and a third for the assesment of
reocclusion)
are true reoczlusion studies. The 2E true reocclusion studies (I ,037 patients) show an incidence of reocclusion
of 16 2 10% (mean 2 SD). The 33 studies (5,024 patients)
with only two angiograms
(one with an open artery and a
second for the assessment of reocclusion)
report a reocchtsion
incidence of 10 2 8% (p = 0.04 vs. true reocclusion studies).
This indicates that angiographically
proven initial occlusion of
the infarct-related
artery is a risk factor for ieocclusion.
Two
of the studies with three angiograms have specifically analyzed
the difference
in reocclusion
after angiographically
proven
initial occlusion and angiographically
proven initial patency.
Serruys et al. (15) showed reocclusion
of 2 (6%) of 36 initially
open vessels compared with 19 (21%) of Sl initially occluded
vessels (p < 0.05). For TIMI-I (2), these figures were 2 (5%) of
40 and 19 (21%) of 91 (p < 0.05).
Because of the snapshot characteristic
of the angiographic
approach,
otheer diagnostic
criteria (see later) are eagerly
awaited. In the meantime, reocclusion can onIy he detected by
angiography,
with its important limitations,
such as cost and
safety. The time window for the diagnosis of reocclusion
is very
important,
The first observation
of patency is usuaIly performed between 60 and 180 min after initiation of thrombolytic
therapy. Follow-up angiography can be performed as early as
24 h after the first angiogram. The Thrombolysis
and Angioplasty in Myiaidial
Infarction (TAMI)
trial, the largest study
reporting
OF in-hospital ieocclusion
comprised
642 patients,
demonstrated
reocclusion
of -9% after successful thrombolytic therapy and 17% reocclusion after initially failed thiombolytic therapy followed by coronary angioplasty (16). Another
reported large study of in-hospital
reocclusion
was GUSTO
trial, which showed a low reocclusion
rate of -6%
(6).
Reocclusion
in the first year after thrombolysis
is more frequent. Probably the large time window between which the
angiograms
are obtained (e.g, the first days of thrombolysis
followed by angiography
at 3 months) forms the explanation
for the high incidence. Reocclusion
diagnosed at 3 months
might be as high as 18% to 32% (17-19).
Data on vessel
patency I year after thrombolytic
therapy revealed about the
same incidence (20).
To study reocclusion over time, the incidence of ieocclusion
and the time of the second angiogram are plotted in Figure 1.
Because reocclusion
occurs in a minority of patients treated
with thrombolysis,
only the larger studies were taken into
account. A cutoff point of 75 patients was chosen. Table 1
summarizes
the 20 studits fulfilling these criteria (2,5,16,18,
bdytk

76g

VERHEL’GT ET AL.
CORONARY REOCCLUStON

JACC Vol. 27. No. 4
March IS, IW:76&73

Recurrence
of chest pain and ST segment elevation and
reinfarction
are probably indicators of reocclusion.
Also, continuous l2-lead ST segment monitoring
might be a more
sensitive indicator of reocclusion
after coronary thrombolysis
(37). Other diagnostic tools like thallium-201
or technetium
sestamihi have not been tested in the diagnosis of reocclusion.

Prediction of Reocclusion
Pttre 1. Incidence of reocclusion after thmmbolpis in the published
studies with >75 patients. The x axis represents the time between the
initiation of thrombolytic therapy and the time of follow-up angiograpb

20-33). Figure I clearly shows that rcocclusion
is most frequent in the first week after thrombolysis
and its incidence
levels off in the ensuing months. The incidence of reocclusion
after thromboiytic
therapy increases with the time window of
observation.
The snapshot approach is probably the cause of
this phenomenon.
In contrast, it is quite possible that vessels
may reocclude intermittently,
which is not diagnosed by the
follow-up angiogram.
About 25% of patients treated with thrombolytic
therapy
for acute myocardial
irfarction
fail to achieve reperfusion,
leaving only 75%’ of successfully treated patients. It is clear
from the GUSTO trial that early complete vessel patency with
TIM1 flow grade 3 is only observed in -50% of patients
undergoing thrombolytic
therapy. Approximately
30% of patients will experience reocclusion
in the subsequent months,
leaving much less than 50% of patients with successful sustained full repcrfusion.
Thus, only a minority of patients will
have full sustained benefit from thrombolytic
therapy.
A 21% incidence of reocclusion
after primary angioplasty
for acute mytrardial
infarction was reported recently in the
Primary Angioplasty
Myoca:dial
Infarction
(PAMI)
trial involving a limited number of patients: 33 of 154 patients had
TIMI flow grade 0 to 2 six months after successful qrimary
angioplasty (34). The incidence of restenosis was reported to
be --25X
at 3 months (35) and 45%’ at 6 months (34).
Reocclusion data on thrombolysis
in the randomized
trials of
primary angioplasty versus thromboiysis
are lacking.

