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General Introduction 

Percutaneous Coronary Intervention (PCI) is an eltcctive treatment for symptomatic patients with ob
structive coronary artery disease ' " The success rate of PCI has increased over the years, despite a 
widening scope of indications.': However, complications still occur, being abrupt vessel closure and 
restenosis. Abrupt vessel closure occurs in ± 5% of the patients during or shortly after the procedure 'J 

This may result in myocardial infarction and/or death, despite urgent reintervention 14 Restenosis is 
the main limiting (actor of the late success of PCI This complication occurs in 20-50% of the dilat
ed vessels 3 to 6 months after PCI ' Restenosis leads to angina pectoris in about 75% of the patients, 
to reintervention in about 15% and to myocardial infarction or death in a very small percentage of pa
tients ' Nowadays, stents are placed in more than 50% of the interventions.' Stents have reduced 
restenosis rates and are very effective in treating abrupt vessel closure * But, stents have their own 
complications namely subacute thrombosis, which causes a myocardial infarction and/or death in the 
majority of patients and in-stent restenosis, which is difficult to treat '"" 

Background of the Balloon Angioplasty and Anticoagulation Study 

Thrombosis plays a major role in acute vessel closure both after balloon angioplasty and after stent-
ing. Thrombosis may also play a role in the occurrence of restenosis Patients undergoing PCI are 
routinely treated with aspirin and heparin Despite this combined antithrombotic therapy, thrombot
ic complications still occur. Coumarms decrease the amount of available active clotting factors (II, 
VII, IX, X) and may therefore prevent thrombosis at the site of vessel injury after PCI To reduce 
thrombotic complications with coumarms, it is probably mandatory that the level of anticoagulation 
is already adequate at the start of the procedure 

Aims of the Balloon Angioplasty and Anticoagulation Study 

This thesis mainly describes investigations on the ellect ot coumarms on the occurrence ol acute 
and late complications after PCI In the prospective randomized Balloon Angioplasty and 
Anticoagulation Study (BAAS), 1058 patients undergoing PCI were assigned to aspirin alone or to 
aspirin plus coumarms. Study medication was started one week before PCI. Half of the patients were 
randomized to undergo follow-up angiography at 6 months. 

In BAAS, we tried to answer the (ollowing questions 

1 Does pretreatment with coumarms improve the one year clinical outcome in patients undergoing 
PC\((haptci 3) 

2. Does pretreatment with coumarms improve the angiographic outcome at 6-month follow-up 
(chaptei 4) 

3 Is the level and duration of anticoagulation with coumarms during and after PCI essential to re
duce complications (( haptei s 5 and 6) 

4. Treatment with coumarms may reduce costs due to a decreased number of coronary events. 
However, coumarms require regular monitoring, and there will also be additional costs associal-
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ed with the increased risk of bleeding complications An additional question in BAAS therefore 
was, whether coumarm therapy is cost-effective based on the occurrence of both cardiac and 
bleeding events (( haplei 7) 

5 Nowadays, patients arc routinely treated with aspirin plus liclopidine or Clopidogrel after stent-
ing This combined antiplatelet therapy has become the standard of care alter randomized trials 
had demonstrated its superiority over the earlier used combination of aspirin plus Coumadin 
However, the anticoagulant regime tested in these trials had serious shortcomings, in particular 
because coumarms were started following intervention, thus alter thrombus formation had taken 
place This may erroneously have led coumarms to be qualified as non-effective or even detri
mental after stenting In chapto H we analyzed whether patients randomized to aspirin and 
coumarms in BAAS, suffered fewer complications than patients pretreated with aspirin alone 

6 Platelet activation plays a major role in acute vessel closure alter PCI In BAAS, pretrealment 
with coumarms resulted in a significant reduction ol acute complications Therefore, a direct ef
fect of oral anticoagulants on platelet activation was suggested In c haptei 9 we describe the first 
study analyzing the effect of coumarms on the platelet activation state in patients undergoing PCI 

7 For patients undergoing PCI, there is still controversy about the optimal means to evaluate the late 
success of the procedure Follow-up angiography is the best method to detect restenosis But, fol
low-up angiography could lead to unnecessary reinterventions in asymptomatic patients On the 
other hand, it could detect symptomatic patients with restenosis who would otherwise have escaped 
reintervention It is therefore essential to know whether a policy ol performing routine follow-up 
angiography prevents deaths and/or myocardial inlarctions, and whether it reduces angina pectoris 
In BAAS, half of the patients were randomized to planned 6-month follow up angiography to study 
its effect on patient management and outcome ((haptei 10) 

Additional Issues 

8 Aspirin pretrealment has been shown to reduce early complications after PCI and is routinely used 
in all patients However, platelet inhibition with aspirin only, at dosages currently used, is in
complete One reason lor aspirin failure during coronary intervention might be resistance to 
chronic aspirin therapy In vitro studies suggest that in normal subjects this unresponsiveness to 
aspirin can be partly overcome by an additional high-dose bolus of aspirin These observations 
made us hypothesize that an increase of aspirin dose may result in a better outcome A first step 
in finding proof for this concept is assessing the effect of additional high-dose aspirin treatment 
on platelet functions in the setting of PCI (c haptei 12) 

9 In randomized trials, stenting has reduced the need lor repeal interventions However these ran
domized trials included selected patients with relatively favorable characteristics It is, however, 
questionable whether the inlormalion from randomized trials can be translated directly into clin
ical practice In addition stents are expensive The dramatic increase in the use ol stents has re
sulted in increased costs of care A second issue in current interventional cardiology is the use of 
platelet glycoprotein (GP) Ilb/IIIa receptor blockers These drugs have improved the salely of 
coronary intervention in particular when stents are used This observation has led to a routinely 
use of both stents and GP Ilb/IIIa receptoi blockers However, simultaneously with the develop
ment ol belter stent results also the results ol balloon angioplasty have improved dramatically In 
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addition, the value of GP Ilb/IIIa receptor blockers after successful balloon angioplasty is less ev
ident We believe that balloon angioplasty with application of state-of-the-art equipment does not 
necessarily require stents and GP Ilb/IIIa receptor blockers in each patient The two additional 
treatments may be reserved for high-risk patients or complicated procedures. Therefore, we 
prospectively studied a strategy of aggressive balloon angioplasty with provisional stenting and 
no use of GP II/IIIa receptor blockers in a non-selected group of patients (ihaptei 13). 
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Chapiei 2 Pail I 

Antiplatelet and Anticoagulant Therapy in Elective Percutaneous 
Coronary Intervention 

Abstract - Trombosis plays a major role in acute vessels closure both after coronary balloon 
angioplasty and after stenting. This review will address the role ol antiplatelet and anticoagulant 
therapy in preventing early and late thrombotic complications after percutaneous coronary interven
tion The focus will be on agents that are routinely available and commonly used. 

Key Words: • percutaneous coronary intervention • antiplatelet therapy • anticoagulant therapy 
• coronary thrombosis 
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Review 

Introduction 

The acute success rate of percutaneous coro
nary intervention (PCI) has increased ever 

since its introduction, despite a widening scope 
of indications.' ' Nevertheless, abrupt vessel 
closure during or shortly after balloon angio
plasty still occurs in 2-5% of the patients."1 

Abrupt closure may result in myocardial infarc
tion (10-35%) and death (2-5%) despite urgent 
reintervention.4 * Nowadays, stents are placed in 
more than 50% of elective interventions, partly 
because they are very effective in avoiding ves
sel closure.7" Stenting, however, is associated 
with a unique and devastating complication, 
namely (sub)acute thrombosis, which occurs in 
1-4% of the procedures.1"" Unfortunately, the 
majority of patients who experience this com
plication, suffer from myocardial infarction 
and/or die."' " Thrombosis plays a major role in 
acute vessel closure both after balloon angio
plasty and after sientmg. This review will ad
dress the value of antiplatelet and anticoagulant 
therapy to prevent thrombotic complications af
ter PCI. We will focus on agents that are rou
tinely available and commonly used. As the role 
of thrombosis differs for stented and non-stent-
ed lesions, the therapeutic options during and 
after balloon angioplasty and stenting are dis
cussed separately. In addition, the unique 

pathophysiology of late thrombotic closure af
ter intracoronary brachytherapy and the extend
ed need for antithrombotic therapy will be dis
cussed. 

Balloon angioplasty 

Mechanisms of Abrupt Vessel Closure after 
Balloon Angioplasty 
Studies using angioscopy ,: '4 and post-mortem 
observations " '7 suggest that balloon angio
plasty very often leads to rupture of the ob
structing plaque and to dissection of the vessel 
wall followed by mural thrombus formation. 
The etiology of abrupt vessel closure is multi
factorial: dissection leading to an occlusive 
"flap", spasm, elastic recoil and intramural 
hematoma may all play a role. Mural thrombo
sis is considered an important associated cause 
in this process ''IS ''', particulafly when the target 
lesion has a large lipid core :" and when mural 
thrombosis is already present before interven
tion. : ' :4 

Antiplatelet and Anticoagulant Therapy To 
Prevent Abrupt Vessel Closure in Balloon 
Angioplasty 
Aspirin (acetylsalicylic acid) 
Aspirin is a dose-dependent inhibitor of 
platelet cyclo-oxygenase activity, resulting in 

ACT = Activated Clolmg Time, ADP = Adenosine Diphosphate. AMI = Acute Myocardial Invarction, NICE = National 

Investigators Collaborating on Enoxaparm; ESSENCE = Enoxapann versus Heparin in Unstable Angina and Non Q Wave 

Myocardial Infarction; REDUCE = Reduction of Restenosis after PTCA, Early Administration ot Revipann in a Double-blind, 

Unfractionatcd Heparin and Placebo-Controlled Evaluation, HELVETICA = Hirudin in a European Trial versus Heparin in the 

Prevention of Restenosis after PTCA, EPIC = Evaluation ot c7E3 lor the Prevention ol Ischemic Complications; EPILOG = 

Evaluation in PTCA to Improve Long-term Outcome with abciximab GP llb/llla blockade: CAPTURE = c7E3 Fab Antiplatelet 

Therapy in Unstable Refractory Angina; CI = confidence interval, EPISTENT = Evaluation of Platelet llb/llla Inhibition in 

Stenting, IMPACT-II = Integrilin to Minimize Platelet Aggregation and Coronary Thrombosis-II. RESTORE = Randomized 

Efficacy Study ol Tirofiban for Outcomes and Restenosis, BAAS = Balloon Angioplasty and Anticoagulation Study, ISAR = 

Intracoronary Stenting and Antithrombotic Regimen, STARS = Stent Anticoagulation Restenosis Study, FANTASTIC = Full 

ANTicoagulalion versus ASpinn and TIClopidine after stent implantation; GP = Glyco Protein, M ATTIS = Multicenter Aspirin 

and Ticlopidine Trial after Intracoronary Stenting; CLASSICS = Clopidogrel/Aspirin Stent International Cooperative Study, 

TOPPS = Ticlopidine or Plavix Post-Slent; CURE = The Clopidogrel in Unstable angina to prevent Recurrent Events, ESPRIT 

= Enhanced Suppression of the Platelet Ilb/Wa Receptor with Integrilin Therapy, TARGET = do Tirofiban And Reopro Give 

similar Efficacy Trial; CURE = Clopidogrel in Unstable angina to prevent Recurrent Events, SCRIPPS = The Scripps Coronary 

Radiation to Inhibit Proliferation Post-Stenting, WRIST = Washington Radiation for In-stent restenosis Trial 
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Chaplei 2 Pai tl 

a partial inhibition of platelet activation. A 
dose of 100 mg aspirin almost completely 
suppresses thromboxane A, synthesis in nor
mal subjects and in atherosclerotic patients.^ 
Its onset of action is rapid, showing an
tiplatelet effects as soon as 1 hour after oral 
administration.^ However, the appropriate 
dosing of aspirin is less clear for several rea
sons. First of all, the dosage required to inhib
it platelet aggregation varies for each sub
ject.^ Furthermore, the effect of aspirin treat
ment seems to attenuate over lime.'7 This may 
be overcome by giving a loading dose of at 
least 500 mg shortly before angioplasty to all 
patients, including those on daily aspirin, to 
obtain immediate platelet inhibition.2* 
Additional reasons to administer a loading 
dose are that doses lower than 2 mg per kilo
gram of body weight per day may take sever
al days to exert maximal effect, and that larg
er doses (>300 mg) reduce thrombin forma
tion.2'2' This effect on thrombin formation 
may be particularly important during PCI, as 
ruptured lesions and damaged vessel walls 
activate platelets directly through thrombin. 
This activation pathway is not blocked by 
aspirin.1" Thrombin plays a pivotal role in 
thrombus formation as it converts fibrinogen 
to fibrin, and it amplifies its own generation 
by activating platelets and the blood coagula
tion factors V, VIII, and XIII, which then 
stabilizes the fibrin clot." 

The clinical effects of aspirin during bal
loon angioplasty have not been studied exten
sively. Only three randomized placebo-con
trolled trials were conducted.'2 ,J Limited num
bers of patients were included, and two of 
these studies were primarily designed as an
giographic restenosis trials.14 " Aspirin, never
theless, reduced the acute complication rate in 
all three trials (Table 1 ). In addition, Mufson et 
al randomized 495 patients to 80 mg versus 
1500 mg aspirin per day and found no signifi
cant difference in the acute complication rate 
after balloon angioplasty." In conclusion, as
pirin reduces thrombotic complications during 
balloon angioplasty. However, aspirin is un
able to prevent thrombotic complications 
completely, even in combination with heparin. 
In particular, if the intervention damages the 
deeper layers of the vessel wall, the combina
tion of aspirin and heparin is insufficient."'17 

Using angioscopy, thrombosis is delected in 
more than 50% of the dilated vessels despite 
this combined therapy.14171* There are at least 
four reasons why mural thrombi are resistant 
to the aspirm-heparin combination. First, as 
already described, thrombin is a potent cyclo-
oxygenase independent platelet agonist. The 
thrombin receptor on the platelet is not 
blocked by aspirin.1" Second, activated 
platelets bind prothrombin and thrombin, 
shielding them from inactivation by he
parin.1'4" Bound prothrombin generates throm-

TABLE 1. The Effect of Aspirin 

Reference 

White et al.* (n=333) 

Schwartz et al.» (n=376) 

Chesebroetal.M(n=207) 

AMI = Acute Myocardial Infarction, 

on Acute Complications after Balloon Angioplasty 

Drug (mg/day) 

650 mg ASA and 225 mg 

dipyridamole or 750 mg 

ticlopidme or placebo 

330 mg ASA and 225 mg 

dipyridamole or placebo 

975 mg ASA and 225 mg 

Dipyridamole or placebo 

CABG = Coronary Artery Bypass Surgery •P<0 05 

End points 

AMI and/or CABG 

Q-wave AMI 

Occlusion, AMI, urgent 

reintervention 

versus placebo 

Complications (%) 

5" versus 2* versus 14 

1 6* versus 6.9 

11 versus 20 
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bin about 1(Γ times more elliuenlly than the 
unbound form " Third, thrombin also binds to 
hbrin and lo the subendothelial matrix, where 
it is shielded from the hepann-antithrombin-
III complex Jl At Fourth, heparin is antagonized 
by platelet factor-4, which is released during 
aggregation, and by fibrm-II-monomers, 
which are a split product Irom hbrin lormed to 
stabilize the thrombus 444< 

In summary aspirin pretreatment is essen
tial tor patients undergoing balloon angioplas
ty The optimal dosing however is still largely 
unknown A high-dose bolus of aspirin (500 
mg) belore intervention in addition to a daily 
low dose (100 mg/day) seems to be the most 
elhcacious regimen to reduce platelet activa
tion Nevertheless, aspirin is unable lo abolish 
platelet activation totally, suggesting that addi
tional antithrombotics are necessary during 
balloon angioplasty 

Unfractionated Heparin 
Heparin is a glycosaminoglycan, composed of 
a heterogeneous mixture ol molecules ol dil-
ferent weights The anticoagulant action of 
heparin is due to the binding of one-third of 
these molecules to antithrombin-III, leading 
to a conformational change that markedly in
creases the ability to inactivate thrombin Jf' 
The anticoagulant response to heparin varies 
greatly among patients This may be due to 
different concentrations of hepann-binding 
proteins, and the receptors on endothelial 
cells which have to be saturated before ther
apeutic plasma levels can be achieved •" 
Natural inhibilors of heparin may in addition, 
be released from the thrombus and are more 
likely to play a role when large amounts of 
thrombus are present ^ 

Anticoagulation during PCI is almost urn 
versally accomplished with unfractionated he
parin A bolus injection of 5,()()() 1 (),()()() IU is 
commonly used at the start of the PCI, and a 
varying amount is added during the procedure 
Few controlled studies have, however, ad
dressed the issue of optimal dosing or duration 

of heparin therapy Several observational stud
ies ^ J', but not all u, have associated a low 
ACT with a higher rate ot abrupt vessel closure 
Moreover, a retrospective analysis suggested a 
temporal association between discontinuation 
of heparin and the occurrence of abrupt vessel 
closure M Monitoring of optimal hepanmzation 
and an ACT >1()() sec therefore seem advis
able 47 In contrast, two prospective non-ran
domized studies using a single low dose ot 
2,500 - 5,000 IU of heparin ' and two small, 
randomized trials comparing low-dose versus 
high-dose heparin M ' suggested that low-dose 
heparin is as safe and effective as high-dose 
heparin in elective PCI Without defining an op
timal dose, these studies have introduced a 
trend towards the use of lower heparin doses 
Recently, however, an analysis combining data 
from six randomized controlled trials was per
formed to determine the optimal range of 
ACT " This analysis included 6,146 patients 
from studies of novel adjunctive antithrombot
ic regimens in which unfractionated heparin 
constituted the control arm An ACT of 350-375 
sec provided the lowest composite event rate at 
7 days follow-up The lowest level of bleeding 
was observed in the range of 125-350 sec, and 
it progressively increased at 350-375 sec Taken 
together, an ACT of 350 sec seems to be opti
mal to prevent ischemic events during PCI 
while not increasing bleeding complications w 

