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UNSTABLE ANGINA

Coronary Angiographic Findings Do Not Predict Clinical Outcome in

Patients With Unstable Angina

FRITS W. BAR, MD, PHILLIP RAYNAUD, MD,* JEAN P. RENKIN, MD,; FRANK VERMEER, MD,
CHRIS pe ZWAAN, MD, HEIN J. J. WELLENS, MD, FACC

Maastricht, The Netherlands; Tours, France; and Brussels, Belgium

Objectives. The presence of thrombus farmation and type of
coronary artery lesion were determined in patients with unstable
~0gina and correfated with the angiographic findings and clinical
¢ Acome.

Background. Some previous studies have snggested that throm-
bus formation and lesions are predictive of the anglographic and
clinical findings. This was evaluated in a retrospective analysis of
159 patients participating in the placebo-controlled Unstable
Angina Study Using Eminase (UNASEM) trial on the efiect of
thrombolysis in unstable angina.

Methods. Patients without a previous my dial inf:

coronary arteries or for other reasons. Angiography was repeated
after 12 to 28 h.

Results. Q phy showed a signil de-
crease in diameter stenosis in the anistreplase-treated group
compared with the placebo-treated group (decrease 11% vs. 3%,
p = 0()08) No differences in clinical outcome were found when

was d with placebo (p = 0.98).
Neither the presence nor shsence of thrombus formation (p =
0.98) nor the type of lesion (p = 0.96) was related to the changes
in diameter steaesis or to clinical outcome (p = 0.90 and p = 0.77,

who presented with a typical history of unstable angina in the
preserce of abaormal findings on the clectrocardiogram indica.
tive of ischemia were lncluded in the study. ARter baseline

i hy, study P or placeko) was
given to 126 of 159 patients. Thirty-three patients did not receive
medication because of significant main stem uisease or normal

ively). The power of these analyses to detect a 20% differ-
euce varied between 56% and 74%.

Conclusions. In this selected group of patients with unstable
angina, type of corenary artery lesion and the presuice or absence
of thrombus {ormation dees not predict clinical outcome,

(F Am Coll Cardiol 1994;24:1453-9}

As recently reviewed by Scrutinio et al. (1), the majority of
studies, including the Unstable Angina Study Using Eminase
(UNASZEM) trial (2,3), showed lhat lhe clinical in

incidence of coronary thrombus in unstable angina is high (4-6).
Therefore, the question remains whether subgroups can be

identified tn whom thrombolyti is heneficial. Some

patients with le angina is not i d by thrombalyti

therapy. In the UNASEM trial, 159 patients with typical
unstable angina and typical electrocardiographic (ECG)
changes were included, After baseline coronary angiography,
patients were mndomly treated enther wnh the lhrombolyﬂc
agent ani or ani! strep-
tokinase activator complex [APSACY)) or with placebo. The
st\ldy showed that anistrepl duced a significant d
in the severity of the culprit lesnon cnmpared with placebo.
H clinical was indep of thrombolyti
treatment.

‘This last finding is puzzling because it is well known that the
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(7-9) found a relation between the presence or
absence of thrombus formation and the angiographic or clinical
outcome after thrombolytic therapy. Others (8,10) reported that
the type of iesion might influsnce clinical results. In the present
study, we retrospoctively investigated the possible role of coronary
anatomy and presence of coronary clot formation on clinical
outcome in patients from the UNASEM trial.

Methods

Patients. One hundred fifty-nine patients were enrolled in
the UNASEM trial. The trial was double blind, placeho
controlled and rendomized. The full protoca! hus been pub-
lished elsewhere {2). Paticnts had to fuifill the following
inclusion criteria: 1) 2 typical history of unstable angina
defincd as a) angina at rest or on minimal cxercise; b} angina
of recent onset {<4 weeks); ¢} the last episode of chest pain
within 12 h before admission; and 2) ECG abnormalities
suggestive of ischemia a) in patients with chest pain before but
not after admission, the presence of ST segment depression or
the so-called high left anterior descending coronary artery
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pattern (11), showing terminal negative T waves in the precor-
dial Icads; or b) in patients with chest pain during hospital
admission, temporary ST segment changes {elevation, depres-
sion or pseudonormalization).