After thrombolysis,
smoking and the eontimmion
of smoking have been identified as the only independent
predietoa of
reinfarctiun
(38), not of reocclusion,
and because reinfarction
is only a part of the spectrum
of reoeclusion,
no cleareut
clinical variables can be identified as risk determinants
for
reocclusion.
Angiographic
predictors
of reocclusion
may include flow
status, stenosis severity and morphology
of the culprit lesion.
Studies specifically aimeti at identifying the incidence of reocelusion, not recurrent
&hernia
(39) are the TAM1 (16),
TIMI(33), Aspirin Versus Coumadin
Trial (APRICOT)
(40) and GUSTO (41) studi&s and the study by White et al.
(20). A poor flow state (TIM1 flow grade 0 or 1) of the
infarct-related
artety at 90 min after thrombolysis
initiation
was a significant predictor
of subsequent
reocclusi~sn in the
TAM1 trials and the TIMIstudy. However, this finding could
not be confirmed
in the GUSTO angiographtc
study (41). In
the APRICOT
study, reoeehrsion was the primary end point in
284 patients, and only patients with TIM1 flow grade 3 were
included. All patients with TIM1 flow grade 2 or less were
regarded as showing reocelusion on the second angiogram. It
was clearly shown that stenosis severity is an independent
risk
factor (odds ratio 2.3) for the occurrence
of reoeclusion.
Interestingly,
a smooth morphology
of the culprit lesion is also
associated with reocclusion.
Also, in the trial by White et al.
(20) and the TIM14
study (33), residual stenosis severity
proved to be a predictor
of reoeelusion
in the year after
successful thrombolysis.
As stated previously, angiographically
proven initial occlusion of the infarct-related
artery seems to be a risk factor for
subsequent
reocclusion.
Thus, the risk of reocclusion
can
probably be predicted by early angiographic
observation
both
before and after thrombolytic
therapy.

Noninvasive Indicators of Reocciusion
Clinical variables have been intensely tested in the prediction and diagnosis oi coronary reperfusion.
In the absence of
angiography, successful reperfusion is as difficult to diagnose as
subsequent reocclusion.
Relief of chest pain, disappearance
of
ST segment elevation and the occurrence
of accelerated
idioventricular
rhythm are all indicators,
but no proof of
successful reperfusion.
When, they are combined,
they are
more indicative of reperfusion,
and when none oi them are
present, persistent
occlusion is likely. The introduction
of
continuous
It-lead ST segment monitoring
has made the
noninvasive diagnosis of fdilcd reperfusion
much more sensitive than the other clinical variables (36).

Consequences of Reocclusion
The presence of both an initially open artery and salvaged
myocardiun,
may determine
the clinical manifestations
of
reocclusion.
Reocclusion
may be associated with recurrent
angina, reinfarction,
pump failure and death. It may also occur
without symptoms.
Symptomless
reoeclusion
may be assoeiated with the presence of collateral channels protecting
the
salvaged myocardium
against renewed damage at the time of
rcocclusion.
In contrast, symptomless
reocclusion
may also
indicate a lack of it&tally salvaged myocardium.
This question
has not yet been answered, and no conclusive studies evaluating the presence of myocardial viability and consequences
of
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Table 1. Reocclttsion
First Author or 5 udy
Name (ref no.,

Rates After Successful Thrombolysi*
No. of Pts’

Angiogram

sertuys
(15)

91

1st
2nd

Timmis (21)

95

TfM1-1 (2)
TAMI-I

91

(22)

197

Uebis-I (23)

lo6

Uebis-2 (23)

76

Anderson ct al. (24)

17

PRIMI (3lJ)

213

Ohman (16)

419

1AMI I-S (26)

607

TEAM.2 (25)

l9u

ARMS (28)

102

TAMI-

(27)

157

TAPS-1 (29)

339

TAPS-2 (29)

339

HART (31)

98

APRICOT (18)

24x

GUSTO (6)

x36

TIMI-5 (32)

183

White (201

154

TIMI-

278

(33)

1st

2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st

2nd
ISI
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd

769

(summary of trials with at least 75 patients)

Angfographic
Time Window

Thrombofyric
Agent

Average Rcoeclusion
rw

Awe. serial
2-m wk
Acute, serial
IO-24 d
Acute, serial
5-2Sd
90 min
7-10 d
Acute, serial
Id
Acute. serial
hmo
W min
<24 h
45-75 min
24-36 h
W min
7d
90 min
7-10 d
%2&l min

IC (+W) SK

21

IC SK

14

SK, IPA

19

tPA

12

IC SK

6

IC SK

25

IC SK. APSAC
pro-UK
IV UK, tPA.
IV UKttPA
IV UK, IPA.
IV UK+tPA
SK. APSAC

2

APSAC

4

IV UK, tPA

7

APSAC, tPA

6

Id

90 min
24 h
90 min
5-10 d
90 min
24-48 h
‘x) min
14-21 d
7-24 h
7d
~48 h
3 mo
90 min
5-7 d
90 mitt
16-36 h
4wk
IF
90 min
18-34 h