Although heparin is essential during PCI, it 
should not be continued after successful coro
nary intervention Prolonged hepanmzation 
does not reduce ischemic complications, but 
leads to more bleeding complications, longer 
hospital stay and increased costs ,7 ,' , Small ret
rospective data, on the contrary, suggest that 
pretreatment with heparin reduces the risk ot 
complications during PCI for patients at high 
risk for coronary thrombus " " For these high-
risk patients, however, the platelet glycoprotein 
(GP) Ilb/IIIa receptor blockers have been 
shown to be more efficacious (see section 
'Platelet GP Ilb/IIIa receptor blockers') ^ "' 

In summary, unfractionated heparin is el-
fective during elective PCI, and an ACT of 350 
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Chapte) 2 Pai 11 

sec seems to be optimal to prevent ischemic 
events during PCI while not increasing bleed
ing complications Prolonged hepanmzation 
after elective PCI does not reduce complica
tions 

Low Molecular Weight Heparin 
Low molecular weight heparins (LMWHs) 
have a number of advantages over unfractionat-
ed heparin therapy LMWHs are fragments of 
standard heparin molecules with a more pre
dictable anticoagulant effect requiring less 
stringent monitoring of anticoagulation They 
have a higher ratio of antifactor Xa antifactor 
IIa, they induce thrombocytopenia less often 
and are resistant to inactivation by activated 
platelets H However, experience with LMWHs 
in the setting of coronary intervention is limit
ed The available data nevertheless suggest that 
LMWHs are safe and effective during PCI 
First, the administration of a single intravenous 
bolus of enoxapann was tested in the open-la
bel National Investigators Collaborating on 
Enoxapann (NICE)-l and NICE-4 trials " In 
NICE-1, 810 patients (up to 85% of who re
ceived a stent, were treated with 1 mg/kg intra
venously In NICE-4, 817 patients (again most 
of them stented) received a lower dose of 
enoxapann (0 75 mg/kg intravenously) in com
bination with abciximab Preliminary results 
showed a low clinical event rate and low bleed
ing rate, which suggests that enoxapann is 
effective during PCI without coagulation mon
itoring ^ In addition, analysis of subgroups 
from the Enoxapann versus Heparin in 
Unstable Angina and Non-Q-wave Myocardial 
Infarction (ESSENCE) trial also suggested 
that enoxapann is safe during PCI '* Second, 
the LMWH revipann was tested in the 
Reduction of Restenosis after PTCA, Early 
Administration of Revipann in a Double-Blind, 
unfractionated Heparin and Placebo-Controlled 
Evaluation (REDUCE) trial " A total of 625 pa
tients were randomized to revipann initiated as 
a bolus immediately before PCI and continued 
for 24 hours intravenously plus 28 days subcu-
taneously, or to unfractionated heparin for 24 
hours intravenously At 30 weeks, the adverse 

event rate was similar in the two groups 
However, less early complications, primarily 
the need for bailout stentmg occurred in the re
vipann group O 9% versus 8 2% in the unfrac 
lionaled heparin group, P=iò 03) " Third, Collet 
et al tested a strategy of subcutaneous enoxa
pann I mg/kg given twice a day for 48 hours 
followed by angiography and PCI at the treat
ing physician's discretion A total of 451 con
secutive patients with unstable angina or non-
Q-wave infarction were included of whom 
65% underwent angiography and 28% PCI 
Patients were scheduled for catheterization 
within 8 hours of an enoxapann injection and 
sheaths were pulled > 10 hours after enoxapann 
injection Results showed no increase in major 
bleeding rate of PCI patients compared with pa
tients not undergoing catheterization In addi
tion, enoxapann was ellective as no abrupt clo
sure or urgent revascularization occurred after 
PCI'" 

In summary LMWHs seem to be safe dur
ing PCI, although the superiority of LMWHs 
over unfractionated heparin during PCI remains 
to be proven 

Direct Thrombin Inhibitors 
The most potent direct antithrombin is hirudin, 
which (unlike heparin) forms a I 1 complex di
rectly with thrombin It is able to inactivate both 
free thrombin and thrombin bound to fibrin In 
addition, also unlike heparin, there are no cir
culating inhibitors of hirudin and it does not 
bind to endothelial cells and plasma proteins 
The result is that hirudin achieves a more spe
cific and consistent state of anticoagulation M In 
the Hirudin in a European Trial versus Heparin 
in the Prevention of Restenosis after PTCA 
(HELVETICA) trial, 1,141 unstable patients 
undergoing angioplasty were randomly as
signed to two regimens of hirudin or to unfrac
tionated heparin for the duration of 4 days 
Although the primary end point of event-free 
survival at 7 months was similar in the three 
groups, the administration of hirudin was asso
ciated with a significant reduction of early car
diac events (combined relative risk with 
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hirudin, 0.61; 95% confidence interval [CI], 
0.41-0.90), while the incidence of bleeding 
complications was not increased.7" In the 
Hirulog Angioplasty Study, 4098 patients un
dergoing angioplasty for unstable or post-in
farction angina were randomized to either bi-
valirudin (Hirulog) or unfractionated heparin 
for the duration of 1 day. Bivalirudin did not re
duce the primary end point consisting of any 
acute complication during hospitalization 
( 11.4% versus 12.2% for heparin, /^NS), but it 
did result in a lower incidence of bleeding 
(3.8% versus 9.8%, /ΜλΟΟΙ). Bivalirudin sig
nificantly reduced the primary endpoint in the 
high-risk subgroup of post-infarction angina, 
(9.1 % versus 14.2%, P=(.).04), again with a low
er incidence of bleeding (3.0% versus 11.1%, 
Ẑ O.OO I ).71 A limitation to the use of the direct 
thrombin inhibitors is that they are more ex
pensive than heparin. 

In summary, the direct thrombin inhibitors 
are promising for the prevention of acute com
plications during PCI. 

Platelet GP Hb/IIIa Receptor Blockers 
Because of the relatively weak antiplatelet ef
fects of aspirin, agonists such as thrombin, col
lagen, and serotonin can induce the functional 
expression of the platelet GP Hb/IIIa receptor. 
This receptor cross-links adjacent platelets by 
binding fibrinogen and von Willebrand factor. 

This process takes place regardless of what 
metabolic pathway initiated platelet activation, 
and the GP Ilb/IHa receptor is therefore the fi
nal common pathway for platelet aggregation. 
The best-studied parenteral agents that block 
the GP Hb/IIIa receptor include the chimeric 
c7E3 monoclonal antibody fragment abcix-
imab, the peptide inhibitor eptifibatide and the 
non-peptide mimetic tirofiban. In patients un
dergoing balloon angioplasty, most placebo-
controlled studies were performed with the use 
of abciximab. These studies evaluated the effect 
on the composite 30-day end point of death, 
acute myocardial infarction (AMI) or target 
vessel reintervention (TVR) (Table 2). Patients 
in these studies were additionally treated with 
aspirin and variable dosages of unfractionated 
heparin. Stents were used only for bailout situ
ations ( 12% of the patients). 

Abciximab: In the Evaluation of c7E3 (ab
ciximab) for the Prevention of Ischemic 
Complications (EPIC) study, 2,099 high-risk 
patients (unstable angina, AMI or adverse an
giographic characteristics) undergoing balloon 
angioplasty or atherectomy were randomly as
signed to one of three groups. These received ei
ther placebo bolus plus 12 hours abciximab in
fusion, abciximab bolus plus 12 hours placebo 
infusion, or abciximab bolus plus 12 hours ab
ciximab infusion. Heparin was fully dosed 
(ACT 300-325 sec). There was a significant 

TABLE 2 . Intravenous GP llb/llla-receptor Blockers for Patients Undergoing PCI 

Trial 

EPIC 

EPILOG" 

CAPTURE10 

IMPACT-II" 

RESTORE7" 

EPISTENT"11 

Patient category 

AMI, UA or high-risk lesion 

SA 

Refractory UA 

AMI, SA,UA 

UA 

AMI, UA, SA and stent eligible 

η 

2,099 

2,792 

1,265 

4,010 

2,139 

2,399 

Primary end point 

Hb/IIIa 

8.3 

52 
11.3 

9.2 

10.3 

53 

Placebo 

12.B 

11.7 

15.9 

11.4 

12.2 

10.8 

P-value 

0.008 

<0 001 

0.01 

0.06 

0.16 

<0 001 

See text for the details of patient selection, primary end points and outcome In the EPIC, EPILOG, CAPTURE and EPISTENT trials, the primary end point 

consisted of death, acute myocardial infarction (AMI) or target vessel revascularization (TVR) at 30 days In the IMPACT-II tnal, the need for a bailout stent 

also included a pnmarv end point In the RESTORE trial, not only TVR was included but any revascularizations. UA, unstable angina, SA, stable angina 
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4.5% absolute reduction of the composite 30-
day end point in the group on abciximab bolus 
plus infusion. In comparison, the abciximab bo
lus alone was not effective. The advantages of 
abciximab were partly nullified by a doubling of 
the number of bleeding complications.7^1 In the 
Evaluation in PTCA to Improve Long-term 
Outcome with abciximab GP Ilb/IIIa blockade 
(EPILOG) study, the benefits of abciximab were 
shown to extend to patients with low risk. The 
patients with unstable angina and electrogram 
changes or AMI within the previous 24 hours 
were excluded. This study was terminated pre
maturely for eflicacy reasons because, after in
clusion of 2,792 patients, a significant 6.5% ab
solute reduction of the 30-day composite end 
point was noted in the abciximab group. 
Furthermore, the use ot weight-adjusted low-
dose heparin accounted for a lower risk of ma
jor bleeding.74 The c7E3 Fab Antiplatelet 
Therapy in Unstable Refractory Angina (CAP
TURE) study evaluated the effect of pretreat
ment with abciximab in patients with refractory 
unstable angina who were planned to undergo 
PCI within 24 hours. Abciximab was started 18-
24 hours before PCI and continued for 1 hour af
ter the procedure. This study was also discon
tinued prematurely (n = 1,266) with a significant 
4.5% absolute reduction of the 30-day compos
ite end point in the abciximab group. In the 
CAPTURE study, unfractionated heparin was 
not dosed according to body weight and, again, 
the number of bleeding complications dou
bled.'': GP Ilb/IIIa receptor blockers are there
fore best combined with a weight-adjusted dose 
of unfractionated heparin, with an initial bolus 
of 70 U/kg and an ACT of approximately 250 
sec.,J7" As already discussed, LMWHs may be 
superior to unfractionated heparin, also when 
combined with GP Ilb/IIIa receptor blockers. 
There is, as yet, little data on the safety and effi
cacy of combining LMWHs with GP Ilb/IIIa re
ceptor blockers during PCI. Preliminary obser
vational data such as from NICE-4, however, 
suggest that this combined antithrombotic 
regime is promising.'" With respect to the dura
tion of abciximab infusion, the lower relative 
risk reduction in the CAPTURE study (23%) as 

compared with in the EPI trials (35% and 56%) 
is consistent with the evidence of subtherapeu
tic platelet inhibition in a subgroup of patients 8-
12 hours after abciximab infusion.7'' It therefore 
seems optimal to continue abciximab infusion 
for 12 hours after the intervention. 

Integrelin and tirofiban: The small molecules 
integrilin and tirofiban were also shown to re
duce the risk of PCI, although less impressively 
(Table 2). In the Integrilin to Minimize Platelet 
Aggregation and Coronary Thrombosis-II 
(Impact-II) study, 4,010 patients undergoing 
elective or urgent interventions were randomly 
assigned to two different doses of integrelin in
fusion for 20-24 hours, or to placebo. There was 
a non-significant 2.2% absolute reduction of the 
30-day composite primary end point in the best 
integrilin group, while bleedings were not in
creased.77 In the Randomized Efficacy Study 
of Tirofiban for Outcomes and Restenosis 
(RESTORE) study, 2,139 patients undergoing 
PCI within 72 hours after an acute coronary syn
drome were randomly assigned to tirofiban bo
lus plus 36 hours infusion or to placebo. A sig
nificant improvement in the tirofiban group was 
noted after 2 days, although after 30 days more 
than half of this improvement was lost and final
ly resulted in a non-significant 1.9% absolute de
crease of the composite end point. Also, tirofiban 
did not increase major bleeding.7* (Table 2). 

In summary, platelet GP Ilb/IIIa receptor 
blockers improve the 30-day outcome in almost 
all subgroups of patients undergoing coronary 
baloon angioplasty. For patients undergoing bal
loon angioplasty with provisional stenting, the 
efficacy of abciximab is based on the firmest 
clinical evidence. With respect to unfractionat
ed heparin, GP Ilb/IIIa receptor blockers are best 
combined with a weight-adjusted dose with an 
initial bolus of 70 U/kg and an ACT of approxi
mately 250 sec. Abciximab should be continued 
for 12 hours after intervention. 

Ural Anticoagulants 
Oral anticoagulants inhibit thrombin generation 
in both the intrinsic and extrinsic pathways of 
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coagulation They interfere with the cyclic con
version of vitamin K, which is an essential co-
factor in the carboxylation of blood coagulation 
factors II, VII, IX, X and proteins C and S It 
takes several days to obtain a stable level of an
ticoagulation with oral anticoagulants 

Te effect of oral anticoagulant therapy on 
acute complications after PCI had, until recent
ly, not been studied The Balloon Angioplasty 
and Anticoagulation Study (BAAS) random
ized Ι,Ο'ϊδ patients undergoing elective angio
plasty for stable or unstable angina to aspirin 
alone or to aspirin plus oral anticoagulants Oral 
anticoagulants were started 1 week prior to the 
procedure and continued for 6 months The tar
get prothrombin time was 2 1-48 international 
normalized ratio (INR) during and after the pro
cedure Oral anticoagulants significantly im
proved the 3()-day composite primary end point 
consisting of death, AMI, TVR and stroke 
(3 4% versus 6 4%, relative risk, 0 53, 95% CI, 

0 30-0 92) This positive effect was seen only in 
those patients in whom oral anticoagulants 
were started at least 3 days before the proce
dure Part of this positive eltect was offset, 
however, by more bleedings in the patients 
treated with oral anticoagulants The incidence 
of major bleedings, including false aneurysms, 
was 3 2% in the oral anticoagulant group versus 

1 0% in the patients treated with aspirin alone 
(relative risk, 3 39, 95% CI, 1 26-9 11) " 

In summary, oral anticoagulants started be
fore PCI with an adequate level ol anticoagula
tion during the procedure are effective m re
ducing the incidence of acute complications 

Stenting 

Mechanism of Stent Thrombosis 
The pathophysiology of stent thrombosis is not 
fully understood Stent thrombosis seems to be 
primarily due to platelet activation with exposure 
of the GP Ilb/IIIa receptor for fibrinogen cross-
linking and platelet aggregation '" * However, 
stent thrombosis is not only a platelet-dependent 
process Vascular wall damage due to stenting 
also exposes tissue factor, which subsequently 
leads to activation of the extrinsic coagulation 
cascade with the generation of thrombin s l 

Antiplatelet and Anticoagulant Therapy to 

Prevent Early Thrombotic Complications 

after Stenting 

TIL lopidme 
Aspirin and ticlopidine interfere with different 
but complementary pathways of platelet activa
tion Ticlopidine selectively inhibits adenosine 
diphosphate (ADP)-induced platelet aggrega
tion and ADP-mediated amplification of other 
agonists, thereby inhibiting the binding of fib
rinogen to the GP Ilb/IIIa receptor Ticlopidine 
has a delayed onset of action with maximal 
antithrombotic effect after at least 3 days ^ 

TABLE 3. Aspirin plus Ticlopidine versus Aspirin plus Oral Anticoagulants after Stenting 

Study 

Number of patients 

studied 

ISARM 

FANTASTIC' 

STARS-

MATTIS» 

Hall et a l ω 

517 

473 

1653 

350 

226 

treated 

626 

485 

1965 

350 

358 

Primary end point (%) 