The exclusion criteria were age <30 or >70 years; previous
myocardial infarction or previous cardiac surgery or angio-
plasty; nonischemic ST segment changes (as in left ventricular
hypertrophy): contraindications for thrombolytic therapy; or
absence of informed consent.

After inclusion in the study, the patients were randomized
to the trial medication (either anistreplase or plncebo) but
treatment was postponed until after the basenne angmgram

Cardiac catheterization. Baseli
coronary and left ventricular anglography, was performed
within 3 h after inclusion in the study. Angiography was
repeated after 12 to 28 h. To identify the location of the culprit
lesion, the following criteria were used: 1) in case of single-
vessel discase, the most severe lesion in that artery; 2} in case
of multivessel disease, the location of coronary artery abnor-
mality corresponding tn the ECG abnormalities. For example,
development of negative T waves in precordial leads was used
as typical for left anterior descending coronary artery perfusion
problems. If the ECG was inconclusive, the location of left
ventricular wall motion abnormalities (if present) was used to
identify the culprit artery. 3} If use of the first two criteria was
inconclusive, the stenosis showing clear changes between the
baseline and the posttreatment angiogram was taken to be the
culprit lesion,

The criteria of Ambrose (7,12) were used to classify the
type of lesion and the presence of coronary thrombus, Because
of the limited number of paticnts in this study, we classified the
lesions as only two types (Fig. 1): type A (concentric lesion) =
symmetric narrowing with smooth or slightly irregular borders;
and type B or C (complex lesion) = eccentric stenosis with
asymmetric narrowing of the culprit lesion or multiple irregu-
larities,

The culprit lesion was determined during the first angiog-
raphy. If an occluded artery was present, the type of lesion
could not be identificd. If this vessel reopened, the type of
lesion was determined in the second angiography.

If the artery at the baseline angiogram was open, an
intracoronary shrombus was defined as a filling defect located
proximal 1o, within or distal to a culprit stenosis surrounded by
contrast medium on at least three sides and visible in multiple
projections (Fig. 2). Not uncommonly, these filling defects
moved up and down during the cardiac cycle. Occluded
arteries during the first angiogram were presumed to contain
thrombus material (Fig. 3).

Angiographic assessment and classification were performed
in blinded manner by a committee with angiographic expertise.
Van den Brand ct al. (13) stated that quantitative analysis of
coronary arteries in unstable angina is the most sensitive
method of detecting changes in diameter stenosis or other
characteristics oi the lesion. Therefore, quantitative measure-
ments were made using the Cardiovascular Angioplasty Anal-
ysis (CAAS) system (14). Analysis of the lesion was based on at
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Flgure 1. Top, Lateral view of the left anterior descending coronary
astery showing a complex tandem {type B) lesion just before the origin
of the first diagonal branch. Battom, 30° right oblique projection of the
right coronary artery shows 2 smooth, nearly symmetric (fype A) lesion
just beneath the right ventricular branch.

Jeast two proleclluns Improvement uf a coronary lesion was
defined asa indi stenosis b the first and
the second angicgrams, measured by the CAAS system.

Trial medication and After an-
giography, trial medication was withheld in patients with main
stem disease =70%, normal or non5|gmﬁcant coronary artery
disease or develof of my ion before the
start of medication.

Trial medication consisted of 30 U of intravenous anis-
treplase or placebo and was given over 5 min after the
pretreatment angiogram had been made. An intravenous drip
of nitroglycerin was started before the pretreatiaent angivgra-
phy; 5,000 U of intravenous heparin was injected during
baseline angiography and continucd with a starting dose of
1,000 U/h. Further titration was done depending on the
activated partial thromboplastin time. Aspiiin ia 4 dose of
300 mg once daily was started after the posttreatment angio-




JACC Vol 24, Nu. &
November 15, 1994:1453-9

Figure 2. Right coronary artery in the 60° left oblique projection. Just
after the right ventricular branch, a large theombus is visible after a
severe, symmetric (lype A) stenosis. It is surrounded by dye on three
sides, showing its somewhat round shape. This thrombus was moving
slightly up and down during the cardiae . Because of the force of
the contrast injection, the bilized and frag d jnto
two large pieces. These two parts embolized into the poskerior
descending branch, resulting in a distal neclusion of that vessel.

gram, Additional antianginal medication was given according
to usual local protocols.