APSAC. IPA
tPA
SK, APSAC

II

9
29

SK, tPA,
SK+tPA
IPA

h

SK. tPA

25

APSAC, tPA

4

5

‘With qiographically
succ~~ful thrombolysis and with one or more follow-up an&rams. APRICOT =
Antith.ombotis in the Prevention of Reocclusion in Coronary Thrombolysis; APSAC = aniqlated plasminogen
streptokinase activator mmpler; ARMS = APSAC Reocclasion Multicenter Srudy; d = day; GUSTO = Global
Utilization of Streptokinase and tPA for Occluded Coronary Arteries HART = Heparin-hpirin Reperfusion Trial; IC
= intracoronmy; IV = intravenous; PRIM1 = Pro-Urokinaw in My-dial
Infarction; pro-UK = pm-umtinaae: Pts =
patient;; ref = reference; SK = streptokinase; TAM1 = Thmmbolysis and Angioplasty in My-dial
Infarction: TAPS
= t-PA APSAC Patency Study; TEAM = Trial of Eminase Versus Alteplase in Myocardial Infarction; TIMI =
Thrombolysis in Myocardial Infarction; tPA = t&rue-&x plasminogen activator; UK = umkinasz.

collateral channels after reocclusion
are available. Some large
studies showed that reocclusion
precludes
left ventricular
contractile
recovery
(16,20,42),
especially
in the infarcted
region of the left ventricle. This occurs also in the absence of
clinical reinfarction
(41). Reocclusion
in the anterior region of
the left ventricle has the worst consequences
for global left

ventricular
function (42). Apparently,
reocclusion
is deleterious for long-term
left ventricular
function
and indirectly
indicates that myocardial viability exists after successti~l thrombolysis.
Recurrent anginn is a poor indicator of reocclusion. Angina
is a symptom notoriously
difficult to interpret.
Reinfarction
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Table 2. Randomized, Controlled Trials With Two Angiograms for Prevention of Kcocclubicm With flcpurin Aflrr Successful
Thromholysis
------.-RetzcluGuo With Control
Nu of
Rc&u$iun With H~DX~II

Coronary

AI’RKOT (IN)
HART (31)

-

155
98

3 mu

23 II (median)
111h (mean)

24/x1 (WC)’
7/60(12%)t

7d

P

24!74(326)t
x38 (5%)$

NS
NS

‘Patients were not receiving aspirin; warfarin WZBstarted with heparin: heparin was discontinued when thromboplastin lime was therapeutic. tPatient! were not
receiving aspirin. SPaGents‘vere receiving aspirin, Jo mgiday. Abbreviations as in Table 1.
evaluated and seem to be partially effective. However,
in
analyzing the data, one should clearly discrimindte
between
early coronary patency and proven coronary reocclusion.
For
the diagnosis of early patency, one needs only one angiogram.
For the diagnosis of reocclusion,
one needs at least two
angiograms: one with a patent and one with a subsequently
occluded coronary lesion.
Heparin
has been extensively
tested after thrombolysis,
especially with t-PA. Coronary
patency evaluated in the first
hours or days after thrombolytic
therapy with t-PA is better
with than that without intravenous
heparin (31,49,X)). These
data do not necessarily
prove that heparin, when used in
conjunction with t-PA, actually prevents reocclusion.
Randomized, controlled
studies on the effect of intravenous
heparin in
the prevention
of reocclusion
after angiographically
proven
successful coronary thrombolysis
are scarce and have a negative outcome
(Table 2). Intravenous
heparin followed by
warfarin
sodium (Coumadin)
does not prevent
long-term
reocclusion
either (18). Heparin infusion after t-PA for acute
myocardial infarction is probably necessary during a short time
and can be discontinued
24 h after thrombolytic
therapy (51).
Heparin
therapy is notoriously
difficult to monitor,
which
might bc the reasor. for its apparent ineffectiveness
in preventing reocclusion.
Partial activated thromboplastin
time is the
usual measure for heparin anticoaguLtion.
There is a correlation between adequacy of heparinization
and coronary patency
(49X but its relation to reocclusion
after successful thrombolysis has not heen systematically
studied. Close monitoring
of
heparin therapy after throrabolysis
is mandatory not only for
patency and possibly reocclusion but also for the prevention of
bleeding. Partial activated thromboplastin
time values >90 s
after thrombrlysis
are correlated with an unacceptable
risk of
cerrbral bleeding (52,53). Hirudin and hirulog, highly specific
antithrombin
agents, stem to bc more effective than heparin in
the prevcnlion
of reocclusion after t-PA (32) or streptokinase
(SJ) (Table 3). However, patient numbers in these trials are
small, and although more simple than with heparin, hirudin

early after thrombolytic
therapy is probably due to reocclusion
because its incidence is twice as high as that for with control
treatment (3,43&I). Depending on the definition, the reinfarction rate can bc as high as 13% (45). To our knowledge, 3 hard
correlation
between reocclusion
and reinfarction
ha never
been made. This correlation is scarcely possible because in the
search for rcocclusion,
one IS forced to use the snapshot
approach. It is likely that reinfarction
is the result of recrclusion. Because reocclusion impedes recovery of left ventricular
function, it is understandable
that mortality is higher with than
without reocclusion (16). In the thromboiysis-only
arms of the
TAM1 studies 5 (12.8%) of 39 patients with reocclusion
died
versus 15 (4%) of 380 patients without rcocclusion
(p < 0.02).