ASA Ticlopidine ASA Coumadin ASA alone 

1 6 

5 7 

05 

56 

0 8 

6 2 

86 

7 

110 

36 

39 

P-value 

0 01 

0 37 

0 001 

0 07 

01 

In the ISAR STARS MATTIS and Hall et al studies the primary end point comprised cardiac death acute myocardial infarction or repeat target vessel 

revascularization at 30 days In the FANTASTIC study the composite of death acute myocardial infarction or stent occlusion at 6 weeks was the sec 

ondary end point and did not include repeat target revascularization 
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Four randomized trials (Intracoronary 
Stenting and Antithrombotic Regimen [IS AR], 
Full ANTicoagulation versus ASpirin and 
TIClopidine after stent implantation [FAN
TASTIC], Stent Anticoagulation Restenosis 
Study [STARS], Multicenter Aspirin and 
Ticlopidine Trial after Intracoronary Stenting 
[MATTIS]) have studied the combination oi 
aspirin plus 4 weeks of ticlopidine (250 mg 
twice daily) versus aspirin plus oral anticoagu
lants with overlapping unfractionaled heparin 
in preventing events after stenting *4"7 All risk 
categories were included in these studies The 
ISAR study population consisted of low- as 
well as high-risk patients, and 24% had an 
AMI Randomization took place once the stent 
was optimally placed "4 In the FANTASTIC tri
al, randomization was pertormed betöre elec
tive or unplanned stenting Patients with an 
AMI were excluded in this study "' In the 
STARS trial, a selected group of patients with 
successful elective stenting for a lesion m a l 
to-4-mm native coronary artery was included 
Patients in this trial were also assigned to 
aspirin alone, which was less effective than the 
other two drug regimens "' Already in an 
earlier randomized trial, aspirin alone was less 
effective than aspirin plus ticlopidine for 
patients with successful intravascular ultra
sound-guided stent implantation "* In the 
MATTIS trial, randomization was performed 
after bailout stenting or it the result ol stenting 
was suboptimal "7 Overall, these studies show 
that the combination of aspirin and ticlopidine 
was more ettective than aspirin plus oral anti
coagulants or aspirin alone (Table λ) However, 
oral anticoagulants were started tollowing 
stent implantation and concomitant unfraction-
ated heparin was used until adequate levels of 
anticoagulation were obtained In this setting, 
coumarms might even lead to a transient 
hypercoagulable state due to rapid suppression 
of the anticoagulant activity of protein C rela
tive to the decrease in the level of (actor VII as 
well as other vitamin K-dependent factors *' 
Furthermore, unfractionaled heparin might not 
be effective because it binds to the complex of 
thrombin and fibrin, thereby shielding it from 

inactivation by the hepann-antithrombin com
plex "" Unfractionaled heparin also binds vari
ably to plasma proteins, leading to unstable 
levels of anticoagulation, and it has been 
shown to activate platelets *' ' In contrast, oral 
anticoagulants in the BAAS were started 1 
week before angioplasty In the 35% of the 
BAAS patients who received a stent, oral anti
coagulants reduced the need for acute reinter-
ventions and the occurrence of procedure re 
lated AMI by almost 50% 7" Stable anticoagu
lation with oral anticoagulants might conse
quently be more effective than intravenous un
fractionaled heparin 

Despite its potential advantages, the wide
spread use of ticlopidine has been limited by its 
significant side effect profile, including diar
rhea, nausea, and vomiting, as well as skin rash 
Ticlopidine can also induce neutropenia, bone 
marrow aplasia and thrombotic thrombocy
topenic purpura, which may be fatal in some 
cases " 

In summary, the combination of aspirin plus 
ticlopidine is very effective in preventing 
thrombotic complications after stenting Due to 
the delayed onset of action and especially due 
to its side effect profile, however, ticlopidine 
has been replaced for Clopidogrel in most cen
ters 

Clopidogrel 
Clopidogrel is a new thienopyndine derivative 
chemically similar to ticlopidine Clopidogrel 
is many times more potent than ticlopidine and 
has a more favorable side cllect profile '"4 In 
addition, the onset of action is more rapid than 
that of ticlopidine In one study, significant in
hibition of platelet aggregation appeared 2 
hours after the administration of 400 mg in 
healthy volunteers and atherosclerotic pa
tients '" 

Several observational studies have recently 
suggested that the combination of aspirin plus 
Clopidogrel is as eflective as aspirin plus ticlo
pidine in preventing stent occlusion """ The 
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recently reported Clopidogrel/Aspirin Stent 
International Cooperative Study (CLASSICS) 
trial randomized a selected group of 1,020 pa
tients with successful stent placement to aspirin 
plus two dosages of Clopidogrel (75 mg/day 
orally with or without a 300 mg loading dose) 
or to aspirin plus ticlopidine (250 mg twice 
daily without a loading dose) for 4 weeks. 
Clopidogrel and ticlopidine were first adminis
tered within 6 hours alter stent placement The 
primary end point consisted of major peripher
al or bleeding complications, neutropenia, 
thrombocytopenia, or early discontinuation of 
the study drug due to non-cardiac causes This 
primary end point was reached less often with 
the use of Clopidogrel than with ticlopidine 
(4 6% versus 9 1%, AM) 005) Moreover, the 
loading dose ol Clopidogrel did not lead to more 
side effects The secondary end point, which 
was cardiac death, AMI orTVR within 30 days, 
occurred infrequently and was comparable be
tween treatment groups (0 9% with ticlopidine, 
I 5% with 75 mg/day Clopidogrel alone, 1.2% 
with Clopidogrel 75 mg/day plus a loading dose, 
P=NS for all comparisons) '"" 

The second randomized comparison of 
aspirin plus Clopidogrel versus aspirin plus 
ticlopidine after stenting by Muller et al was 
also designed to study the safety of Clopido
grel "" Among 793 consecutive patients under
going an elective or urgent procedure, 700 
patients were randomized after successful stent 
placement to a 4-week course ot either 
ticlopidine (500 mg loading dose, then 250 mg 
twice daily) or Clopidogrel (75 mg/day without 
a loading dose), in addition to 100 mg aspirin. 
The 3()-day primary end point, consisting of 
non-cardiac death, stroke, severe peripheral 
vascular or hemorrhagic events, or any adverse 
event resulting in discontinuation of study med
ication, occurred in 4 5% ot the patients in the 
Clopidogrel group and in 9.6% of the patients in 
the ticlopidine groups (/^OOl) As in 
CLASSICS, this difference was mainly due to 
more intolerance to ticlopidine Cardiac events 
reflecting stent thrombosis occurred in 3 1% of 
the patients treated with Clopidogrel versus in 

1.7% of the ticlopidine patients (/^NS)."" 
Finally, also the preliminary data from the ran
domized Ticlopidine or Plavix Post-Stent 
(TOPPS) trial showed Clopidogrel (loading 
dose 300 mg, then 75 mg/day) to be as effective 
as ticlopidine (loading dose 500 mg, then 250 
mg twice daily) in a 2-week regimen after 
successful stenting in 1,016 patients1"' In 
conclusion, Clopidogrel seems to be as effective 
as ticlopidine and has fewer side effects One 
has to keep in mind, however, that so 
far the combination of aspirin and Clopidogrel 
(without a GP Ilb/IIIa blocker) has only 
been tested in low-risk patients. Whether 
pretreatment with thienopyndines is more 
effective than when it is started after stenting, is 
discussed in the section 'The Vulnerable Period 
after Stenting' 

In summary, Clopidogrel is as effective as 
ticlopidine and has fewer side effects. A loading 
dose is essential. Although the most appropriate 
duration ot Clopidogrel therapy is unknown, at 
least 2 weeks should be prescribed 

Platelet GP Ilb/IIIa Receptor Blockers 
In the Evaluation of Platelet Ilb/IIIa Inhibition 
in Stenting (EPISTENT) trial, the comple
mentary effects of stenting and abciximab 
were studied."" A total ot 2,399 patients sched
uled to undergo elective or urgent PCI were 
randomly assigned to stent plus placebo, stent 
plus abciximab or balloon angioplasty plus ab
ciximab The primary end point consisted of 
death, AMI, or TVR in the first 30 days. The 
primary outcome occurred in 10 8% of the cas
es in the stent plus placebo group, in 5.3% in 
the stent plus abciximab group (hazard ratio, 
0.48, 95% CI, 0 33-0.69) and m 6.9% in the 
balloon plus abciximab group (hazard ratio, 
0 63; 95% CI, 0 45-0.88) Major bleeding 
complications did not increase with the use of 
abciximab "" Stenting plus abciximab showed 
superiority at 6-month and 1-year follow-up 
Moreover, abciximab induced a modest, but 
significant, reduction of 1-year mortality as 
compared with placebo (1 0% versus 2 4%, 
P=0 037) This reduction was primarily due to 
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the lower death rate in patients with dia

betes "M 

The second placebo-controlled randomized 

trial was the Enhanced Suppression of the 

Platelet Ilb/IIIa Receptor with Integnlin 

Therapy (ESPRIT) trial, in which an almost 

lour times higher dose ot eptifibatide than in 

the IMPACT-II trial was evaluated A total ot 

2064 patients, who were undergoing planned, 

elective stenting of native coronanes were in

cluded and pretreated with aspirin and Clopido

grel Eptifibatide was administered for 18-24 

hours The primary end point consisted ol 

death, AMI, TVR or bailout GP Ilb/IIIa treat

ment at 48 hours The trial was terminated ear

ly lor reason of superior efficacy The results 

showed a 17% reduction ot the primary end 

point from 10 5% in the placebo group to 6 6% 

in the treatment group (P=() 00l ' i) Major 

bleeding was infrequent but higher with eptifi

batide (1 Wc versus ()4c/r, ^ = 0 027) " , In the 

first direct comparison, the effect ol abciximab 

was compared with tirofiban in the do 

Tirofiban And Reopro Give similar Efficacy 

Trial (TARGET) trial This multicenter trial en

rolled 4,812 patients who were undergoing 

stenting Tirofiban was given at the dose previ

ously tested in the RESTORE trial and abcix

imab was given at the dose used in the EPIC tn 

al Al 10 days, the primary composite end point 

of death, AMI and urgent TVR occurred in 

7 (ic/r ol the tirofiban patients and in 6 0% of 

the abciximab patients (ƒ'=() 018) 

Interestingly, in a subgroup analysis, abcix

imab showed even more benefit over tirofiban 

in patients with acute coronary syndromes, 

whereas tirohban showed a trend towards a 

better outcome in patients without acute coro

nary syndromes "* In conclusion, GP Ilb/IIIa 

receptor blockers are very ellective in combi

nation with stenting Abciximab is more effec

tive than tirohban but may not be affordable to 

all patients A direct comparison between the 

less expensive eptifibatide and abciximab has 

not been made Cost aspects may play a role in 

decision making when a choice between the 

various GP Ilb/IIIA receptor blockers has to be 

made 

In summary, platelet GP Ilb/IIIa receptor 

blockers arc very ellective in combination with 

stenting One has to realize however, that this 

combined treatment is expensive and may not 

be affordable to all patients Nevertheless, GP 

Ilb/IIIa receptor blockers should be used, at 

least for high-risk patients 

The Vulnerable Period after Stenting 

Importantly, there appears to be a vulnerable 

period in the first days after stenting, which is 

not fully covered with the currently used 

antiplatelet regime " In the FANTASTIC 

trial, the acute occlusion rate during the first 

day after stenting was higher in the 

antiplatelet group than in the anticoagulant 

group (2 4% versus 0 4c/c, P=Q 06) " Also in 

the ISAR trial, the antiplatelet regimen 

became superior only alter three days of 

treatmentH 4 Furthermore, in the randomized 

comparison between aspirin plus Clopidogrel 

versus aspirin plus ticlopidine by Muller et al, 

six of the nine cases of stent thrombosis in 

both treatment groups occurred before day 

2 ' These studies consequently indicate that 

thienopyndines should be started several 

days before intervention This thesis was also 

suggested by non-randomi/ed data ' '"* In the 

EPISTENT trial, ticlopidine was started 

before stenting in 58% of the patients Among 

patients randomized to placebo, the incidence 

ol the combined end point ot death AMI 

or urgent revascularization at 10 days was 

sigmlicantly lower for patients who had 

received ticlopidine belore the procedure, as 

compared with those who had not (8 9% 

versus 114%, P={) 01) Pretreatment with 

ticlopidine, however, had no influence on 

the combined end point at 10 days among 

patients randomized to abciximab 

Ticlopidine pretreatment, irrespective ot the 

treatment group, was not associated with 

an increase in bleeding complications 

Addition data suggested that ticlopidine 

should be started at least three days belore 

stenting to prevent complications ' * Also for 

Clopidogrel, pretreatment seems to be 

ellective In the Clopidogrel in Unstable 
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angina to prevent Recurrent Events (CURE) 
trial, > 12,000 patients presenting with symp
toms suggestive of an acute coronary syn
drome were randomized to Clopidogrel or 
placebo This trial showed a 20'% relative re
duction in the composite end point ol death, 
AMI or stroke after 12 months '"" Subgroup 
analysis showed that there was a consistent 
benefit o! Clopidogrel across all groups, in
cluding the group of patients who had to un
dergo PCI during follow-up 

In summary, thienopyndines should be 
started before stenting Although the optimal 
duration of pretreatment is unknown, starting 2 
days belore the procedure with a loading ol 300 
mg followed by 75 mg/day seems sufficient, 
considering the rapid onset of action of 
Clopidogrel 

Bleeding Complications after Stenting 
In the ISAR, FANTASTIC, MATTIS and 
STARS studies, bleeding and groin complica 
lions occurred less often in the patients treated 
with antiplatelet therapy than in the patients 
treated with oral anticoagulation and heparin 
Depending on the definitions used, the inci
dence of bleedings ranged from I 2% in ISAR 
to 13 Wc in FANTASTIC for patients treated 
with antiplatelet therapy and from 6 IVc in 
STARS to 2\c/c in FANTASTIC in the antico
agulant groups " " The higher complication rate 
in the oral anticoagulant groups may be partly 
due to the continuation of unfractionated 
heparin for several days following stenting 
awaiting a stable level of anticoagulation with 
oral anticoagulants In the BAAS, oral antico
agulant prclrcalment obviated the need for post-
PCI heparin The complication rate in this 
study, including false aneurysms was again 
higher in the anticoagulation group (3 2% ver
sus 1 0%, ^=0 02) but far lower than in the pre
vious trials,'""*7 

In the EPISTENT trial, abuximab did not 
increase the rate of major bleeding, but minor 
bleedings were increased (2 9c/c versus 
1 7%) " ' Data from the ESPRIT trial show that 

eptif ibatide increases the risk of major and mi
nor bleedings, but the incidence remains low 
(major bleeding 1 3%) m 

Patient Selection in Stent Trials 
We should realize that most of the aforemen
tioned trials do not describe the real world, as 
these studies only included patients with a suc
cessful stent placement, thus excluding patients 
in whom a stent could not be placed or where 
suboptimal results were obtained Furthermore, 
differences exist in the definition of the end 
points that were used in these trials For exam
ple, both shortcomings occurred in the STARS 
trial »', in which 312 (15 9%) of the 1,965 en
rolled patients did not meet the angiographic 
criteria for 'optimal stenting' and were subse
quently analyzed in the STARS Suboptimal 
Stent Registry "' The combined 30-day end 
point comprised death or Q-wave infarction and 
occurred in 3% of the registry patients com
pared with 2 2% of the randomized patients 
(P=NS) The primary end point did not include 
non-Q-wave infarction, which was far more 
frequent in the registry patients (8 7% versus 
4 2%, P=0 003) In addition, the mortality rate 
was significantly higher in the registry part of 
the study (1 1% versus 0 06%, /M) 009) 
Eleven patients in the same group were referred 
directly from the cardiac catheterization labora
tory for emergency bypass surgery, and one pa
tient died during stenting These 12 patients 
were excluded Irom analysis If these 12 pa
tients had been included, the 30-day event rate 
in the registry would have increased lo more 
than 7% "" 

Intracoronary Brachytherapy 

Restenosis is the main limiting factor of the laic 
success of balloon angioplasty Restenosis is 
due to intimai proliferation and, in particular 
due to recoil and remodeling Stents have 
reduced the restenosis rate by eliminating recoil 
and remodeling However, stents enhance inti 
mal proliferation, leading to in-stent restenosis 
in about one-fifth of the patients In-stent 
restenosis is very therapy resistant ' ' 
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Intracoronary brachytherapy, both beta and 
gamma-radiation, hds recently been proven to 
be more effective than balloon dngiopldsty 
alone in treating in-stent restenosis "'"" With 
respect to thrombotic complications, however, 
an alarming higher incidence of late myocardial 
infarctions wds noted after brachytherapy m '" 
It is speculated that this higher late thrombosis 
rate is due to a delayed reendothehalization 
alter radidtion A recent review ol rdndomized 
and non-randomized studies, reported a late 
thrombosis rate after brachytherapy 9 1%, as 
compared with 1 2% after conventional treat
ment "7 Further analysis showed that the com
bination of brachytherapy and a new stent is 
especially prone to late thrombosis "* In these 
initial trials, the combination of aspirin plus a 
thienopyndme was given for 2-8 weeks " J '" 
Data from two registries (Scnpps Coronary 
Radiation to Inhibit Proliferation Post-Stenting 
|SCRIPPS]-III and Washington Radiation for 
In-stent restenosis Trial [WRIST-Plus|) as well 
as from preliminary data from the large ran
domized BETA-CATH System trial, however, 
show low late thrombosis rates when the use of 
antiplatelet therapy was extended to 6-12 
months "" ' The combined use of aspirin and 
Clopidogrel should therefore be continued for a 
minimum of 6 months after brachytherapy, and 
for 12 months if a new stent is implanted ,", 

Conclusions 

All patients undergoing PCI should be pretreat-
ed with aspirin A high-dose bolus aspirin 
several hours before the procedure in combina
tion with low-dose daily aspirin seems to be op
timal During PCI, unlraclionatcd heparin 
dosed to an ACT of ^50 sec is advised LM WHs 
have shown promising results, but we have to 
wait for randomized trials before replacing un-
fractionated heparin during PCI The combina
tion ol aspirin and heparin is olten insullicienl, 
especially for patients at high risk for ischemic 

events For these patients, additional GP 
Ilb/IIla-receptor blockers are useful Oral anti
coagulant prelreatment may be an inexpensive 
alternative to the GP Ilb/lIIa receptor blockers 
The placement of a stent should always be an
ticipated Therefore, patients should be pre-
treated with Clopidogrel in addition to aspirin 
For patients at high risk for thrombotic compli
cations after stenting, additional GP Ilb/IIIa re
ceptor blockers should be administered 

Part i i 

Restenosis 
Mechanisms of Restenosis after Balloon 
Angioplasty 
Restenosis is the main limiting factor of the late 
success of balloon angioplasty The patho
physiology of restenosis is very complex and 
has as yet not been fully clarified There are two 
processes known, that play a major role in the 
development of restenosis First, the Response-
lo-Injury process Animal studies have shown 
that the smooth muscle cells in the media re
main non-proliterative and contractile by 
growth-inhibiting factors such as produced by 
intact endothelium The combination of en
dothelium damage and factors from, for exam
ple, activated platelets (such as platelet-factor-
4), makes the smooth muscle cells sensitive to 
growth-inducing factors Among others, 
platelets and recruited monocytes in the mural 
thrombus and damaged vascular wall, secrete 
several growth and chemotactic factors (such as 
the platelet-denved-growlh factor) These fac
tors prompt smooth muscle cells to divide and 
migrate to the injured intima where uncon
trolled production of extracellular matrix takes 
place forming a large part of the restenosis ' ' " 
In this process, mural thrombus is not only a 
stimulus for cell proliferation It also undergoes 
organization by in-growlh of monocytes Irom 
the blood stream and smooth muscle cells from 

ERASER = Evaluation ol Rcopro And Stcntmg lo Eliminale Restenosis EXC ITE = The Evaluation ol Oral Xemilotih in in 

Controlling Thrombotic Evenis POLONIA = Polish American Local Levinox NIR Assessment 
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TABLE 4. The Effect of Aspirin on Restenosis after Balloon Angioplasty 

Restenosis 

Reference 

White et al » 

Schwartz et al.' 