Statistics. When applicable. a Fisher exact test. Student
t test or chi-square test (without Yates correction) was per-
formed. Twa-tailed p values 2re reporred. Significance was
defined as p < 0.05.

Results

In total, 159 patients were included in the study (Table ().
Thirty-three of 159 patients did not receive study medication
because of exclusion criteria or other reasons (severe left main
stem stenosis [7 patients], normal coronary arteries 17 pa-
tients], myocardial infarction occurring before the start of
study medication {4 patients], severe groin bleeding (2 pa-
tients}, technical problems preventing catheterization [2 pa-
tients], cardiogenc shock {1 patient]). Of the remaining 126
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Figure 3. Top, Laft ciicumfles coronary artery in the 30° right oblique
projection, occluded proximally, with some miror collatesal vessels
visible. Bottom, After thrombolytic therapy, the circumfles artery
repetfused. I this projection, the culprit lesion is hardly visible, In
other views, the residual stenosis was only 50,

0.002) was found in the anistreplase-treated group compared
with the placebo-treated group by qualitative assessment.
Quantitative CAAS analysis showed identical results: Diame-
ter stenosis decreased 119 in patients treated with anis-
treplase versus 3% in patients receiving placebo (p = 0.008).

patients, 65 were randomized to receive anistreplase and 61
placebo. We were unable to determine the presence or abscnce
of thrombus formation in five patients, and an additional two
patients did not have two angiograms. This resulted in a total
of 119 of 126 treated patients in whom thrombus formation
couid be analyzed. The type of lesion could not be determined
in 20 patients (normal artery [1 patient], occluded artery {16
patients), not identified {3 patients}}, and one other patient had
only one angiograry. This resulted in 105 of .he 126 treated
patients in whom the type of lesion could be analyzed. Table 2
shows the number of patients available for each analysis.
Decrease in coronary arfery stemosis. As previously re-
ported (2), a significant decrease in stenosis severity (p =

S of 65 anistreplase-treated patients and 11 of 61
placebo-treated patients had an occluded arlery at bascline
angiagraphy: in all of thesc patieats, collateral vessels provided
blood supply to the ischemic area. The difference in degree of
stenosis be i re ang aficr siudy medication was the result of the
reupening of 12 of 17 oceluded arieries in the anistreplase-
treated patients, whereas none of the coronary arteries re-
opened in the 11 placebo-treated patients, The decrease in
diameter stenosis of open arteries between the first ard second
angiography was 5% in the anistreplasc-treated group com-
parcd with 3% in the placebo-treated group (p = NS) (2).
Type of culprit lesion or presence of thrombus and angio-
graphic outcome. The type of culprit lesion could be classified
in 105 patients. In 75 paticnls (71%) the lesion was judged to
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Table 1. Bascline Clinical Characteristics of 159 Study Patients

Anistreplase Treatment  Placebo Treatment
n = 80) =7
Mean (£5D) age (y7) 9x8 579
Men 57 a3
Chest pain
In-hospital 58 54
Only beforc admission 2 2
At rest 58 65
With minimal exercise 2 4
Median duration of last 2 15
attack (min}
Median duration of unstable 65 58
angina (days)
Single-vesse! discase 33 2
Multivesse! disease 3 “
Normal coranary arteries 10 9
No angiography 0 2
Culprit vessel
LMCA 0 7
LAD 40 2
LCx 16 12
RCA 3 17
ND t o

*Two patients received placebo us study medication, but the conclusion of
the central angiographic analysis was ronsignificant coronary artery discasc,
Data presented are number of patients, unless olherwise indicated. LAD = keft
anterior descending coronary artery; LOx = left circumflex coronary artery;
LMCA = left main coronary artery; ND = not determined; RCA = right
corunary artery.