Prevention of Reocclusion
Strategies IO prevent rcocclusion may be invasive or noninvasive. Invasive strategies consisting
of early angiography
followed by angioplasty
have been tested extensively
in the
prevention of reocclusion after successful coronary thrombolysis (46). The largest study, carried out in the United States,
prospectively
analyzed a routine invasive versus a routine
conservative strategy after thrombolysis
with tissue-type plasminogen activator (t-PA) (47). It was clearly shown that a
routine invasive strategy does not prevent recurrent ischemia,
reinfarction
or death, nor does it preserve residual left ventricular function after thrombolytic
therapy for acute myoccardidi
infarction. Also, the long-term efficacy of this ;tratcgy has not
been proven. Apparently,
manipulation
by it*lgioplasty of a
postthrombolytic
coronary lesion. which contains or has contained thrombotic
material, exposes the patient to untoward
effects .Jf angioplaqty. like total occlusion or vessel dissection.
Another
invasive strateg;’ to prevent reocclusion
is aortic
balloon counterpulsation
immediately
after thrombolysis.
In
one large trial (48), this proved to be effective, but th:sc results
should be confirmed in another study.
Noninvasive methods to prevent reocclusion have also been

Table 3. Randomized. Heparin-Controlled Trial With Two Angiogranis fur fkvention of Rc()cctusi(ln With
SuccrQ!
!;lronary Thromholysis
--_~--.------ll-------lI-Irl Aulhor 01 SuJy
No uf
Rc~#cluGon With Agent
Name (WI no.,
P&
I!qr.t
Iu Angi<*gram
2nd Ar@gram
Ino. (a) of pn]
_I---_--.
- _._.. --.-__
_____
TIMI-! (3:)
lb5
HiruGin
‘XI min
lb-3b h
l/l05 (1%)
----

Lidon (54)

Ahhreviaricms aa in ‘T&e I.

45

I iilul<%g

YOmin

5d

01.30(0%)

Hirudin

or [jirulog

After

-___-_-_
Reocclusion With Hepdrin
Ino. j 1”) 01.ptsl
___~
4/f&(7!;)
l/15(7%)

P

Value
0.05
NS

-
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TaMe 4. Randomized. Controlled
Coronary Thrombolyris

Trials With Two Angkgrams

771

for Prevention of Reocclusion With Aspirin After Suce&ut

1st Author or Study Name
(ret no.)

No. of
Pt!.

1st Angiugram

2nd An&gram

Reocclusion With kplrin
[no. (96) of pu]

R~~~~cclusionWith C&o1
[no. (%) of puj

APRICOT (IX)
White (2U)
HART (31)

I67
154
98

23 h (median)
4wk
18 h (mean)

3mo
t Yr
7d

u/93 (25%)
W!J (23%)
208 (5%)

24174(32%)
2Oi75(27%)
7/60 (12%N

“ah
NS
NS
NS

‘Comhinrd with diwridsmole. ZOOme twice a dav. tPatients w^re r%ivine intravenous heparin with a partial activated thromhoplastin time between 1 5 and 20 S.
Abbreviations as in Take 1.

also needs close monitoring,
because it is associated with more
cerebral bleedings than heparin (52,53,55).
The role of antiplatelet therapy after thrombolytic
therapy
in the prevention
of reinfarction
has been firmly established
(43). However, the mechanism by which this benefit is achieved
is not clear (56). Many believe that antiplatelet
therapy
prevents reocclusion
after thrombolysis,
but this has never
been proved. Patency after thrombolysis
is better with aspirin
than without it (57) but this does not prove aspirin prevents
reocclusion.
Placebo-controlled
studies with aspirin in successfully thrombolyzed
patients with follow-up
angiograms
are
scarce. They show that aspirin only tends to prevent reocclusion (18,20,57) (Table 4).
Because the reocclusion
trials with heparin and aspirin are
few in number and small in size, large-scale
angiographic
studies are necessary to identify the role of these agents in the
prevention of reocclusion.
However, placebo-controlled
studies cannot be carried out any more because the place of these
drugs in the standard
thrombolytic
strategies
for optimal
patency and reduction of reinfarction
has been Armly estab
lished.
Primary angioplasty without the use of thrombolysis
might
eliminate factors in the culprit lesion leading to reocclusion.
However,
as stated before, the reocclusion
rate after this
therapy has been reported in only a limited number of patients
and does not seem to differ from reocrlusion
after thrombolysis, although more data from randomized
trials are necessary.
Currently
several antiplatelet
and antithrombin
strategies
after thrombolytic
therapy are being clinically tested.