Chesebro et al.3 

Taylor et al'50 

Savage et al'52 

(n=333) 

J (n=376) 

' (n=207) 

(n=216) 

(n=752) 

FU-angio' 

Drug (mg/day) 

ASA 650mg+dipyridamole 225mg 

ASA 650mg+ticlopidine 750mg 

or placebo 

ASA 330mg+dipyridamole 225mg 

or placebo 

ASA 975mg+dipyridamole 225mg 

or placebo 

ASAIOOmg 

or placebo 

ASA 325mg 

sulotroban 4000mg 

or placebo 

OCA (+/-)• 

176(+) 

249 (+) 

171 (+) 

212 (-) 

503 (+) 

angiographic1 clinical' 

33% 

39% 

25% 

37 7% 

38.6% 

1 33±0 0 5 " 

1 34±0 04 

35% 

43% 

39% 

53% 

43% 

30%* 

44% 

4 1 % 

a = number of patients that underwent follow-up angiography b = the angiogram was assessed by quantitative analysis (+) = yes, (-) = no c = a patient 

was defined as having restenosis if de stenosis at follow-up measured more than 50% of the luminal diameter d = Minimal Luminal Diameter 

measurement (mm) e = clinical restenosis death, non-fatal acute myocardial infarction, remtervention * = a significant difference versus placebo, P=0 046 

the media. Thrombi may be gradually incorpo
rated in the plaque, which causes growth of the 
stenosis.12'""' Although the human restenosis 
process is known in less detail, many human 
studies support the experimental animal 
process.1""2 In addition, atherectomy species 
from humans show similar fibrous extracellular 
matrix and organized thrombus weeks or 
months after PCI as was seen in animal 
species.17 n1l,4 

The second process leading to restenosis is 
recoil and remodeling. The vessel wall has a 
tendency to recoil after balloon angioplasty, 
which may lead to significant loss of lumen in 
minutes to days.'" Furthermore, recent 
studies, in which an essential role is played by 
intravascular ultrasound (IVUS), are question
ing the role of plaque and media growth as the 
most important cause for restenosis. These 
studies suggest that cell proliferation always 
occurs after vascular damage but that the 
amount and direction of vascular wall 

remodeling - a process of compensatory va
sodilatation or pathological shrinkage - in 
most part determine the occurrence of resteno
sis.116"7 The lower restenosis percentage with 
stents can be attributed to the lack of patho
logical shrinkage. 

The role of coronary thrombosis and the 
potential counter balance by antithrombotic 
therapy in the above-mentioned processes is 
not clear. Comprehensive descriptive studies 
suggest that restenosis occurs more often in 
patients with unstable angina - plaque throm
bosis plays an essential role here - than in pa
tients with stable angina.""142 Other studies, 
however, show a comparable restenosis per
centage in the unstable and the stable 
groups.22 "" Studies assessing angiographic 
restenosis are also contradictory. Hirschfeld 
and colleagues found a comparable restenosis 
percentage in 51 lesions with thrombus as 
compared with 546 lesions without throm
bus.'J4 In contrary, Violaris and colleagues 
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found more restenosis (43 19f) in 160 lesions 
with angiographic thrombus than in 3423 le
sions without thrombus (34 4%) '^ However, 
angiography appears to be not sensitive 
enough to detect thrombus Direct comparison 
between angiography and angioscopy showed 
that more than 50% of the thrombi are missed 
with angiography ,"71" Using the more sensi
tive angioscopy, Bauters and colleagues 
demonstrated in 117 consecutive patients that 
the patients with mural thrombosis had a sig
nificantly higher restenosis rate (65% versus 
38%) l47 Feld and colleagues found that angio-
scopic plaque rupture and thrombus formation 
after intervention were independently associ
ated with an adverse 1-year outcome These 
features were not identified by either angio
graphy or IVUS J" 

Late Effects of Antiplatelet and 
Anticoagulant Therapy after 

Balloon Angioplasty 
Aspirin (acetylsalicylic acid) 
Whether aspirin has any late effect after balloon 
angioplasty is as yet unknown Neither of the 
three aforementioned prospective placebo-con
trolled studies (see section 'Antiplatelet and an
ticoagulant therapy to prevent abrupt vessel 
closure in balloon angioplasty') nor the study 
by Taylor et al is comprehensive enough to 
show a difference of 25% in restenosis rale with 
a power of 0 8 (Table 4) " ,4 u"" 'A meta-analy
sis of these studies including 608 patients 
showed a non-significant reduction of resteno
sis (14-19%) in the aspirin group '̂  In addition, 
in the Multi-Hospital Eastern Atlantic 
Restenosis Trial (M-HEART II), aspirin was 
significantly more effective than placebo in the 
prevention of non-fatal AMI and clinical 
restenosis However the angiographic resteno
sis rate was not reduced in this study (Table 
4) ls An additional reason lor using aspirin is 
that this drug is effective as secondary preven
tion in coronary artery disease '" Therefore, 
life-long usage is advised 

In summary, aspirin is not only essential to 

prevent acute complications during balloon 
angioplasty but is probably also beneficial late 
after intervention 

Heparin 
Both unfractionated heparin and LMWHs 
have shown anti-prolilerative activity in 
animal models Several anticoagulation regi
mens have been tested in patients undergoing 
balloon angioplasty Unfractionated heparin 
was given intravenously for 18-24 hours as 
well as subcutaneously for 4 months, both 
started after successful balloon angioplas
ty"41" Long-term LMWHs were started 
before and after balloon angioplasty '" '" 
None of these regimens has proven to be 
efficacious in preventing clinical events or 
restenosis after balloon angioplasty 

In summary, neither unfractionated heparin 
nor LMWHs have shown any late effect on clin
ical events or restenosis after balloon angio
plasty 

Direct Thrombin Inhibitors 
In the HELVETICA and Hirulog Angioplasty 
Study, neither hirudin nor hirulog increased 
event-free survival or reduced the restenosis 
rate 7 1] However, hirudin is not an inhibitor of 
thrombin production Therefore, soon after 
cessation of the trial medication (1-4 days) 
thrombin activity is anticipated Furthermore, 
in order to reduce restenosis, probably longer 
anticoagulation is needed to passivate the 
thrombotic substrate 'Nl M Also, in humans it is 
shown that after plaque rupture, activation of 
the coagulation mechanisms persists for a long 
time " 

In summary, the direct thrombin inhibitors 
have probably been given for a too short period 
alter balloon angioplasty to convey any effect 
on late outcome 

Platelet GP Ilb/IIIa Receptor Blockers 
II platelets play a role in the occurrence of late 
events and especially in the restenosis 
process, particularly patients undergoing PCI 
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for an unstable ischemic syndrome would 
benefit from powerlul antithrombotic thera
py In the EPIC study, abciximab indeed im
proved the long term outcome in high risk 
patients undergoing balloon angioplasty 
After six months, a 2λ% reduction in the com
posite end point of death, AMI or any revas
cularization was noted This improvement 
was mostly due to less revascularizations, 
which suggests a decrease in restenosis " 
However, abciximab did not reduce the rein-
tervention or angiographic restenosis rate in 
any of the other abciximab intervention stud
ies mentioned in Table 2 ' 74 A possible expla
nation lor these contradictory results could be 
the differences in inclusion criteria In the 
EPIC trial patients with a very high 
probability for coronary thrombosis were 
included7', whilst this group was excluded in 
the EPILOG trial7 4 The CAPTURE trial, 
however refutes this theory, as there was no 
reduction of the revascularization rate in the 
abciximab group despite the fact that only pa
tients with refractory unstable angina were 
included ' Another explanation might be 
found in the duration of abciximab inlusion 
as in the CAPTURE trial abciximab was dis
continued as early as one hour alter angio
plasty, whereas it was continued for 12 hours 
after PCI in the EPIC trialh " 

In summary, there is only scarce evidence 
that suggests that the GP Ilb/llla receptor 
blockers reduce the late reintervention rate 
after balloon angioplasty Angiographic 
restenosis is not reduced 

Oral Anticoagulants 
In the early years of coronary intervention 
two small studies were conducted which con
cluded that oral anticoagulants were not more 
eftective than aspirin after balloon angioplas
ty However, these trials were hampered by 
serious shortcomings Thornton et al random
ly assigned 248 patients to aspirin or 
Coumadin for six months Patients with acute 
complications during balloon angioplasty 
were excluded and Coumadin was started a! 

ter intervention In this study 74% of the pa
tients used the Coumadin regularly, whilst in 
only ^5% of the patients an adequate pro
thrombin time was achieved Unlorlunately, 
clinical events were not reported '" An addi
tional study by Urban et al included only 110 
patients Also in this study, Coumadin was 
started alter successful balloon angioplasty 
No information on compliance and adequacy 
ol anticoagulation was given ""' These small 
numbers ol patients with inadequate antico
agulation therapy do not allow proper judg
ment ol the role of oral anticoagulants in PCI 
Furthermore, these studies probably lack the 
essential timing of anticoagulation in relation 
to PCI A preventive effect on restenosis may 
only be anticipated it oral anticoagulants are 
started before PCI, thus before intervention 
induces damage to the vessel wall and throm
bus formation may lead to acute complica
tions and restenosis Garachemam et al re
cently studied 196 patients (of whom 35% re
ceived a stent) who were randomized after 
uncomplicated balloon angioplasty to the 
treatment with aspirin alone or to 12-24 hours 
of heparin inlusion and oral anticoagulation 
lor six months At six months there was no 
difference in the restenosis rate between the 
two groups ^ In contrast to the previous tn 
als, in the BAAS, oral anticoagulants were 
started before intervention This approach re
sulted in a mean INR ol 2 7±1 1 at the time of 
the procedure and the INR was within the tar
get range in 82% of the follow-up time This 
level ot anticoagulation significantly im
proved the I-year survival free of AMI, TVR 
or stroke 14 1% versus 20 ~Ί% (relative risk, 
0 71, 95% CI, 0 54-0 93) Furthermore, oral 
anticoagulants resulted in a trend towards a 
lower TVR rate 10 6% versus 14 3% (rela
tive risk, 0 74, 95% CI, 0 54-1 03) 7 ' 

In summary, oral anticoagulant therapy 
started before balloon angioplasty not only re
duces acute complications but also improves 
late clinical outcome 

Mechanisms of Restenosis after Stenting 
Autopsy studies have shown that in the early 
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phase predominantly thrombotic material is 
observed at the site of stenting, followed by 
the invasion of smooth muscle cells and 
inflammatory cells with the production of ex
tracellular matrix. As the amount of extracel
lular matrix increases, fewer smooth muscle 
cells are present and about 3 months after 
stenting a neo-endothelium is formed. In this 
process a role for organization ot the mural 
thrombus is suggested ^ "'" When neointimal 
growth is excessive, in-stent restenosis 
develops The incidence ot restenosis depends 
on several characteristics such as vessel size, 
length of the stent and presence of diabetes 
mellitus In daily practice, in-stent restenosis 
occurs more often than described for "ideal le
sions" such as in Benestenl-II (restenosis 
ratel6%).2 

Late Effects of Antiplatelet and Anticoagulant 
Therapy after Stenting 
Aspmn, Ticlopidme andOialAntitoagalants 
To date, only one trial compared the effects of 
antiplatelet therapy and oral anticoagulants 
with regards to angiographic restenosis in a set
ting of routine stenting Kastrati et al (ISAR 
substudy) randomized 432 stented patients ei
ther to the combination ot aspirin plus ticlopi-
dine or to aspirin plus Coumadin started after 
stenting with overlapping unfractionated he
parin. At six months, no difference was found in 
the restenosis rate between the antiplatelet 
group and the oral anticoagulation group "'9 In 
BAAS, pretreatment with oral anticoagulants 
did not reduce the incidence of target-lesion 
revascularization in the subgroup of 369 
patients that were treated with a stent Of these 
stented patients, only 178 patients were ran
domized to undergo an angiographic follow-up 
study at six months In this underpowered sub
group there was also no effect of oral anticoag
ulant pretreatment on angiographic restenosis7' 

Platelet GP Hb/IIIa Receptor Blockers and 
Ticlopidine 
The effect of abciximab, administered for 12 or 24 
hours, was studied in 215 patients in the placebo-
controlled ERASER study Neither quantitative 

coronary angiography nor IVUS measurements 
showed any benefit in the reduction of in-stent 
restenosis in the abciximab groups l7" The find
ings in the ERASER study are concordant with 
those in the EPISTENT angiographic substudy 
showing no significant effect on MLD at 6 months 
between the stent plus placebo group and the stent 
plus abciximab group ' Only in the subgroup of 
diabetic patients in the EPISTENT trial, the com
bination of stenting and abciximab resulted in a 
significantly lower restenosis rate than stenting 
alone ' Multivariate analysis of the EPISTENT 
data identified ticlopidine pretreatment as an in
dependent predictor ot the need for TVR at 1 year 
(hazard ratio, 0 62, 95% CI, 0 43 - 0 89),"7 

One possible explanation tor the greater benefit 
of ticlopidine pretreatment compared with 
abciximab tor preventing restenosis might be 
due to the difference in antiplatelet effects GP 
Ilb/IHa receptor blockers do not prevent the 
activation of platelets and the subsequent 
release of growth and mitogenic factors that have 
been postulated to mediate restenosis In contrast, 
ticlopidine prevents ADP-related recruitment and 
activation of platelets "" 

EXCITE is the first randomized, placebo-
controlled trial to study the effect of an oral GP 
Ilb/IIIa receptor blocker on late outcome after 
PCI.171 A total of 7,232 patients at high risk for 
ischemic events were assigned to 20 mg of oral 
xemilofiban or placebo 30 to 90 minutes be
fore PCI, with maintenance doses of 10 or 20 
mg three times daily for up to 6 months. 
Among patients in whom stents were implant
ed (about 70%), those in the placebo group 
also received ticlopidine, 250 mg twice daily 
for 14-28 days, and those in the xemolifiban 
groups received a placebo Death, myocardial 
infarction, or urgent revascularization occ
urred within 182 days in 13 5% of the 
patients in the placebo group, in 13 9% of the 
10 mg xemolifiban group, and in 12.7% in the 
group that received 20 mg of xemilofiban 
(P=NS for all comparisons) The incidence ot 
death or myocardial infarction was also simi
lar in all three groups l71 

In summary, none of the antithrombotics 
tested reduced in-stent restenosis except for 
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abciximab in diabetics. 

Low Molecular Weight Heparin 

Recently, it was shown that enoxaparin reduces 

in-stent restenosis when given through a 

balloon delivery system during predilation 

before stenting in the POLONIA Study.172 One 

hundred patients undergoing stenting were ran

domly assigned to local administration of 

enoxaparin with reduced systemic hepanmza-

tion or to standard systemic heparinization. 

Angiographic restenosis as well as TVR were 

significantly lower in the local enoxaparin 

group as compared with the conventionally 

treated group." : This positive result in the 

POLONIA trial might be explained by both the 

ability to deliver a high dose of enoxaparin at 

the injured vessel site and to contain the drug in 

the vessel wall with the use of a stent. The 

results in this small study are consistent with the 

hypothesis that restenosis can only be reduced 

when anticoagulation is present before 

thrombus formation can take place and when a 

sufficiently high dose is maintained for some 

time. 

Conclusions 

After successful percutaneous coronary 

intervention, patients should receive life-long 

aspirin and possibly oral anticoagulants for 

several months, provided the anticoagulants 

were started early before the procedure. After 

stenting, patients should be treated with 

Clopidogrel 75 mg/day for 2 to 4 weeks. 

Additional GP Hb/IIIa-receptor blockers do not 

influence the late outcome after PCI. 