be concentric, and in 30 (29%) eccentric or complex. In 119
patients the p or absence of th could be ana-
lyzed. A clear thrombus was visible in 39 of them (33%). In the
remaining 80 patients (67%), the presence of thrombus could
not be determined by the criteria mentioned previously in the
Methods section. Neither the type of lesion (conun!nc or
complex) nor the presence or absence of thromt
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‘Table 3. Type of Lesion and Presence or Absence of Thrombus
Related to Changes in Coronary Anatomy: Anistreplase (APSAC)
Versus Placebo Treatment

Lesion Improved
Type/Study Coronary Anatomy,
Medication No. of Pis {%) No. of Pts {%) p Value
Concentric 5
APSAC 37(49) 24(65) 0.13
Placebo 38(51) 18(47)
Ecventric 30
APSAC 19(63) 10(53) 092
Placebo neEn 6(55)
Thrombus
Visible 39
APSAC 19(49) 11(58) 043
Placcha 20(s1) 9(45)
Not visible &8
APSAC 42(53) 457 012
Placebo BEn 15 (40)

APSAC = anisaylated plasminagen streplokinase activator comples; Pts =
paticnis.

for bypass graft or angioplasty) were common. Sixty-three
percent of patients had at least one of these events, We
prevnously reponed @) that m the total group of patients
was independent of clinical
The ana!omnc characteristics (type of lesion or presence of
thrombus) were not related to the occurrence of any cardiac
event or the type of event (death, myocardial infarction,
coronary artery bypass surgery, angioplasty or angina) (p =
0.77 and p = 0.90). The power of the test to detect a 20%
higher or lower incidence of cardiac events in concentric versus
eccentric lesions was 70% and 65%, respectively. These figures
for visible versus nonvisible thrombus were 72% and 74%,
respectively. These results were again independent of study

the angiographic outcome of the second catheterization (p =
0.96 and p = 0.98). The power of the test to detect a 20%
higher or lower incid: of improved coronary in
concentric versits eccentric lesions was 57% and 56%, respece
tively. The power to detect these differences in cases where the
thrombus was visible versus cases where the thrombus was not
visible was 66% in both situations. These results were inde-
pendent of type of study medication (Table 3).

Type of lesion or presence of thrombus and clinical out-
come. During hospital admission, cardiac events (defired as
mortality, myocardial infarction, rccurrence of angina, need

Table 2. Patients Available for Analysis

Na.
‘Total study pativats 159
Palicnls receiving study medication 126
Paiients with two angiograms 123
[dentifiable type of tesion 105
Idenlifiable presence of thrombus 119

dication (Table 4).

Table 4. Type of Lesion and Presence or Absence of Thrombus
Related to Cardiac Events In-Hospital: Anistreplase (APSAC)
Versus Placebo Treatment

Lesion
Type/Study Cardiac Events,
Medication No. of F1s (%) No. of Pts (%} p Value
Concealric K
APSAC 37(49) 28(76) 049
Placebo BEGH 26.(68)
Eccentric 30
APSAC 19(63) 15(79) 04t
Placcho nEn 10(91)
Thrombus
Visible 39
APSAC 19(49) 11(58) 07
Placebo 20(51) 15(75)
Not visible 8
APSAC 42(53) 3448 008
Placebo 38(47) A(683)

as in Table 3.
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Table 5. Ciinical Qutcome Du.ing Hospital Admission

Anistreplase Placebo p Value
No. of P1s 80(15) 918

Mortality 31y 1(m

ML 2(3) N3

CABG 6(0) 16.¢6) 002
PTCA 30(3) 26(0)

Recurtent angina 27(5) 12(0) 006
= cardiac event 55¢6) NI

Bleeding am 7() 0!

Numoers in parentheses indicate p:
cation. CABG = coronary artery bypass graft surgery: Mi = myocardial
infarction; PTCA = percutancous transluminal coronary angioplasy: Pis =
patients.