Treatment of Reocclusion
As stated previously,
coronary occlusion is detrimental
to
left ventricular
contractile
recovery, even in the absence of
clinical reinfarction.
Many believe that once reocclusion
is
diagnosed. thrombolytic
therapy for acute myocardial
infarction has failed. Interestingly,
-50% of reocctusions
are no1
accompanied
by clinical recurrent infarction or recurrent ischemia (16) and thus are silent. &perfusion
therapy with
angioplasty even weeks after myocardial
infarction seems to be
beneficial in selected patients in terms of left ventricular
functional recovery (58). Therefore,
it seems that myocardial
viability exists even after the occurrence
of reocclusion.
If
silent reocclusion
leaves myocardial
tissue viable, it could be

treated. If it occurs early, rethrombolysis
is an option, although
revascularization
seems to be a more definite solution.
The optimal time for angiography
after thrombotytic
therapv for acute myocardial
infarction
is probably several daya
before hospital discharge. The patency of the infarct-related
vessel can be used for risk stratification
for either reocclusion
or further left ventricular
functional
recovery. Culprit lesion
severity tends to diminish over time (13) and a not severely
stenosed infarct-related
artery will not reocelude easily (40).
When the infarct-related
vessel is open but severely stenoaed,
revascularixation
seems to be indicated, because these vessels
tend to reocclude
(13,20). If the infarct-related
vessel is
occluded, angioplasty can be carried out to allow left ventricular contractile
recovery (58). Patients with minimal infarction
in relation to estimated risk area and those in whom viable
myocardium
can be shown to be present with nuclear techniques (5960) or dobutamine
stress echocardiography
(61,62)
might benefit from this procedure.
Angioplasty of the infaretrelated artery a few days before hospital discharge is feasible
because the vascular occlusion trust be very recent, and is
probably also safer than angioplasty e lrly after thrombolysis.
However,
a strategy of predischarge
angiography
with subsequent revascularisation
of severely stenosed or occluded
infarct-related
arteries supplying viable myocardium
has not
been tested yet in a large randomized trial. For this purpose at
least 308 patients should be randomized to show, with a power
of 80%, a statistically significant 50% reduction of an expected
25% reocclusion
of very tightly stenosed or occluded infarct
vessels that are dilated at hospital discharge. As yet, invasive
strategies in the prevention and treatment of reoczlusion after
thrombolysis
cannot be recommended
for routine clinical
practice.

Conclusions
Reocclusion
after thrombolytic
therapy for acute myocardial infarction
remains a major problem in everyday cardiology. It is probably thrombotic
in origin and its incidence varies
strongly at the time of diagnosis: from 5% to 30%. The highest
incidence is seen’ after proven initial occlusion of the infarctrelated artery. Tht incidence
is -5% to 10% during the
hospital stay for the index infarction and levels off to -30% in
the first year. Reocclusion
interferes
with left ventricular
contractile recovery and also seems to be associated with high
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morbidity and mortality. It might be predicted by early angiog
raphy, but so far invasive strategies have f&led to prevent it.
Whether recxclusion can be prevented by the use of antithrombotic agents is still unclear. Both heparin and aspirin are
associated with better patency, but randomized,
controlled
trials with these agents in the prevention
of angiographically
oroven reocclusion
are small and inconclusive.
More antithrombotic
and antiplatekt
drugs need to be tested in the
prevention of reocclusion.
Because reocclusion is often silent. it is possible that viable
mvocardium
remain? even after reocclusion.
Therefore,
invasi& !reatmcnt of coronary rcocclusion
may he an option in the
furtht.r improvement
o! thrombolytic
therapy, but this should
be tested lint in a randomized
trial. Etoth the prevention and
treatment of retxxlusion
after thrombolytic
thkrapy are main
fields of future clinical research.

References
I. Schaer DH. Rw\ ,2M. Wawrm.m AG Rcinfarrrinn. recurrent angma, and
rewclusiim after thromh~lyl~c t?+erap). Circwanm lYX7;76 Suppl IfrlI-5762.
2. Chesehro JH, Knatlerud G, Roberts R, ef al. Thromhllysis in myocardial
infarction (TIMI) trial, phase 1: a companwn between iclravenous liwe
pl,tamwgea ~ttvator and intravcnou~ wptukinroe. Circulation 198776:
142-54.
3. Simwnr ML, Serruyr PW, Van den Brand M. et al. tarly thromho)vsiq in
acute myocardial infarction- limitation of infarct zizc and improved survival.
J Am Coil Cardiol 1986?717-28.
4. Simmns ML, Arnold AER B&v A et al. Thromtwly~ir with lisw
plasminogen activator m acute my<crrdial mixction: no addrhowl benefit
lrom ~mmedurc percutaneous corona? angi@acly. Lance1 I’XiX,I 107-202.
5. Karagounis L. Sorenwn SG< Mcnlove RL. Morenu F, Anderson JL. Does
thromholysis in myN”rdial inlhrction (TIMI) petit&on grade 2 reprecent a
mostly patent aneq or ‘! mtrtly occluded artery? Enz)malic and electrocardiographic evidence from the TEAM-2 study. J Am Coil Cardml 1992;1’9:
I-10.