Anticoagulation may reduce restenosis when an 

optimal level is obtained during and after 

intervention. 
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Chaprei "Ί 

Effect of Coumarins Started Before Coronary Angioplasty on Acute 
Complications and Long-term Follow-up: a Randomized Trial 

Background - Coronary angioplasty frequently creates a thrombogenic surface, with subsequent 
mural thrombosis that may lead to acute complications and possibly stimulates the development of 
restenosis Whether coumarins can prevent these complications is unclear The objective of this open, 
randomized trial was to assess the clinical effect ol coumarins started before coronary angioplasty 
and continued for 6 months 

Methods and Results - Before coronary angioplasty, 530 patients were randomly assigned to as
pirin plus coumarins and 528 patients to aspirin alone At the start of the angioplasty, the mean in-
lemational normalized ratio was 2 7±I 1, during follow-up, it was 3 0±1 1 At 30 days, the compos
ite end point of death, myocardial infarction, target-lesion revascularization and stroke was observed 
in 18 patients (3 4%) treated with aspirin plus coumarins as compared with 34 patients (6 4%) treat
ed with aspirin alone (relative risk, 0 53, 95% CI, 0 30-0 92) At one year, these figures were 14 3% 
and 20 3%, respectively (relative risk, 0 71, 95% CI, 0 54-0 93) The incidence of major bleeding 
and false aneurysm during hospitalization was 3 2% and 1 0%, respectively (relative risk, 3 39, 95% 
CI, 1 26-9 11) The benefit of coumarins was observed in both slented and nonstented patients 

Conclusions - Coumarins in addition to aspirin started before PTCA and continued for 6 months 
was more effective than aspirin alone in the prevention of acute and late complications after coro 
nary angioplasty This benefit was accompanied by a small but significant increase in bleeding com
plications 

Key Words • coronary angioplasty • coumarins • anticoagulants 
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Coumanns Started Before PCI 

Percutaneous transluminal coronary angio
plasty (PTCA) has two major drawbacks: 

acute vessel closure' and restenosis.2 PTCA dam
ages the vessel wall, creating a thrombogenic 
surface. The subsequent formation of a mural 
thrombus plays a pivotal role in acute occlusion14 

and possibly also in late restenosis after PTCA."' 
The routinely used combination of heparin and 
aspinn reduces the formation of mural thrombi 
during angioplasty but is unable to abolish it 
completely.7 "Thus, additional suppression of the 
thrombotic process could improve prognosis. 

Oral anticoagulant therapy reduces the risk 
for recurrent ischemic events after myocardial 
infarction and after unstable angina.91" This 
suggests that coumarins can inhibit the forma
tion of an occlusive thrombus at a throm
bogenic surface. To reduce thrombotic compli
cations during PTCA and possibly restenosis, it 
is probably mandatory that the level of antico
agulation already be adequate at the start of the 
procedure. Therefore, the oral anticoagulant 
treatment should be started well before PTCA. 

To test this hypothesis, we conducted a ran
domized trial to assess the effect of coumarins 
started before PTCA and continued for six 
months on the early and 1-year outcome: the 
Balloon Angioplasty and Anticoagulation 
Study (BAAS). 

Methods 

Patients 
Patients with symptomatic coronary artery dis
ease planned to undergo PTCA were eligible. 
Exclusion criteria were acute myocardial in
farction within 24 hours before PTCA, current 
use of oral anticoagulants, contraindications to 
coumarins or aspirin, target lesion in a bypass 
graft, unwillingness or inability to provide writ
ten informed consent to participate in the trial. 
The study was carried out according to the prin
ciples of the Declaration of Helsinki and was 
approved by our institutional ethics committee. 

Randomization 
Patients were randomized by an independent 
telephone service to aspirin alone (ASA group) 

or to aspirin plus open coumarin treatment 
(coumarin group). The aim was to randomize 
patients with stable angina at least 1 week prior 
to PTCA and patients with unstable angina a 1 
day before PTCA. 

Medication 
Coumarins were started before PTCA and con
tinued for 6 months. The target prothrombin 
time was 2.1-4.8 international normalized ratio 
(INR) at the start of the procedure and during 
follow-up. This target range was based on the 
results obtained in other trials."" All patients 
were given aspirin (loading dose, 300 mg, dai
ly 100 mg) a 24 hours before PTCA. Heparin 
was used only during PTCA: 10,000 units 

TABLE 1. Clinical Characteristics of the Patients 

Age, yr 

Male sex, % 

Risk factors, % 

Diabetes 

Hypertension 

Total cholesterol > 5 mmol/l 

Cholesterol lowering therapy 

Smoking in preceding half year 

Clinical features, % 

Previous myocardial infarction 

Previous angioplasty 

Previous stroke 

Angina class (CCS) 

1 
II 
III 
IV 
IV and ST-T changes 

No of diseased vessels, % 

1 
2 
3 

Ejection fraction < 50%, % 

ASA 
group 

(n=528) 

59 9±10 2 

79 6 

87 
22 3 

72 2 

29.5 

31.6 

38.1 

161 
25 

21 
29 9 

44 7 

23 3 

11.7 

67 6 

29 9 

2.5 
18.2 

Coumarin 

group 

(n=530) 

60 3±9.8 

75.5 

9.6 
20.0 

76 4 

29 2 

30 8 

39 8 

138 
1 5 

1 1 

30.0 

45.7 

23.2 

11.7 

67 0 

30 8 

1.9 
174 

CCS indicates Canadian Heart Cardiovascular classification 

Continues variables are mean ± SD 
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TABLE 2. Angiographic Characteristics of The Treated Lesions 

Target vessel, % 

Left anterior descending 

Left circumflex 

Right coronary artery 

Left mam coronary artery 

Restenotic lesion, % 

Ostial location of lesion, % 

Bifurcated lesion, % 

Moderate or severe calcification % 

Angulation > 45 degrees, % 

Eccentric lesion, % 

Occluded lesion, % 

Lesion length, mm 

>10mm, % 

Stenosis, % of luminal diameter 

Balloon size, mm 

Maximal inflation pressure, atm 

Number of lesions treated per patient 

ASA 
group 

(n=751) 

45 3 

23 0 

31 6 

01 
45 
148 
88 
22 9 

213 
66 9 

53 
11 7±6 3 

64 0 

80 5±12 4 

3 06±0 45 

12±3 3 

1 4 

Coumann 

group 

(n=778) 

47 8 

22 0 

29 9 

03 
73 
148 
80 
24 2 

21 1 

68 5 

72 
12±6 2 

581 
79 6±12 5 

3 05±0 45 

12±3 4 

1 5 

Continues «ariables are mean ± SD P=NS for all comparisons 

immediately before and 5,000 units every hour 
during the procedure. Ticlopidine became 
available in the Netherlands during the trial pe
riod Since then, when a stent was placed, it was 
lelt lo the discretion of the operator to start 
ticlopidine (loading dose, 500 mg, followed by 
250 mg twice a day tor 4 weeks) When ticlopi
dine was given to patients randomized to 
coumarms, the oral anticoagulants were discon
tinued. 

Procedure 
Patients with unstable angina were "cooled-
off" with aspirin and heparin, whenever possi
ble, before PTCA It was the aim to obtain an 
INR in the target range before the procedure, 
but this was not a prerequisite to perform 
PTCA. A policy of provisional stenting was 
used. Arterial sheath removal was identical for 
the two groups: on the same day if the PTCA 
was performed in the morning, and the next 
morning if the PTCA was perlormed in the al-
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tcrnoon. Routine assessment ot the intensity of 
anticoagulation before sheath removal was not 
performed. Groin compression was done with 
a mechanical device for at least 1 hour and with 
a pressure bandage during bed rest for 12 
hours 

Definitions and End Points 
A residual stenosis less than 30 percent was 
considered an angiographic success. 

The primary end point was the composite of 
death, myocardial infarction, target-lesion revas
cularization and stroke at 1 year Acute myocar
dial infarction was defined as prolonged chest 
pain with new Q-waves ot a 0.04 seconds in a 2 
5 contiguous leads or a new left bundle branch 
block, or a rise in creatine Phosphokinase (CPK) 
to a 3 6 times the normal upper limit after the 
procedure or to > 2 times during follow-up The 
ECG and CPK were evaluated before and imme
diately after PTCA as well as the next day Stent 
occlusion was based on a TIMI flow grade of 0 
or 1 at angiography. Reintervention was based on 
both angiographic restenosis and recurrent chest 
pain with ECG or scintigraphic evidence of is
chemia Strokes were based on imaging as well 
as neurologic evaluation and classified as is
chemic or hemorrhagic In the absence of imag
ing, stroke was classified as hemorraghic 

The primary safety end point comprised 
major bleeding (defined as leading to hospital
ization and/or death), blood transfusion or sur
gical intervention, and vascular groin compli
cations Minor bleeding was delined as leading 
to discontinuation of the study medication with
out hospitalization Duplex ultrasonography of 
the groin was performed when a hematoma de
veloped or when a false aneurysm or fistula was 
suspected. 

Events were reviewed at regular intervals 
by a salety committee, which was blinded to the 
patients' study medication 

Follow-up 
All patients were seen in outpatient clinics and 
contacted by telephone Patients with coumann 
treatment were referred to a regional thrombo
sis service lor INR monitoring 
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Time Spent in INR Categories 
For each patient, the time spent in 4 pre-defined 
INR categories (< 2.1; 2.1 to 4.8; > 4.8, and 
"missing") was estimated until discontinuation 
of coumarins or until an event occurred. The 
numbers of days spent in these INR categories 
were estimated by using the linear interpolation 
method." 

Power Calculation 
Assuming a rate of clinical end points in the 
control group of 30%'; " a reduction to 25% by 
the use of coumarins, and values of a=().()5 and 
ß=0.8, almost 500 patients per group were re
quired. Because we anticipated 5% of partici
pants to have an unsuccessful PTCA or incom
plete follow-up, a required total of 530 patients 
per group was calculated. 

Statistical Analysis 
The analysis was by intention to treat. The 2 
groups were compared by Student's t test for 
continuous variables and the χ : test, or when ap
propriate, Fisher's exact test for discrete vari
ables. Discrete variables were compared in 
terms of relative risks with 95% CIs. Event-free 
survival was calculated by means of the 
Kaplan-Meier method. Differences in survival 
times were assessed by the log-rank test. A val
ue of P<0.05 was considered significant. 

Results 

Patient Population 
From March 1996 to November 1997 a total of 
1354 eligible patients were referred for PTCA. 
Of these, 253 patients with "Benestent-I-like 
indications" were included in other trials. 
Twenty-two patients refused to participate. 
Twenty-one randomized patients (9 ASA and 
12 coumarin) were excluded from analysis for 
the following reasons: regression of the target 
lesion to < 50% of the luminal diameter (9 pa
tients), preferred medical treatment (3), pro
gression necessitating CABG (7) and aspirin al
lergy not known at the time of randomization 
(2). The clinical (Table I) and angiographic 
(Table 2) baseline characteristics of the 2 

groups were comparable. Approximately 25% 
of the patients were hospitalized before PTCA, 
and 12% had been admitted for unstable angina 
with ST-changes and were "cooled-ofF' with 
aspirin and heparin before PTCA (Table I). 

In 34.4% of the patients, coumarins was 
started > 1 week, in 83.5% > 3 days, and in 4.5% 
only 1 day before the procedure. At the start of 
the angioplasty, the mean INR was 2.711.1. In 
7 patients, the INR data were missing. 

Procedural Outcomes 
Stents were placed in 35.5% of the ASA and 
34.1 % of the coumarin patients. The baseline 
characteristics of the stçnted patients did not 
differ significantly in the 2 groups (Table 3), ex
cept for the use of ticlopidine. In 54% of the 
stented ASA patients, ticlopidine was added to 

TABLE 3. Clinical and Angiographic Characteristics of the 

Stented Patients 

Age, yr 

Risk factors, % 

Diabetes 

Hypertension 

Total cholesterol > 5 mmol/l 

Smoking in preceding half year 

Previous myocardial infarction, % 

Angina class III or IV (CCS*), % 

Ejection fraction < 50%, % 

Total number of stented lesions 

Left anterior descending, % 

Calcification, % 

Angulation > 45 degrees, % 

Length, mm 

Stenosis, % of luminal diameter 

Maximal inflation pressure, atm 

Stents for dissection, % 

Bail-out stentmg, % 

Number of stents per lesion 

Total stent length, mm 

CCS indicates Canadian Heart Cardiova 

ASA 
group 

(n=1B8) 

59 4+10 2 

95 
218 
69 7 

34.6 

39 9 

68.1 

197 
222 
46.8 

198 
22 5 

12 8±61 

80 5±12.9 

16±3.8 

42 3 

261 
1 12 

20 81 ±9.8 

scular classifK 

Coumarin 

group 

(n=181) 

59 9±10 2 

88 
23 8 

77.9 

33 7 

40.3 

71.9 

166 
224 
46 4 

26 3 

20 5 

11 8±5 8 

79 5±11 5 

16±3 6 

531 
22 8 

1 08 

19 84±7 8 

ation 

Continues variables are mean ± SD P=NS tor all comparisons 
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the medication, and in 12% of the stented 
coumarin patients, the oral anticoagulants were 
substituted by ticlopidine. None of the patients 
received a platelet glycoprotein (GP) Ilb/IIIa-
receptor blocker. 

30-Day Outcome 
The mean time interval from randomization to 
PTCA was 11.8 days in the coumarin group and 

12 4 days in the ASA group (P=0.9) There were 
no adverse events before the initial PTCA The 
angiographic success rate was 99% in both 
groups In the coumarin group, 2 patients 
(0 4%) died. 1 ot procedure-related myocardial 
infarction and 1 ol hemorrhagic stroke In the 
ASA group, 3 patients (0.6%) died: 1 ol multi-
organ failure caused by cholesterol emboli, 1 of 
procedure-related myocardial inlarction de-

TABLE 4. Procedural Outcomes and Clinical Events 

Early primary end points (0-30 days) 

Death 

Myocardial infarction 

Q-wave 

Non-Q-wave CPK > 3-5x 

Non-Q-wave CPK > 5x 

Acute coronary bypass grafting 

Acute repeat angioplasty 

Stroke 

Any event 

Late primary end points (30-365 days) 

Death 

Myocardial infarction 

Target-lesion revascularization 

Target-lesion coronary bypass grafting 

Target-lesion angioplasty 

Stroke 

Any event 

All primary end points (0-365 days) 

Death 

Myocardial infarction 

Q-wave 

Non-Q-wave 

Target-lesion revascularization 

Target-lesion coronary bypass grafting 

Target-lesion angioplasty 

Stroke 

Any event 

Bleeding and vascular complications 

Major m-hospital bleeding 

False aneurysm 

Major bleeding after discharge 

Minor bleeding 

Values are η (%) 

ASA group 

(n=528) 

3 

21 

7 

10 

4 

3 
23 

0 
34 

3 
0 

75 

9 
66 

3 
79 

6 
21 

7 

14 

97 

12 

86 

3 
107 

1 

4 

0 
2 

(0 6) 

(4 0) 

(13) 

(19) 

(0 8) 

(0 6) 

(4 4) 

(6 4) 

(0 6) 

(14 3) 

(17) 

(12 6) 

(0 6) 

(151) 

(11) 
(4 0) 

(13) 

(2 7) 

(18 4) 

(2 7) 

(16 3) 

(0 6) 

(20 3) 

(0 2) 

(0 8) 

(0 4) 

Coumarin group 

(n=530) 

2 
14 

4 

6 
4 

3 
13 

1 

18 

4 

0 
56 

6 
50 

2 

61 

6 
14 

4 

10 

67 

9 
61 

3 

76 

7 

10 

5 
21 

(0 4) 

(2 6) 

(0 8) 

(11) 

(0 8) 

(0 6) 

(2 5) 

(0 2) 

(3 4) 

(0 8) 

(10 6) 

(11) 

(9 5) 

(0 4) 

(116) 

(11) 
(2 6) 

(0 8) 

(19) 

(12 6) 

(17) 

(115) 

(0 6) 

(14 3) 

(13) 

(19) 

(0 9) 

(4 0) 

Relative risk 

(95% CI) 

066(011-396) 

0 66(0 34-129) 

0 57(017-193) 

0 71 (0 32-1 59) 

1 00(0 20-4 91) 

0 56(0 29-1 10) 

P=100 

0 53 (0 30-0 92) 

1 33 (0 30-5 90) 

0 74 (0 54-1 03) 

0 66 (0 24-1 85) 

0 75 (0 53-1 07) 

066(011-395) 

0 77(0 56-105) 

1 00 (0 32-3 07) 

0 66(0 34-129) 

0 57(017-193) 

0 71 (0 32-1 59) 

0 69 (0 52-0 92) 

0 75(0 32-1 76) 

0 71 (0 52-0 96) 

100(0 20-4 91) 

0 71 (0 54-0 93) 

6 97 (0 86-56 5) 

2 49 (0 79-7 89) 

P=0 062 

10 5(2 47-44 4) 
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FIGURE 1 . One-year freedom from death, acute myocardial infarction, target-lesion revascularization or stroke 
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spite urgent CABG, and 1 of pneumonia 
Overall, a primary end point was observed in 18 
patients (3.4%) in the coumann group and in 34 
patients (6.4%) in the ASA group (relative nsk, 
0.53, 95% CI, 0 30-0 92) (Table 4) 

Coumanns also decreased the incidence of 
primary end points in the patients who received 
a stent: 12 (6.6%) in the coumann group and 24 
( 12.8%) in the aspirin group (relative risk, 0 52, 
95% CI, 0 27-1 01) In both groups 6 (3.2%) 
subacute stent occlusions occurred, all resulting 
in a myocardial infarction 

Overall, the incidence of major bleeding 
and vascular groin complication was low (Table 
4). In the coumann group, there were 7 major 
bleedings (1.3%) and 10 false aneurysms 
(1.9%); in the ASA group, there was 1 major 
bleeding (0.2%) and 4 false aneurysms (0.8%). 
None of these bleedings were fatal, and 6 were 
located in the groin. Eleven false aneurysms 
were closed by ultrasound-guided compression 
or insertion of collagen, and only 2 patients 
needed surgical correction. 