Discussion

Type of lesion. Ambrose et al. (12) defined a number of
typical anatomic variations in the coronary arteries in patients
with unstable angina. Recently, they simplified these criteria
(7). In the present study, this last set of criteria was used.
Freeman et al. (8) used the first-mentioncd Ambrose ot al.
criteria when they prospectively studied the coronary anatomy
in 80 patients with unstable angina. In that study. complex
morphology of the culprit lesion was seen in ~40% of the
patients. They concluded that the presence of a complex lesion
predicted a worse clinical outcome. They stated that in most of
these lesions thrombus formation was likely to be present, Ellis
et al. (10), using muitivariate analysis. also indicated that
roughness and length of the culprit lesion strongly predicted
risk of myocardial infarction. The findings of thesc two studies
disagree with our observations, where the type of culprit lesion
had no predictive value as to clinical outcome. In addition.
plaque morphology did not discriminate for angiographic
improvement in our study. The recently published Thrombol-
ysis in Myocardial Infarction (TIMI) I11A study (9), performed
in a sizable number of patients, also indicated that no sigrifi-
cant relation was found between the type of the culprit lesion
and angiographic outcome.

Thrembosis. Coronary thronibosis plays an important role
in unstable angina. This has been shown by angiography,
angioscopy, autopsy and indirectly by biochemical examina-
tions and effect of treatment (9,15-3Y). In those studies, the
frequency of thrombus formation varied between 1% and 85%
This wide variation can be explained by the timing and type of
the investigation and the criteria used (3). For example, it has
been reported (4-6) that the presence of thrombus is depen-
dent on the delay between onset of complaints and cardiac
catheterization: The incidence of obscrving thrombi is in-
verscly refated to the time from appearance of symptoms until
angiography. In our trial, patients were studied in the acute
phase of unstable angina. However, even after patients with
occluded arteries had been included, only 33% of the patients
had definite evidence of thrombi in the pretreatment angio-
gram. Van den Brand et al. (13) reported a visible thrombus in
4 of 36 patients with unstable angina; an additional 3 patients
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had an occluded artery that was suggestive of thrombosis. Qur
findings correspond with tire TIMI IIIA results. In that siudy
(10). apparent thrombus was obscrved in 35%% of ail culprit
lesions, inciurling 9% of patients who had an occluded artery.
That scudy had inclusion criteria and time delays similar to
UNASER!. Freeman et al. (8) found a 43% incidence of
thrombus formatlon in angmgrams made within 24 b after

d The i o to 21% in angiograms
made later that week; however, patients with ongaing chest
pain showed thrombus formation in 75% of cases. Thus.
pereent of thrombosis is most certainly influeaced by the
criteria defining thrombus formation, type of patients and
timing of the angiogram. These criteria vary from study to
study. resulting in marked differcnces in the incidence of
thrombus formation.

Gatoh et al. (17) found angiographic improvement atter
thrombolytic treatment in 20 of 21 patients with thrombus. The
UNASEM trial confirmed that coronary anatomy improves
after thrombolytic therapy (2). However, angiographic im-
provement was seen anly in patients with occluded arteries, in
whom thrombosis is likely ta be present. This is in line with the
TIML {ILA findings (9), where the angiographic characteristics
favoring measurable improvement included a receat coronary
occhusion. Patients with open arteries did not have a better
angiographic outcome after thrombolytic treatment in our
study as in TIMI HIA. This finding was independent of the
presence or absence of intraluminary thrombi. Scrutinio et al.
(1} reviewed data on the clinical outcome from seven studics
and found that Vetrovec et al. (5) were the oaly investigators
to report @ bencficial clinical outcome after thrombolytic
therapy. Small pilot studies suggest that thrombolysis might be
more cffective if a longer infusion duration is used (40,41).

The UNASEM trial confirms that thrombolytic therapy is
clinically incffective in the total group of patients. Also, in
patients with coronary thromhosis, no significant difference in
clinical outcome was found.

1t is tempting to speculate on possible explanations for the
lack of improvement after thrombolytic therapy in patients
with unstable angina. They include the following:

1. Platelet aggregation is not uffected in vessels containing
thrombus. Thrombolytic agents do lyse clots but do not inhibit
platelet aggregation. The angioscopic appearance of the
thrombus in patients with unstable ungina is different from that
in patients with acute myocardial infarction (6,18). In myocar-
dial infarction, a red thrombus is commonly found. In unstable
angina, most paticnts show a pray thrombus, which suggests
that the thrombus is already older and covered by platelet
deposits. Such older thrombi might therefore dissolve less atter
thrombolytic therapy.