7. Caller HS. PI&let\ snd thrombolyt~c therapy N Engl J Mcd l990:322:3312.
8. Fil+!crsld DJ. t’atell~ F. P 3 L. Fitzgerald GA. Muked platelet activation
in viva after intravenous sueptokinaw in patients wth acute myocardial
infarction. Circulation 19%77:142-5lJ.
9. Aronson DL Chang P, Kesdcr CM. Platelet-dependent thromhin generation after in vitro tihrinolytic treatment. Circulation 1992;85:1706-12.
1U. Rapold HJ, Kuemmerli H. Weiss M. Baur H. Haeherli A. Monitoring of
fihrin generation during thromhol~zrc therapy of acute myocardml inlarction
with recombinant tiswe-type pluninogen actiwtor. Circulation ll)X9;70
W!l- I).
Il. G.lxh AK. Spun JP. Shciv S. TVal. Fxtw mlluencmg rwcclwion after
coronary lhfombuly\i\ for acute mywardial infarction. Am J Cardiol IYR6;
57:175-7.
12. lnouc K. Ochui H. Kuwakl K. Tbc mechanism 01 rtwclu&x~ after wutrful coronary thwmholysi\ a!, validated hy fw-ut;wcou~ angiwxopy (ahWWIJ. J Am Coil Cardol I9YJ:23 17A.
13. Vctn G, Mcqer A, Wcrter CJPJ, Dc Swrt II, Verhcugt FWA. Dynum~c
hanger dctdprit lesion morphololtt and severity alter \ucce\shrl thromhol.
yw for :~culc mywardial infarction: an angiogr~~phwfollowup study [ah,tractl. J Am Coil CarJtol 1~23:147A.
14. O’Brien JR. Shcwinduced plalelet aggregation. Lance1 lwO,335:711-3.
15. Sermys PW. SIrnoons ML, Suryapranata H, et al. Preservation of global and
regional left ventricular function after early lhromholysis in acute myocardial
infardion, J Am Coil Cardiol 198&7:729-42,