The mean hospital stay in the coumann 

group was 2 4±2 6 (range 1 to 28) days versus 
2 2±2.5 (range 1 to 34) days in the ASA group 
(P=03) 

30 to 365-Day Outcome 
Follow-up was 100% complete During follow-
up, the mean INR was 3 0+1.1 in the coumann 
group, 82% of the time, the INR values were 
within, 11% of the time below, and 4% of the 
time above the target range. INR data were 
missing 3% of the time 

In the coumann group, there were 4 late 
deaths- 1 due to hemorrhagic stroke and 3 sud
den deaths. In the ASA group, the 3 late deaths 
were due to hemorrhagic strokes There were 
no late myocardial infarctions, and 1 coumann 
patient had a nonfatal ischemic stroke Target-
lesion revascularization occurred less often in 
the coumann group: 56 (10.6%) versus 75 
(14.3%) in the ASA group (relative risk, 0.74, 
95% CI, 0.54-1.03) (Table 4). For stented pa
tients, the late outcome was similar in the 2 
groups, target-lesion revascularization oc
curred in 11.2% of the coumann and in 12.4% 
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of the ASA group and any event in 12 4% and 
13 0%, respectively 

After discharge, 5 coumann patients (0 9%) 
suffered a major gastrointestinal bleeding ver 
sus none of the ASA patients (P=0 062) 

All Events at 1-Year 
At 1-year follow-up, the primary end point oc
curred significantly less often in the coumann 
group than in the ASA group (Table 4) The 
Kaplan-Meier curve showed a 1-year event 
Iree survival of 86% in the coumann group ver
sus 80% in the ASA group (P=0 01 ) (Figure) 

Unstable Angina 
In the coumann group, there were 62 patients 
with unstable angina ( 11 7%) Coumanns were 
started only 3 3±2 8 (median 3, range 1 to 15) 
days betöre PTCA The mean INR in this unsta
ble group was lower than in the patients with sta
ble angina 2 4±0 9 versus 2 7±1 1 (P=0 05), re
spectively Coumanns did not improve outcome 
in the subgroup of patients with unstable angina 
the 1-year event-tree survival in the unstable 
coumann patients was 73%, compared with 74% 
in the aspinn patients (P=0 9) 

Discussion 

This trial is the first to study the effect of 
coumann pre-lrealment on clinical outcome af
ter PTCA Coumanns in addition to routine as
pirin reduced the incidence of procedure-relat
ed complication as well as late target-lesion 
revascularization by almost 30 percent 

Prior Studies 
Until now, only two small studies had been 
conducted in the early years of PTCA, which 
concluded that oral anticoagulants were not 
more effective than aspirin alter PTCA ' 
These trials, however, were hampered by seri
ous shortcomings "'" Thornton and col
leagues" randomized 248 patients after sue 
cessful PTCA to aspirin or coumanns The 
coumanns were used regularly in only 74% ol 
the patients, and an adequate prothrombin time 
was achieved in only 35% ol the patients 

Unfortunately, clinical events were not report
ed " A further study by Urban and colleagues17 

included only 110 patients, also excluding pa 
tients with a complicated procedure, and no in
formation on the obtained level of anticoagula
tion was given In our opinion, these small 
numbers ol patients with inadequate anticoag
ulation do not allow proper judgement ol the 
role of coumanns in angioplasty Moreover, 
these 2 studies lack the essential liming of an 
ticoagulation in relation to PTCA, because a 
preventive ellect can be anticipated only if 
coumanns are started before angioplasty, thus 
belore vessel wall injury and mural thrombosis 
can lead to acute complication and restenosis 

Provisional Stenting 
Our study showed that coumann pre-treatment 
was also benelicial lor patients who received a 
stent Our stent occlusion rate, similar in the 
two groups, was higher than reported in recent 
randomized trials ''" However one has to real
ize that in our study patients received a stent be
cause of complications during the procedure 
and also patients with suboptimal stenting were 
included in the analysis The lower stent occlu 
sion rates reported in the literature mostly come 
Irom trials that compared different antithrom
botic regimens after optimal stent placement, 
excluding patients with suboptimal results 
Nevertheless, these randomized trials showed 
that the combination of aspirin and ticlopidine 
was superior to aspirin and oral anticoagulants 
to prevent stent occlusion Again, in these trials, 
coumanns were started after stenting ""' Our 
results suggest that prelreatmenl with 
coumanns could be useful preventing throm
botic complications during the lirst days after 
slenting, awaiting the delayed onset of action of 
ticlopidine This observation is corroborated by 
the fact that the coumann group did belter de
spite sigmlicantly less frequent use of ticlopi
dine However, our results do not suggest lhat 
coumanns reduce m stent restenosis 

Suboptimal Anticoagulation 
Our data indicate that coumanns are effective 
only when a stable level of anticoagulation is 
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obtained before the procedure Coumarins did 

not improve outcome in the small group of pa

tients in whom it was started shortly before 

PTCA In this situation, a platelet GP Ilb/lIIa-

receptor blocker is probably a better option 

Platelet GP Hb/IIIa Receptor Blockers 

An important question concerns the relevance 

of coumann treatment in the current era when 

many patients are treated with platelet GP 

Ilb/IHa-receptor blockers In our hospital, as in 

many other Western hospitals, the widespread 

use of these drugs is hampered by cost 

Our study shows good results without the use 

of platelet GP Ilb/IIIa-reteptor blockers 

Furthermore, coumann treatment is a relatively 

inexpensive means to reduce thrombotic com 

plications The cost ot 6 months coumann treat

ment in the Netherlands, including INR moni

toring, comes close to $ 150 per patient 

Bleeding 

The reduction of thrombotic complications by 

coumarins was offset by a small increase in 

bleedings during hospitalization Our bleeding 

rate, however, was far lower than in previous 

trials that studied coumarins as antithrombotic 

after stenting * ' The higher bleeding rate in 

these trials may have been caused by heparin, 

which was continued for several days after 

stenting, awaiting stable anticoagulation with 

coumarins "* In our study, coumann pretreat

ment obviated the need for postangioplasty he

parin During follow-up, we noted a small in

crease in major extracranial bleedings and a 

substantial increase in minor bleedings in the 

coumann group Importantly, however, none of 

the bleedings were fatal, and most were proce 

dure-related and could be treated by transfusion 

or non surgical interventions without a signifi

cant increase in the mean hospital stay 

Study Limitations 

During the trial period, ticlopidine became 

available in the Netherlands, which led to dif

ferences in antithrombotic treatment after stent 

ing However, we do not think that this differ

ence has essentially influenced the study re 

suits The better results in the coumann group 

cannot be due to the use of ticlopidine, because 

only 12% ot the stented coumann patients were 

treated with ticlopidine versus 54% of the stent 

ed ASA patients Moreover, there were no sta

tistically significant differences in the stented 

study groups (Table 1) 

Conclusions 

Coumann pretreatment in addition to aspirin 

and continued for 6 months was more effective 

than aspirin alone in the prevention of acute and 

late complications after coronary angioplasty, 

at the expense of a small increase in bleeding 

complications 

Acknowledgments 

This study was supported by a grant (94 Π8) 

from the Netherlands Heart Foundation We 

thank Paul van Bergen, MD, PhD for his valu

able comments and our referring colleagues for 

support and assistance in obtaining the follow-

up data The Safety Committee consisted of 

Jan Tijssen, epidemiologist, PhD, and Harry 

Buller, MD, PhD, Academic Medical Center, 

Amsterdam 

References 

1 de Feyter PJ van den Brand M Laarman GJ, el 

al Acute coronary artery occlusion during and 

after percutaneous transluminal coronary angio 

plasty Frequency prediction clinical course 

management and follow up Cnutlation 

1991 83 927 936 

2 Serruys PW Luijlen HE Beali KJ et al 

Incidence of restenosis afler successful coro 

nary angioplasty a time related phenomenon 

A quantitative angiographic study in 142 con 

sccutive patients at 1 2 1 and 4 months 

C IK illation 1988 77 361 371 

3 Kohchi Κ Takebayashi S Block PC el al 

Arterial changes after percutaneous translumi 

nal coronary angioplasty results a! autopsy / 

AmCollCwdiol 1987 10 592 ^99 

4 While CJ RameeSR Collins TJ et al Coronary 

49 



Chaptei 1 

dngioscopy of abrupt occlusion after angioplasty 

I Am Coll Cai dial 1995,25 1681-1684 

5 Harker LA Role of platelets and thrombosis in 

mechanisms of acute occlusion and restenosis 

after angioplasty Am J Cwdiol 1987,60 20B-

28B 

6 Schwartz RS, Holmes DR, Topoi EJ The 

restenosis paradigm revisited an alternative 

proposal for cellular mechanisms / Am Coll 

Caidiol 1992,20 1284-1293 

7 den Heijer P, Foley DP, Escaned J,et al 

Angioscopic versus angiographic detection ol 

intimai dissection and intracoronary thrombus J 

Am Coll Cwdiol 1994,24 649-654 

8 White CJ,Ramee SR, Collins TJ, et al Coronary 

thrombi increase PTCA risk Angioscopy as a 

clinical tool Circulation 1996,93 253-258 

9 Anticoagulants in the Secondary Prevention of 

Events in Coronary Thrombosis (ASPECT) re

search Group Effect of long-term anticoagulant 

treatment on mortality and cardiovascular 

morbidity after myocardial infarction 

Lancet 1994,343 499-503 

10 Cohen M, Adams PC, Parry G, et al 

Combination antithrombotic therapy in unstable 

rest angina and non-Q-wave infarction in non-

pnoraspirin users emulation 1994,89 81 88 

11 Rosendaal FR, Cannegieter SC, van der Meer 

FJM, et al A method to determine the optimal in

tensity of oral anticoagulant therapy Thiombos 

Haemostas 1993,69 236-239 

12 Ernst SMPG, van der Feltz TA, Bal ET, et al 

Long term angiographic follow up, cardiac 

events, and survival in patients undergoing per

cutaneous transluminal coronary angioplasty Bi 

Heart J 1987,57 220-225 

13 Plokker HWM, Ernst SMPG, Bal ET, et al 

Percutaneous transluminal coronary angioplasty 

in patients with unstable angina pectoris refrac

tory to medical therapy long-term clinical and 

angiographic results CathetCaidw\au Diagn 

1988,14 15-18 

14 ten Berg JM, Bal ET, Tjon Joe Gin RM, et al 

Initial and long-term results of percutaneous 

transluminal coronary angioplasty in patients 75 

years of age and older Cathet Caidiovau 

Diagn 1992,26 165-170 

15 ten Berg JM, Tjon Joe Gin RM, Ernst SMPG, et 

al Ten-year lollow up of percutaneous translu

minal coronary angioplasty tor proximal lett an 

tenor descending coronary artery stenosis in 351 

patients J AmColl Caidiol 1996,28 82-88 

16 Thornton MA, Gruentzig AR, Hollman J, et al 

Coumanns and aspirin in prevention of recur

rence after transluminal coronary angioplasty a 

randomized study Cnculation 1984,69 721-

727 

17 Urban P, Buller N, Fox K, et al Lack ot effect ol 

warfarin on the restenosis rate or on clinical out

come after balloon coronary angioplasty Bi 

H can J 1988 60 485 488 

18 Schomig A, Neumann F-J Kastrati A, et al A 

randomized comparison of antiplatelet and 

anticoagulant therapy alter the placement of 

coronary artery stents Ν Ençl J Med 1996 
334 1084-1089 

18 Leon MB Bairn DS, Popma JJ, el al A clinical 
trial comparing three antithrombotic drug regi
mens after coronary-artery stenting Ν Ent>l I 

Med 1998,339 1665 1671 

20 Serruys PW, de Jaegere Ρ Kiemeneij F, el al A 

comparison of balloon expandable stent im

plantation with balloon angioplasty in patients 

with coronary artery disease Ν Ençl I Med 

1994,331 489 495 

21 Fischman DL, Leon MB, Bairn DS, et al A ran
domized comparison of coronary-stent place
men! and balloon angioplasty in the irealmenl of 
coronary artery disease Ν Enql J Med 

1994,331 496-501 

50 



Chapter 4 

A Randomized Trial Assessing the Effect of Coumarins 
Started Before Coronary Angioplasty on Restenosis: 

Results of the Six-Month Angiographic Substudy of the 
Balloon Angioplasty and Anticoagulation Study (BAAS) 

Junïën M. ten Berg', Johannes C. Kelder', Maarten Jan Suttorp', 
Freek WA. Verheug, H.W. Thijs Plakker'. 

Department of Interventional Cardiology, St Antonius Hospital, Nieuwegein1, and the 
Department of Cardiology, University Medical Center St Radboud Ni/megeir, the Netherlands 

Submitted for publication 
Tin s study was presented in pai t at the 21 ' Congress of the European Society of 

Cardiology 2000, Amsterdam, the Netherlands 

51 



Chaptei 4 

A Randomized Trial Assessing the Effect of Coumarins Started 
Before Coronary Angioplasty on Restenosis: Results of the Six-
Month Angiographic Substudy of the Balloon Angioplasty and 

Anticoagulation Study (BAAS) 

Background - Thrombus lormation during coronary angioplasty may play a role in the resteno
sis process. 

Methods - We studied the el led of pretreatment with coumarins on 6-month angiographic out
come. Because we speculated that a critical level of anticoagulation with coumarins is essential to 
improve outcome, also the effect of "optimal" anticoagulation was studied. Optimal anticoagulation 
was defined as an INR more than 70% of the tollow-up time in the target range. We randomized 261 
patients to aspirin alone (ASA group) and 270 patients to aspirin plus coumarins started one week 
belore the procedure (coumarin group). 

Results-The mean INR was 2.7+1.2 at the start of the procedure and 3.1 ±0.5 during follow-up. 
Quantitative coronary analysis was performed of 301 lesions in the ASA group and of 297 lesions in 
the coumarin group At 6 months, the minimal luminal diameter was 1.75±().67 in the ASA group and 
l.77±().67 in the coumarin group (F=NS). Patients with optimal anticoagulation, however, had a 
more favorable angiographic outcome than those with suboptimal anticoagulation: 1.57±0.72 versus 
\.%\±OM(P=0.Q2). 

Conclusion - Coumarins only improve angiographic outcome when an optimal level of antico
agulation is reached during and after coronary angioplasty. 

Key Words: • percutaneous coronary intervention • coumarins • restenosis • randomized trial 
• quantitative coronary analysis 
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Restenosis after successtul Percutaneous 
Coronary Intervention (PCI) often occurs 

and leads to reintervention in about one fifth of 
the patients ' The complex pathogenesis of 
restenosis is still incompletely understood, 
and there is much debate whether mural 
thrombosis plays an important role in the 
restenosis process " Mural thrombus forma
tion takes place as soon as the vessel wall is 
damaged during PCI, and experimental work 
suggests that both aggregating platelets with 
their growth factors and clotting factors such 
as thrombin play a role in restenosis 4 ' The an
tithrombotic regimen during PCI consists rou
tinely of aspirin plus heparin. This combina
tion is, however, unable to prevent coronary 
thrombus formation completely.67 Additional 
antithrombotic medication may therefore be 
necessary Oral anticoagulant therapy inhibits 
the generation of thrombin, which plays a piv
otal role in thrombus formation Therefore, we 
hypothesized that coumann treatment may 
prevent restenosis Patients were pretreated 
with coumanns because we speculated that an 
adequate level of anticoagulation might be 
crucial at the time when the vessel wall is dam
aged and thrombus formation starts We stud
ied the effect of coumanns on the rate of 
restenosis in a randomized setting 

Methods 

Study Population 
The study population was part of the Balloon 

Angioplasty and Anticoagulation Study 
(BAAS).' BAAS included all consecutive pa
tients with symptomatic coronary artery dis
ease, from 7 referring hospitals for PCI between 
March 1996 and November 1997 Patients were 
excluded ü they were on current treatment with 
anticoagulants, had contraindications for the 
use of coumanns or aspirin, had an acute 
myocardial infarction, had a bypass graft lesion 
or in case follow-up was anticipated to be diffi
cult The study was earned out according to the 
principles of the Declaration of Helsinki and 
was approved by our institutional Ethics 
Committee 

Randomization 
After written informed consent had been ob
tained, 1058 patients were randomized by means 
of an independent telephone randomization serv
ice to the use of aspinn alone (ASA group) or to 
open coumann treatment in addition to aspirin 
(coumann group) In addition, half of the pa
tients were randomized to angiographic follow-
up Patients with stable angina were randomized 
at least 1 week prior to intervention and patients 
with unstable angina at least 1 day before inter
vention The study population described in this 
article only consists of the patients randomized 
to angiographic follow-up 

Medication 
Aspirin was administered as a loading dose of 
300 mg and a daily dose 100 mg. For patients 
randomized to the coumann group, it was in
tended to start oral anticoagulant therapy at 
least one week before intervention The target 
INR was specified at 2 1-4 8 during the proce
dure and during follow-up However, it was not 
a prerequisite to perform PCI Heparin was ad
ministered as a single bolus of 10,000 units 
immediately prior to the procedure in all pa
tients All patients were given a calcium-chan
nel blocker, initiated at least 24 hours before 
PCI After discharge, coumanns were contin
ued for at least 6 months or until an event oc
curred and dosing was done by one of the re
gional Thrombosis Services lor outpatient INR 
monitoring During the trial period, ticlopidine 
became available in the Netherlands Since 
then, when a stent was placed it was left to the 
discretion ol the operator to start ticlopidine 
(loading dose 500 mg, than 250 mg twice daily 
for 4 weeks) or to continue coumanns 

Angioplasty Procedure 
A policy ol provisional stenting was used 
Intravascular ultrasonography to evaluate opti
mal stenting was not used routinely 

Angiography 
Three coronary angiograms were obtained per 
patient, just before, at the end of the procedure 
and at follow-up For maximal vasodilatation, 
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nitro-glycerine (0.1 mg) was given intracoro-
nary before each angiogram. The angiograms 
were recorded in at least two, preferentially, or
thogonal views. X-ray angulations were exact
ly reproduced during each angiogram 

Clinical Follow-up 
Definitions of clinical end points were de
scribed previously.1" The primary clinical end 
point was the composite ot death, myocardial 
infarction, target-lesion revascularization and 
stroke at 1 year. Questionnaires on the occur
rence and timing ol events and recurrence of 
angina pectoris were sent to the referring physi
cians All patients were seen at outpatient clin
ics of the referring sites at 6 weeks, 3 months 
and I year When events or angina pectoris oc
curred the questionnaires were returned to the 
study-coordinating center. The study-coordi
nating center obtained details on events from 
the referring physician During follow-up, the 
referring physicians did the patient manage
ment and if angina recurred, it was left to the re
ferring physician to obtain electrocardiographic 
or scintigraphic evidence of ischaemia. 