2. Some thrombolytic agents may ultimately canse platelet
activation and thrombus formation in vivo, possibly through
plasmin (19). Plasmin can activate platelet aggregation and
Fuctor V directly. This may limit thrombolysis in unstable
angina. Platelets increase the resistance of thrombi to lysis by
inducing clot retraction and cross-linking and by rcleasing
inhibitors (20).
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3. A small decrcase in stenosis of an open artery is mare
difficult to detect than reopening of an occluded artery:
Reopening, even to a minor degree, leads to a clearly visible
angiographic difference.

4. In contrast to myocardial infarction, pathogenesis of
unstable angina is more complex (42). It most certainly cannot
be explaincd by thrombus formation on a ruptured plaque
alone. A gradual increase in a stable atheroscierotic plaque can
lead to unstable angina. A recent study from Flugelman et al.
(43) is indeed suggestive of this. They performed (immuno)
histopathologic investigations of 32 patients atherectomy spec-
imens from patients with unstable angina, In 56% of these
patients, smooth muscle cell proliferation had led to plaque
expansion and thereby to lumen narrowing and unstable
angina. Also, a spastic component in the coronary artery could
play a role in the imtahility of some cases (30,37,38).

5. Thrombosis is a dynamic pracess m whlch a delicate
interplay between thrombosis and thromt ion with

JACC Vul. 24, No. 6
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angina dves imprave the angiographic but not the clinical outcome: results of
UNASEM, mullicentre. randomized, placeho controlled clinical teial. Cir-
culation 1992,36:131-7,

5. Bar FW. Thrombolysis in paticnts with unstable angina, In Bleifeld W,
Hamm CW, Braunwald E, cditors. Unstable Angina, Berlin: Springer-
Verlag, 1990:227-34.

4, Capone G, Wolf NM, Meyer B, Meister 5G. Frequency of inlracoronary
filling defects by angiography in angina gectoris at rest. Am J Cardiol
1985.56:403-6.

. Vetrovec GW, Leinbach RT, Gold HK, Cowley M. Intracoronary throm-

bolysis in syndromes of unstable ischemia: angingraphic and clinica! results.

Am Heart J 1982104:946-52.

Sherman CT, Litvack F, Grundfest W. et al. Coronary angioscopy in patients

with unstable angina pectoris. N Engl ] Med 1984:315:913-9.

Ambrose JA, Isracl DH. Angiography in unslable angina. Am J Cardiol

1991:68:78B-848.

Freeman MR, Williams AC, Chrisholm RJ, Armstrorg PW. Intracoronary

thrombus and complex morphology in unstable angina. Relation to liming of

angiography and in-hospital cardiar evenis. Circulation 1989: 23.

. The TIML HIA investigators. Early effects of tissue-ype plasminogen
activator added to conventional therapy on the culprit coronary lesion in
pancms presenting with ischemic cardiac pain at rest. Results of the

“w

o

=

=
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or without disintegration of thrombus and platelet aggregation
and inhibition play a role. [n addition, local intimal dissections,
gradeal intimal growth and spasm further complicate the local
process.

6. Recent data suggest that only half of thc lesions assessed
have concordant h iographic and ul i}
findings (44). Aagivscopic results indicate that angiography
might also be misleading in the diagnosis of ar intimal flap or
thrombus (45,46). Thus, these new techniques show that
angiography has severe limitations and probably should no
longer be used as the reference standurd.

“!udy iimitati The plex p hysiology of unsta-
ble angina seems to be rcspunslblc for the dlcappomtmg vesults
of thrombolytic therapy. Some limitations of the study were
discussed earlier. Most important, angiographic proof of
thrombus s still difficult. In addition, this was a retrospective
analysis, and the UNASEM protocol was not specifically
designed to address the items 1 to 6. Finally, although larger
than in most of the other studies, the number of patients
included in this trial was lmited, making it impossible to
analyze all aspects with sufficiently large numbers of patients.
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