JACC Vol. 27. No. 4
M;uch IS. lwh:76&73

16. Ohman EM. Calill RM. Topol EJ, et al Consequences of reocclusion after
tucceuful reperfusion therapy in acute myocardial infarction. Circulalion
1YYl)11;82:7H14.
17. l‘;lkrn5 BH. Brhgemann J, h4eer J van dcr. Hciter Pden. Lie Kl. Reocclusion
three months after succccssful thromh>lytic treatment of acute mywardial
infarction with aniwylated plasminogen streptokinase activating complex.
Am J Cardiol 1990;65:1422-4.
18. Meijer 4 Verheugt FWA. Werter CJPJ, Lie KI, Van der Pal JMJ, Van
Eeniee h4J. Aspirin versus Coumadin in the prevention of reoalus~on and
rec&ent ischemia after successhd thmmbolysis.: a prmpeclive placebocontmlled aogiographic study: results of the APRICOT study. Circulation
1993$7:1524-M.
19. hiedina A, Morales E. Hemandez E, et al. Angiographic evolution of
coronaty stenosis after lhrombolytic therapy [abstract]. Eer Heart J 1993;14
Suppl:355.
20. White HD, breach JK Hamer AW, et al. Frequent reocclusion of patent
infarct-related arteries between four weeks and one year: effect< of antiplatelet theraav. J Am Coil Cardiol 19953?5:218-23.
21. Timmib CC’, Mammen EF. Ramo~ RG. et al. Hemorrhage vs. rethromhosis
after thrombolysi\ for acute myocardial infarction. Arch Intern Med 19p6;
l.w#il-72.
22. To@ El. C&l RM, George BS. et al. A randomized trial of immediate
versus delayed elective angioplasty after intravenous tissue plasminogen
activator in aculL’ myocardlal infarction. N Engl J Med 1987;317:581-8.
23. Uehls R, Dow R, Reynen K. Effert S. Reokklusion nach erfolgreichcr
thrombolytischer Therapie hfim akuten Myokardinfartt. Klin Wochenschr
I1)XX;66Suppl XII:Il5-x
24, Anderson JL. Rolhhard RI, Ha&worthy RA. et al. Trial of intravenous
anisoylated plasmioogen streplokinase activator complex (APSAC) in acute
myocardial infarction: controlled comparison with intrawronary strcptokin&w. J Am Coil Cardiol 1988,11:115~63.
25. Anderson JL, Soremen SG, Moreno FL, et al. Multicenter patency trial of
intravenous anistreplase compared with slreptokinase in acute myocardial
infarction. Circulation 1991;83:126-40.
26 Abbottsmith CW, Top01 EJ, George BS, et al. Fate of patients with acute
mywwdial inf&clion with patency of the infarct-related vessel achieved with
successful thromholysis versw rescue angioplasty. J Am Coil Cardiol 1990;
16:770-R.
27. Wall TC, Calilf RM, George BS, et dl. Accelerated plasminogen activetof
dw regimens for coronary thrombolpis. J Am Coil Cardiol lW2;19:492-Y.
2X. Relit-van Wely L. Visser RF, Van der Pol JMJ, et al. Angiographically
amssed coronary arterial patency in patients with acute myocardial infairtion treated wirdanistrepl&:
re&ltsnf the anistreplase reocclusion mullicenter study (ARMS). Am J Cardiol 1991;68:2%-300.
29. N&au\ KL, Von l&n R, Tehhe U, et al. Improved thrombolysis in acute
mwrardial inhrction with front-loaded administration of akDhse:
results
ofthe rlPA-APSAC patency study (TAPS). J Am Coil Cardiol’l992;19:88591.
30 PRIMI Trial Study Group. Random&d double-blind trial of recombinant
prourokinase against streptokinase in acute myocardial infarction. Lancet
1989;1:863-8.
31. Hsia J, Hamillc:. WP, Kleiman N, Roberts R, Chaitman BR. Ross AM. A
compariwn between hcparin and low-dose aspirin as adjtinctwe therapy with
liwc plasminogen activator for acute mywardial infarction. N Engl J Med
lWI):323:143.3-7.
32. (‘annon CP, McCabe CH, Henry TD, et al. A pilot trial of recombinant
dewllalohirudin compared with heparin in conjunc’ion with tiue plasminogcn activator and aspirin in acute myocardial infarction: resultr of the
Throlr,holytis in Myocardial lntarclion (TIMI) 5 trial. J Am Coil Cardiol
lyc)4;23:99.3-1003.
33. Gibson CM, Cannon CP, Piana RN, et al. An&iographic predictors of
rcocciusion after thrombolyw rcwlts from the Thwmbolytis in Mycnrdial
Infarction (TIMI) 4 trial. J Am Coil Cardwl IM5;?5:SXZJ).
34. Brcdie BR, (irises CL. Ivanhoe R. et al. Sii monlha clinical md angiographic folkw-up after direct angioplasty ior acute myocardial infarction.
Fmal reeultr from tbc primary angioplarly registry. Circulation 19Y4:90:15662.
35. Zijlslra F. De Boer MJ. Hcwmtje JCA, R&Ten S. Reiher JHC, Suryapranata H. A comparison of immediate angioplasiy wrth inlravenour strep
tokinase in acute myocardial infarction. N Engl J Med 1993;3XWO-4.
36. Krwoff MW. Croll MA, Pope JE, et al. Contmuouc 12.lead ST-segment
recovery ansly\is in the TAM1 7 study: performance of a noninvasive tm hod

JAW Vol. 27 No. 4
March IS. 1956:7(16-73

for real-time detectron of faikd myocardial rcpcrfuuion. Circolation 1993;
atl:437-46.
37. Kwon K. Freedman SB, Wilcox I. cl al. The unstable ST segment early after
thrombolysis and its uaftdness as a marker of recurrent coronary occlusion.
Am I Cardiol 1991:67:IO9-15.
38. Rivers JT, White ND, Cross DB, Williams BF, Norris RM. Reinfarction
after thnnbolvtic theraov for acote mvocardial infarction followed bv
conservative mmmgemeni! incidence a& et&t of smoking. J Am Coil
Cardiol 1990:16:340-8.
39. Ellis SG, Topol U, George B.S.et al. Recurrent ischemia without warning.
Analysis of risk factors for in-hospital ischemic events fullowing swcesshd
fhm&olysis with intravenous t&e
plasminogen activator. Circulatiin
198939(1:1159-65.
40. Veen G, Meijer A, Verhcugt RNA. et al. Culprit lesion morphology and
stenosis severity in the tfi .!#I %. of reocchtsion after mronary thromholysir:
angmgraphic rc~ult~ of the APRICOT study. J Am Coil Cardiol lW3;22:
1755-62.
41. Reiner JS. Londergan CF. Van den Rrand M. et al. Early angiography
cannot predict postthromholytic coronary reowlusion: observations from the
GUSID angiographic study. I Am Coil Cardiol 1994;24:1439-44.
42. Mcijer A, Verheugt RNA, Van Eenige MJ, Wrrter CJPJ. Irft vcotricular
function at 3 months after successful thrombobis: impact of rewluaion
without reinfarction on ejection fraction, regional function and remodeling.
Circulation l9W;W: 1706-14.
43. ISIS-2 (Second International Study of Infarct Survival) Collaborative Group.
Randomised trial of intravenous streptokinast, oral aspirin, both, or neither
among 17,187cases of suspected acme myocardial infarction: ISISZ. lancet
i9ak239-60.
44. Grappo ltaliano per lo Studio della Streptochinasi nell’lnfarto Miocardicu
(GISSI). Effectiveness of intravenous thrombolytic therapy in acute myocardial infarction. Lancet 1986.3:397-401.
45. Bang NL’, ‘Nilhelm OG, Clayman MD. After coronary thrombolyis and
reoerfosion.
what next? J Am Coil Cardiol 1989zl43837-49.
r
46. Michels KB, Yosuf S. Does pI%A in acute myowdial infarction affect
mortality and reinfaaion rates? A quantitative over&v (meta-analysis) of
the randomized clinical trials. Circulation 1995;91:476-85.
47. The TIM1 Study Group. Comparison of invasive and conservative strategies
after treatment wth intravenous tissue plasminogrn activator in acute
myocardial infarction: results of the Thrombolpis in Myocardial infarction
(TIMI) pha!.c II trial. N Engl J Med 198y;32u:6lX-27.
48. Ohman EM, George BS, White CJ, et al. USCof aortic counterpul~tion to
improve sostained~coronary artery patency during acz11emyocardial infarction: results of a randomized trial. Circulation I994%:792-9.
49. de Bono D, Simoons ML, Tijsscn J. et al. EtTccl of early intravenow heparin
on coronary patency, infarct sizr, sod bleeding complications after altcplax