Angiographic Analysis and End Points 
Follow-up angiography was performed at 6 
months. Angiography was performed earlier 
only when the referring physician deemed such 
clinically indicated. An indication to reinter-
vention was made only in the presence of both 
angiographic restenosis and electrocardio
graphic or scintigraphic evidence of ischaemia. 
If no restenosis was detected and the angiogram 
was performed within "5 months after interven
tion, the patient was asked to undergo repeat an
giography at 6 months. In the absence ot a 6 
months angiogram, the last angiogram obtained 
within the previous 3 months, if available, was 
used, provided that no end point had occurred. 
If a reintervention was performed, the an
giogram that was obtained just before this rein
tervention was used for end point evaluation. 
Angiograms obtained during early reinterven
tion occurring < 14 days after the index PCI 
were discarded from analysis. Quantitative 
coronary analysis (QCA) was performed with 

the Computer Measurement System, Medis, the 
Netherlands, by an independent core-laborato
ry, blinded to the assigned therapy (Heartcore 
Leiden, the Netherlands) '' Lesions were reject
ed from analysis if there was poor filling, over
lap or foreshortening on the pre-, the post- or the 
follow-up angiogram The angiographic vari
ables such as stenosis pre and post PCI, dissec
tion and left ventricular (unction were also as
sessed visually. 

The primary angiographic end point was the 
minimal luminal diameter (MLD) in the worst 
view of each dilated segment at follow-up. 
Immediate gain, late loss, net gain and loss in
dex were calculated. The immediate gain was 
defined as the MLD immediately after the pro
cedure minus the MLD before the procedure, 
the late loss as the MLD immediately after the 
procedure minus the MLD at follow-up, the net 
gain as the MLD at follow-up minus the MLD 
before the procedure, and the loss index as the 
ratio between late loss and acute gain. Binary 
restenosis was defined as more than 50% diam
eter stenosis at the follow-up angiogram. Total 
occlusion was imputed as MLD = 0 mm 

We speculated that a critical level of antico
agulation with coumarms is essential to reduce 
restenosis. Therefore, a subgroup analysis was 
performed comparing the MLD of patients with 
an optimal level of anticoagulation with those 
with suboptimal anticoagulation. "Optimal" 
anticoagulation was defined as an INR more 
than 70% ol the follow-up time in the target 
range. 

Events were reviewed at regular intervals 
by a safety committee, which was blinded to the 
study medication 

Statistics 
The analysis was by intention to treat The two 
groups were compared using the Student t test 
tor continuous variables and the chi-square lest, 
or when appropriate, Fisher's exact test for dis
crete variables Discrete variables were com
pared in terms ol relative risk (RR) with 95% 
confidence intervals Event-free survival was 
calculated by means ol the Kaplan-Meier 
method. Differences in survival times were as-
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sessed by the log-rank lest. Multi-variable 
analysis using logistic regression analysis was 
used to identify independent predictors of an
giographic outcome. Predictors of MLD at 6 
months follow-up were assessed by means of 
linear regression. All baseline characteristics 
were candidate for the multivariate analyses, 
conditional on univariate statistical signifi
cance. A /'-value less than 0.05 was considered 
significant. 

Results 

Patient Population and Clinical Results 
In a previous article on the BAAS trial, we re
ported a significant improvement in clinical 

outcome in the patients treated with aspirin plus 
coumarins as compared with the 528 patients 
treated with aspirin alone.8 From the BAAS, 
261 patients in the ASA group and 270 patients 
the coumarin group were randomized to follow-
up angiography. The clinical (Table 1) and 
angiographic (Table 2) baseline characteristics 
of these patients were comparable except for 
more patients with diabetes mellitus and 
restenotic lesions in the coumarin group and 
more males in the ASA group. Stents were 
placed in 87 of the ASA (33%) and in 91 of the 
coumarin patients (34%). In 56% of the stented 
ASA patients, ticlopidine was added to the 
medication and in only 13% of the stented 
coumarin patients the oral anticoagulants were 

TABLE 1. Clinical Characteristics of the Patients 

Age - yr 

Male sex 

Risk factors 

Diabetes 

Hypertension 

Total cholesterol > 5 mmol/l 

Smoking in preceding half year 

Clinical features 

Previous myocardial infarction 

Previous angioplasty 

Previous stroke 

Angina class (CCS*) 

1 
II 
III 
IV 
IV and ST-T changes 

Urgent angioplasty 

Number of diseased vessels 

1 
2 
3 

Ejection fraction < 50% 

ASA 
group 

(N=261) 

59.7±10.5 

215 (82 4) 

18 (6.9) 

63 (241) 

185 (70.9) 

92 (35 2) 

90 (34 5) 

40 (15.3) 

5 (19) 

5 (1.9) 

75 (28 7) 

120 (46 0) 

61 (23 4) 

32 (12 3) 

70 (26.8) 

175 (67 0) 

82 (314) 

4 (15) 

46 (17.6) 

Coumarin 

group 

(N= 

60 £ 

203 

32 
61 

209 
87 

109 
37 
3 

2 
79 

132 
57 
29 
63 

179 
84 
7 

51 

:270) 

i±10.2 

(75 2) 

(119) 

(22.6) 

(77.4) 

(32.2) 

(40.4) 

(13.7) 

(1.1) 

(0.7) 

(29 3) 

(48 9) 

(211) 
(10 7) 

(23 3) 

(66 3) 

(31.1) 

(2.6) 

(18 9) 

P-
value 

04 
0 05 

0 05 

07 
03 
02 

02 
03 
05 

06 
06 
0.4 

0.7 
0.7 

Age is expressed as means ± SD, the other values are expressed as numbers (%) * The Canadian 

Society Cardiovascular classification was used 
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TABLE 2. Angiographic Characteristics of the Treated Lesions 

Target vessel 

Left anterior descending 

Left circumflex 

Right coronary artery 

Left mam coronary artery 

Restenotic lesion 

Ostial lesion 

Bifurcated lesion 

Moderate or severe calcification 

Angulation > 45 degrees 

Eccentricity 

TIMI grade 0 flow 

Lesion length by QCA* 

Stenosis by OCA % luminal diameter 

Balloon size 

Nominal largest balloon size 

Number of lesions treated per patient 

ASA 
group 

(N=369) 

159 (43.1) 

92 (24 9) 

118 (32.0) 

0 
16 (4.3) 

53 (14 4) 

29 (7 9) 

82 (22.2) 

82 (22 2) 

232 (62 9) 

26 (7 0) 

12 06±6.1 

67 0±15 3 

3.06±0.45 

3.33±0 50 

1 4 

Coumarin 

group 

(N=406) 

185 
90 

129 
2 

33 
51 
35 

105 
82 

263 
36 

(45 6) 

(22 2) 

(318) 

(0 5) 

(8.1) 

(12 6) 

(8.6) 

(25.9) 

(20.2) 

(64.8) 

(8 9) 

11.51±58 

65 6 

3.oe 
3.2£ 

1 5 

Ì+17 1 

i±0.45 

l±0 50 

P-
value 

07 
0.02 

08 
0.6 
06 
0.7 
05 
02 
0.2 
03 
0.6 
07 
0.28 

' Quantitative coronary analysis The values are expressed as means ± SD or as the percentage of the number 

of lesions 

substituted by ticlopidine. None of the patients 
received a platelet glycoprotein (GP) Ilb/llla 
receptor blocker. 

INR data were complete except for two pa
tients. The mean INR during the procedure was 
2.7±1.2 in the coumarin group and 65% of the 
patients had an INR within the target range. 
During follow-up the mean INR was 3.1±0.5 
and the INR was within the target range in 
78+20% of the follow-up time. The clinical 
benefit of coumarins was also seen in the 
present subgroup randomized to angiographic 
follow-up: the primary clinical composite end 
point occurred in 16.7% of the coumarin group 
and in 24.5% in the ASA group (/5=0.03) 
(Figure 1). Target lesion revascularization 
(TLR) was also reduced by the use of 
coumarins (Table 3). Angina pectoris, as ob
served by the referring physicians, recurred 
more often and earlier in the ASA group than in 
the coumarin group (/>=0.003) (Figure 2). 

Event-free survival of those patients who 

did not undergo follow-up angiography did not 
differ from those with 6-months angiogram 
(P=0.97) 

Angiographic Results 
Follow-up angiography was performed in 241 
of the 251 eligible ASA patients (96%) and in 
239 of the 262 (91%) eligible coumarin pa
tients. The reasons for not undergoing follow-
up angiography are depicted in Figure 3. QCA 
was based on 301 of the 369 (82%) treated le
sions in the ASA group and 297 of the 406 
(74%) treated lesions in the coumarin group. 
The angiographic lesion characteristics of the 
two groups that underwent QCA were compa
rable (data not shown). 

The results of QCA are presented in Table 4. 
Dilatation resulted in a larger MLD in the ASA 
group than in the coumarin group. During fol
low-up the lumen loss was significantly larger 
in the ASA group than in the coumarin group. 
The MLD at follow-up and the net gain, how-
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Patients randomized to 6 month follow-up angiogram 

90. 
X 
H 

< 

E 80 

1 

-S*, ^ - . T. 

ÎX 
\ ~ ^ ^ 

L 
\ 

ASA 

coumarins 

p-0 031 

^ " ^ 

6 

raunths 

Legend to Figure 1 Event free survival of the patients treated with ASA alone (ASA) or with the combination of ASA and coumarins 

(coumarins) AMI denotes acute myocardial infarction TLR denotes target lesion revascularization 

ever, were comparable in the two groups 
(Figure 4) 

The significantly larger MLD immediately 
after intervention and the larger subsequent late 
loss, were only observed in the ASA lesions that 
were treated with a balloon At 6 months, the 
vessel diameters were comparable in the two 
study groups (Table 5) In the stented lesions, 
no differences at any time point were noted be
tween the two groups (data not shown) 

Also subgroup analysis for the anticoagula
tion regimen received after stenting, did not 
show any significant difference with respect to 
vessel diameter at six months The MLD at 6 
months was 2 04 mm in the stented patients 
treated with aspirin alone (n=36), 1 91 mm in 
the aspirin plus ticlopidine group (n=49) and 
1 96 mm in the coumarm group (n=85)(/>=NS) 

In the ASA group 19 total occlusions were 
treated versus 27 in the coumarm group In the 
ASA group, 6 total occlusions were stented and 
all remained open In the coumarm group, 7 to
tal occlusions were stented and 1 reoccluded 
Of the total occlusions treated with a balloon 

alone, 6/19 (32%) lesions reoccluded in the 
ASA group versus 3/27 (11%) in the coumann 
group (ƒ'=() 07) 

Multivariate Analysis 
Multivariate analysis showed that restenosis at 
6 months was predicted by the MLD before 
(RR, 0 89 per 0 1 mm, 95% CI, 0 84-0 96) and 
immediately after PCI (RR, 0 91 per 0 1 mm, 
95% CI, 0 87-0 95) Of the clinical parameters, 
only the presence of diabetes was a significant 
independent predictor of restenosis (RR, 2 24, 
95% CI, 1 20-4 21) Coumarm therapy was not 
an independent predictor for restenosis (RR, 
1 26, 95% CI, 0 84-1 88) 

However, the patients with optimal anticoag
ulation had a more favorable angiographic out 
come than those with suboptimal anticoagulation 
(Table 6) By multivariate analysis, optimal anti
coagulation led to a 0 21 mm (95% CI, 0 05-0 38) 
larger MLD This effect was present both in 
stented (0 15 mm, 95% CI, -0 15-0 45) and non-
stented lesions (0 22 mm, 95% CI, 0 02-0 42 
mm) 
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All BAAS PaliCDts 

Legend to Figure 2: Time to recurrence of angina pectoris in the patients treated with ASA alone (ASA) or with the combination of ASA 

and coumanns (coumarms) 

Discussion 

Animal studies suggest that mural thrombosis 
plays a pivotal role in the development of 
restenosis following balloon angioplasty " ' 
Studies in humans are more contradicting " ' 
Previous studies in humans, may have failed to 
show any effect of anticoagulation on restenosis 
due to suboptimal timing and dosing 
Anticoagulation was started only after PCI, 
when thrombus formation has already taken 
place and/or anticoagulation was given for a 
short period of time '' " while coagulation per
sists long-term after plaque rupture ' In the pres
ent study we started coumanns before the proce
dure, aiming at an adequate level of anticoagula
tion during the procedure The anticoagulant 
medication was continued for 6 months in order 
to be certain to cover the period of restenosis 
However, on the whole coumanns did not im
prove the angiographic outcome at 6 months 
This result is in contrast with the significant ef
fect ol coumarm pretrcalment on clinical out
come, as observed in BAAS * Wc can only spec
ulate about the reason lor the discrepancy be

tween the angiographic and clinical results The 
event-free survival curve (Figure 1) shows that 
most of the effects ol coumanns are exerted in 
the first months This observation suggests a re
duction ol coronary thrombus formation leading 
to myocardial infarction and early remterven-
tion The lower reocclusion rate of total occlu
sions in the coumann group as compared with in 
the aspirin group is probably also the result of 
this early thrombotic process However, we also 
observed a significant effect on the recurrence of 
angina pectoris Symptoms recurred earlier and 
more often in patients on aspmn alone than m pa
tients on coumanns This study may be criticized 
tor its unbhnded design However, the refemng 
physicians, whose post-interventional manage
ment was not dictated by the study protocol 
and/or study medication, scored the recurrence 
of angina pectoris The fact that patients on 
coumanns were less symptomatic despite simi
lar coronary artery diameters at follow-up may 
suggest that coumanns reduce angina by less 
thrombosis on ruptured restenotic lesions ' or 
improvement of flow through restenotic lesions 
The fact that most of the ditlerence in reinter-
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ASA 
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Legend to Figure 3: Patient flow in the group treated with ASA 

alone (ASA) or with the combination of ASA and coumarins 

(coumarins) that were randomized to undergo follow-up angiog

raphy. The numbers of patients and the reasons why patients did 

not undergo follow-up angiography are depicted vertically. Re-

cath denotes follow-up catheterization. 

ventions occurred at the time of the follow-up 
angiogram is not inconsistent with this hypothe
sis because many patients were only referred at 6 
months despite having been symptomatic for 
several months. Our hypothesis of better flow by 
coumarins is supported by recent data from the 
APRICOT-2 trial. This randomized study 
demonstrated that aspirin plus coumarins is more 

effective than aspirin alone in maintaining coro
nary flow following thrombolytic therapy for 
acute myocardial infarction.^ In BAAS, the lev
el of anticoagulation might have been too low to 
reduce restenosis. An INR in the target range was 
not a prerequisite to perform PCI and 35% of the 
patients did not reach an adequate INR at the start 
of the procedure. The effect of coumarins could 
have been more pronounced if a target INR had 
been a prerequisite to participate in this study. 
Consistent with this hypothesis is the observa
tion that patients with an optimal level of antico
agulation during and after intervention had a sig
nificantly larger lumen at 6 months than those 
with suboptimal anticoagulation. The essential 
role of a critical level of anticoagulation at 
the time of intervention was also suggested in 
the Polish-American Local Levonox NIR 
Assessment (POLONIA) Study.24 In this ran
domized trial, enoxaparin reduced restenosis 
when given through a balloon delivery system 
during predilation before stenting. With this de
livery system it was probably possible to deliver 
a high dose of anticoagulant to the injured vessel 
site, which was than contained in the vessel wall 
with the use of a stent. 