VERHEUGT ET AL
CORONARY REOCC!LUSION

173

thrombolpis: results of a randomized doubk blirtd European Cooperative
Study Group trial. Br Heart J 1992;6?122-8.
50. Blcich SD. Nichols T, Schumacher RR, Cooke DH, Tate DA, Teichman SL
EtTed of heparin oa twonary arterial pteney after thrombolysia with tissae
plasminogen activator in acme myorardial infarction. Am J Cardfol 1990,
66:1412-7.
51. Thompson PL, Aylward PE, Federman J. et al. A randomii comparison of
intravenous heparia and dipyrid.amole 24 hours after recombiaant t&w
type plasminogen activator for acme myocardiil infarctioa. Cimdation
1991;83:1534-42.
52. GUSTO-Ha Investigators. Randomixd trial of iatravertow heparin watta
reamtbinant hirudin for acme coronary syndromes. Circolati:m I994$Jfk
1631-7.
53. Antman ER. Iiiradin in acute myocardial infarction. Safety report from the
Thromhohnis and Thrombin Inhibition in Mvocardial Infarction ITIM
9A
trial. C&lation 1994;9lkl624-30.
’
54. Lidon RM, Tht%tu P, L+rance
J, et al. A pilot, early angiographic
pateng study using a direct thrombm inhibitor as adjondb therapy to
streptokinase in acme myocardial infarction. Circalation 1994$%1%7-72
55. Neuhaus KL. Van E%n R Tebbe U, et al. Safety obwvatiortr from the
pilrjt phase of the randomized r~tlirudin for Impn~cment of Thrombolysis
(HIT-III) study. Circulation I994:W:l638-42.
56. Verheugt FWA, Van der Laarse A, Funke Kiipper AJ. St&man LGW,
Galema TW. Roes JP. Ehcts on infarct size, reinfarction and mortality of
early intervention with low-dose (IM) mg) aspirin in ant&x
wall acme
myocardial infarction. Am J Cardiol 19%$6%7-70.
57. Roox S, Christ&r
S, Liidin E. Effects of aspirin on comoary reooelosion
and recurrent ischcmia after thrombolysi\: a meta-arm&i. J Am Call
Cardiol 19!?2@671-7.
58. Sabia PJ. Powers ER, Ragosta M, Sarenbcck U, Barwell LR, Kard S. An
a%ociation between collateral blood tkw and myocardial viability in patients
with recent myocardial infarction. N Eagl 1 Med 19923327:1825-31.
59. Dilsizian V, Bonow RO. Current diagnostic techniques of assessing myocardial viability in patients with hibcmating and shmncd myowdium. Cimdalion 1993;87:1-20.
60. Belier GA. Role of myocardial perfusion imaging in evaluating thrombulylfc
therapy for acute myocardial infarction. J Am Cull Cardiil Iv87:9:GG&
ht. Picrard L, De Landsheerc CM, Ekrthe C. Rigo P, Kolbenus HE. Idemillcation of viahle myocardium by echocardiography during dobutamine infusion in patient\ with myocardml infarction after thrombolytic therapy:
wmparison with pailron emission tomography. J Am Coil Cardiol 199ikl5:
I(I2IJI.
62. Smart SC. Sawasl S, Ryan T. et al. Low-dose dobutamine echocardiography
detects revenible dysfunction after thrombolyric therapy of acute myacardial
infarction. Circol: lion 1993:W:4tlS-15.