Legend to Figure 4: Cumulative distribution curves of minimal 

luminal diameter as measured by quantitative coronary angiog

raphy before coronary angioplasty, after coronary angioplasty 

and at six-month follow-up. 
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TABLE 3. Events at 1 -Year of the Patients Randomized to Angiographic Follow-up 

Early primary end points (0-30 days) 

Death 

Myocardial infarction 

Q-wave 

Non-Q-wave 

Acute coronary bypass grafting 

Acute repeat angioplasty 

Stroke 

Any event 

All primary end points (30-365 days) 

Death 

Myocardial infarction 

Q-wave 

Non-Q-wave 

Target lesion revascularization 

Coronary artery bypass surgery 

Coronary angioplasty 

Stroke 

Any event 

ASA 

group 

(N=261) 

Coumadin 

group 

(N=270) 

number (percent) 

2 (0.8) 

10 (3 8) 

5 (19) 

5 (19) 

1 (0 4) 

14 (5.4) 

0 (0) 

18 (6 9) 

4 (1.5) 

10 (3 8) 

5 (1.9) 

5 (1.9) 

60 (23.0) 

6 (2.3) 

55 (21 1) 

2 (0 8) 

70 (26 0) 

0 (0) 

6 (2 2) 

1 (0.4) 

5 (19) 

1 (0.4) 

7 (2.6) 

0 (0) 
8 (3.0) 

2 (0.7) 

6 (2.2) 

1 (0.4) 

5 (1.9) 

42 (15.6) 

6 (2 2) 

39 (14.4) 

0 

49 (181) 

Relative risk 

(95% CI) 

p=0 24 

0.58(0.21-157) 

0.19(0.02-1.64) 

0.97 (0.28-3.30) 

0.97(0.06-15 4) 

0.48(0.20-1 18) 

0.43(0.19-0.97) 

0.48(0.09-2.62) 

0 58(0 21-157) 

019(0.02-1.64) 

0 97 (0 28-3 30) 

0 68 (0 47-0 97) 

0 97(0.32-2 96) 

0 69(0 47-100) 

p=0 24 

0 68 (0 59-0 93) 

TABLE 4. QCA of All Lesions 

Before the procedure 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

Immediately after the procedure 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

At 6-month follow-up 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

Acute gam (mm) 

Late loss (mm) 

Loss index (mm) 

Net gam (mm) 

ASA 

n=301 

2.95±0.62 

0 95±0 48 

66.9±15.0 

312±0 60 

2.41 ±0.61 

22 7±14 0 

2.86+0 60 

1 75±0 67 

39.1 ±19 8 

1 45±0 62 

0.68±0.61 

0.45±0 52 

0.78±0 60 

Coumarin 

n=297 

2.92+0 57 

0 98±0 49 

65 2±16 5 

3 04±0 57 

2.31 ±0.59 

23 7±151 

2 88±0 59 

1 77±0 67 

38 9±19.0 

1.32±0 65 

0.55±0 65 

0 42±0 69 

0 77±0 70 

P-

value 

0.60 

0 51 

0 21 

010 

0.05 

0 42 

0.68 

0 72 

0 71 

0 01 

0 03 

0 56 

0 84 

The values are expressed as means ± SD or as the percentage of the number of lesions 
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TABLE 5. OCA of the Lesions That Were Treated by Balloon Angioplasty Alone 

Before the procedure 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

Immediately after the procedure 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

At 6-month follow-up 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

Acute gam (mm) 

Late loss (mm) 

Loss index (mm) 

Net gam (mm) 

ASA 
n=201 

2 88±0 58 

0 92±0 46 

67 1±15 2 

3 00±0 57 

2 22±0 51 

25 4±12 5 

2 79±0 57 

1 66±0 67 

41 1±20 7 

1 29±0 54 

0 56±0 60 

0 43±0 55 

0 72±0 60 

Coumarin 

n=197 

2 86±0 56 

0 96±0 49 

65 3±17 7 

2 95±0 56 

212±0 46 

27 6±13 0 

2 85±0 57 

1 71+0 62 

40 0±18 3 

1 13±0 58 

0 41 ±0 55 

0 37±0 78 

0 72±0 67 

P-
value 

0 75 

0 38 

0 25 

0 39 

0 02 

0 08 

0 35 

0 40 

0 54 

0 004 

0 009 

0 40 

0 95 

The values are expressed as means ± SD or as the percentage of the number of lesions 

TABLE 6. OCA of Lesions from Patients with Optimal versus Suboptimal Anticoagulation 

Before the procedure 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

Immediately after the procedure 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

At 6-month follow-up 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

Acute gam (mm) 

Late loss (mm) 

Loss index (mm) 

Net gam (mm) 

Suboptimal 

n=53 

2 92±0 53 

0 93±0 49 

67 2±16 8 

3 01 ±0 44 

2 29±0 54 

23 8±15 2 

2 79±0 57 

1 57±0 72 

44 6±21 9 

1 36±0 67 

0 73±0 65 

0 52±0 57 

0 64±0 70 

Optimal 

n=243 

2 95±0 58 

102±0 46 

64 5+16 3 

3 08±0 56 

2 35±0 58 

23 4±14 8 

2 85±0 57 

181 ±0 66 

37 7±18 2 

1 32±0 65 

0 53±0 65 

0 39±0 71 

0 79±0 69 

P-
value 

0 77 

0 22 

0 27 

0 43 

0 54 

0 86 

0 35 

0 02 

0 02 

0 69 

0 05 

0 23 

014 

The values are expressed as means ± SD or as the percentage of the number ol lesions 



Chapter 4 

Limitations 

Because we were interested in the effect of 

coumarins in all comers, the ability to perform 

QCA of the lesions was not an entry criterion 

for this study. Therefore lesions were rejected 

for QCA when there was overlap or foreshort

ening on the pre-, the post- or the follow-up an

giogram. There was an uneven distribution of 

the follow-up angiographic studies between the 

ASA group and the coumarin group largely due 

to refusal to undergo angiography after groin 

complications in the coumarin group. We think, 

however, that this difference did not confound 

the angiographic results, as we do not consider 

there to be a relation between groin complica

tions and the occurrence of restenosis. 

In Conclusion 

On the whole, coumarins started before coro

nary angioplasty in addition to aspirin did not 

improve late angiographic outcome, despite 

significant clinical benefit. However, in pa

tients with an optimal level of anticoagulation 

during and after the intervention, the vessel di

ameter at follow-up was significantly larger 

than in those with a suboptimal level. 
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Chaptei S 

Oral Anticoagulant Therapy During and After Coronary 
Angioplasty: The Intensity and Duration of Anticoagulation are 

Essential to Reduce Thrombotic Complications 

Background - In the randomized Balloon Angioplasty and Anticoagulation Study (BAAS), the 
addition of oral anticoagulants to aspirin significantly reduced early and late events after coronary 
angioplasty. However, bleeding episodes were increased The present report studied the intensity and 
duration of anticoagulation as predictors of thrombotic and bleeding events 

Methods and Results - A total of 530 patients, 34% of whom received a stent, were treated with 
aspirin plus coumarms. Half of the patients were randomized to angiographic follow-up The target 
international normalized ratio (INR) was 2 1 to 4 8 during angioplasty and 6-month follow-up 
Thrombotic events were death, myocardial infarction, target lesion revascularization, and thrombotic 
stroke. Bleeding complications were hemorrhagic stroke, major extracranial bleeding and false 
aneurysm "Optimal" anticoagulation was defined as an INR in the target range for at least 70% of 
the follow-up time There were 17 early thrombotic events (3 2%), 7 early bleeding episodes (1 3%) 
and 10 false aneurysms ( 1 9%) The incidence rate for both early thrombotic and bleeding events was 
lowest in patients in the target range A total of 61 late thrombotic events occurred ( 11 6%) Optimal 
anticoagulation was an independent predictor of late thrombotic events (relative risk, 0 33, 95% CI, 
0.19-0.57) and was associated with a 0 21 mm (95% CI,0 17-0 42) larger vessel lumen at 6 months 
Late bleeding episodes ( 1.4%) were lowest in patients in the target range 

Conclusions - Coumarms started before coronary angioplasty with a target INR ot 2 1 to 4 8 led 
to the lowest procedural event rate, without an increase in bleeding episodes During follow-up, op
timal anticoagulation was associated with a decrease in the incidence of late events by 67% and a sig
nificant improvement in 6-month angiographic outcome 

Key Words: • angioplasty • coumarms • thrombosis • complications • restenosis 
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The results of percutaneous transluminal 
coronary angioplasty (PTCA) are ham

pered by the occurrence of acute vessel clo
sure' and restenosis ' Mural thrombosis plays 
a causal role in the development ot acute oc
clusions and possibly in restenosis " Mural 
thrombosis is only partly prevented by the 
routinely used combination ot heparin and as
pirin 8 Therefore, more powerful anticoagu
lants were tested Two multicenter trials 
showed a significant reduction of early events 
after PTCA by direct antithrombins (hirudin 
and hirulog), but no effect on angiographic 
restenosis ' '" The platelet glycoprotein 
Ilb/IIIa receptor blockers also reduced early 
complications after PTCA, but again they had 
no effect on angiographic restenosis, al
though in the Evaluation of C7E3 (abcix-
imab) in the Prevention of Ischemic 
Complications (EPIC) trial, clinical resteno
sis was reduced " ' 

In the prospective Balloon Angioplasty and 
Anticoagulation Study (BAAS), we were the 
first to study the effect of coumanns started be
fore PTCA in addition to routine aspirin on 
early and late events ' ' Coumann therapy was 
started before PTCA to obtain an adequate lev
el of anticoagulation during the procedure, and 
coumanns were continued for the 6 months af
ter the procedure, in which restenosis takes 
place This anticoagulation regimen reduced 
early and late (thrombotic) complications at 
the expense of a small increase in bleeding 
complications In the present report, we stud
ied the intensity and duration of anticoagula
tion as predictors ot thrombotic and bleeding 
events Furthermore, the relation between op
timal anticoagulation and angiographic 
restenosis was evaluated 

Methods 

Patients 
The study population consisted of the patients 
prospectively randomized to the use of 
coumanns as part of the Balloon Angioplasty 
and Anticoagulation Study (BAAS), which has 
been described previously " 

Medication 
Aspirin (loading dose 300 mg, then 100 mg/d) 
and coumanns (acenocoumarol or Sintrom ad 6 
mg on the first day, 4 mg on the second, 2 mg on 
the third and thereafter until intervention) were 
started 1 week before intervention The interna 
tional normalized ratio (INR) was measured on 
the morning before PTCA and daily thereafter un
til discharge The target INR was prespeufied at 
2 1 to 4 8 during the procedure and during follow-
up However, it was not a prerequisite to perform 
PTCA Heparin was administered as a single bo
lus of 10,000 units immediately before the proce
dure After discharge, coumanns were continued 
for at least 6 months or until an event occurred, 
and dosing was done by one of the regional 
Thrombosis Services During the trial period, 
ticlopidine became available in the Netherlands 
Once it became available, it was left to the discre
tion of the operator to start ticlopidine after stent-
ing (loading dose 500 mg, then 250 mg twice dai
ly for 4 weeks) or to continue coumanns There 
was a I 1 randomization to angiographic follow-
up Patients were followed tor 12 months 

Definitions of Events and Angiographic 
Outcome 
Death comprised all deaths, regardless of the 
cause Myocardial infarction was defined previ
ously " ECG and creatine kinase were evaluated 
before and immediately after PTCA, and on the 
next day Reintervenlion was based on both 
restenosis and evidence of ischaemia A stroke 
was based on imaging and on neurological evalu
ation, and it was classified as ischemic or hemor
rhagic In the absence of imaging, stroke was clas
sified as hemorrhagic Major bleeding was de
fined as an acute bleeding leading to hospitaliza
tion and/or death, blood transi usion or surgical in
tervention A false aneurysm was diagnosed by 
duplex sonography The primary angiographic 
endpoint was the minimal luminal diameter 
(MLD) of each dilated segment at follow-up 
Total occlusion was imputed as MLD = 0 mm 

Events were classified as early (day 0 to 14 
after PTCA) or late (day 14 to 365) A safety 
committee reviewed adverse events at regular 
intervals 
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Chaptei 5 

Optimal Anticoagulation 
"Optimal" anticoagulation was defined as an 
INR in the target range for > 70% of the follow-
up time 

Estimation of Time Spent in Different INR 
Categories 
For each patient, the time spent in 4 predefined 
INR categories (< 2.1; 2.1-4.8, > 4 8, and 
missing) was estimated until 1 year after dis
charge or until an event occurred The number 
of days spent in these INR categories was esti
mated using the linear interpolation method N 

This method assumes that the INR value be
tween 2 consecutive measurements varies lin
early If the time between 2 consecutive meas
urements exceeds 28 days, the INR is consid
ered not predictable for the middle part of this 
interval. 

Calculation of Early Event Rate (day 0-14) 
The thrombotic and bleeding events were allo
cated to a particular INR category by the value 
of the last INR on the day of the event The in
cidence rates of both thrombotic and bleeding 
events were calculated as the total number of 
events in a particular INR range divided by the 
number of patient-years spent in that INR 
range.14 

Statistical Procedures and Calculation of 
Risk Factors for Late Thrombotic Events 
and Angiographic Outcome 
A univariate analysis was performed for the as
sociation of optimal anticoagulation and the oc
currence of thrombotic events Subsequently, a 
multivariate logistic regression analysis was 
used to control this association for preselected 
covanates, including age, sex, hypertension, di
abetes mellitus, smoking, unstable angina prior 
to PTCA, ejection fraction < 50%, left anterior 
descending lesion, total occlusion, length of the 
lesion and randomization to follow-up angio
graphy The significance of a linear trend tor the 
time spent in the INR target range and the oc
currence of late thrombotic events was also de
termined 

The association of optimal anticoagulation 

and the MLD at follow-up was studied by uni
variate analysis using the Student's t test and by 
multivariate analysis using linear regression 
Patients who were not randomized to follow-up 
angiography were excluded from this analysis 

Results 

Patients 
From March 1996 through November 1997 a 
total of 530 patients were randomized to the use 
of coumanns (Table 1 ) Coumarms were start
ed a median of 6 days (range 4-9) days before 
PTCA A total of 242 stents were placed in 181 
patients (34 1%) In 21 of these stented patients 
(12%), the oral anticoagulants were substituted 
by ticlopidine Follow-up angiography was per
formed in 239 patients, and the quantitative an
giographic analysis was based on 297 lesions 

Early INR values (day 0-14) 
The time spent in the four predefined INR cat
egories during the first 14 days after PTCA or 
until an event occurred are depicted in Table 2 
The patients spent 62 2% of the time in the tar
get range 

Early thrombotic events and INR-specific 
incidence rates (day 0-14) 
No adverse events occurred before PTCA, and 
coumanns were not discontinued before inter
vention in any patient. No significant differences 
at baseline were found between the groups of pa
tients in different INR categones A total of 17 
patients (3.2%) suffered from an early thrombot
ic event Most events were early reinterventions 
and procedure-related myocardial infarctions, of 
which one was fatal (Table 3) In one patient, an 
event occurred while the INR value was erro
neously not measured before the procedure 
Thus the INR-specific incidence rates were cal
culated based on 94% of the events The inci
dence rate was lowest in the target range with 73 
events per 100 patient-years (Figure 1) 

Early Bleeding Complications 
In 6 patients, excess site bleeding occurred, 
and in one patient a gastrointestinal bleeding 
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TABLE 1. Characteristics of the Patients and the Lesions 

No of patients 

Age-y 

Male sex, η (%) 

Risk factors, η (%) 

Diabetes 

Hypertension 

Total cholesterol > 5 mmol/l 

Cholesterol lowering therapy 

Smoking in preceding half year 

Clinical features, η (%) 

Previous myocardial infarction 

Previous angioplasty 

Previous stroke 

Angina class (CCS*): 

1 
II 

III 

IV 

Number of diseased vessels, η (%) 

1 

2 

3 

Ejection fraction < 50%, η (%) 

No of lesions 

Left anterior descending, η (%) 

Total occlusions 

Restenotic 

Moderately or severe calcified 

Lesion length, mm 

Days until last INR measurement 

Mean INR measurements per patient 

'Canadian Cardiovascular Society classification 

'Values are mean ± SD or Ν (%) 

530 

60.3 ± 9.8 

400 (75 5) 

51 (9.6) 

106 (20 0) 

405 (76.4) 

156 (29.5) 

163 (30 8) 

211 (39 8) 

73 (13.8) 

8 (1.5) 

6 (11) 

159 (30 0) 

242 (45.7) 

123 (23.2) 

355 (67 0) 

163 (30.8) 

10 (1.9) 

92 (17 4) 

778 

361 (47 8) 

54 (7.2) 

57 (7.3) 

62 (8.0) 

12 ±6.2 

163 ±44,176 

(154-195) 

13.4 ±4.7 

was used 

occurred (1.3%). Ten patients (1.9%) devel
oped a false aneurysm (Table 3). All bleeding 
episodes occurred within 36 hours from inter
vention, and none were fatal. The early com
plication rate was lowest in the target range, 
with 57 complications per 100 patient-years 
(Figure 1). 

Late INR Values 
During follow-up, the mean number of INR 
measurements per patient was 13.4 ±4.7. In 42 

TABLE 2. Percentage of Time Spent in each INR Category 

Unknown 

< 2 1 

2.1-4.8 

> 4 8 

Day 0-14 

(n=530) 

32 9 ± 36 2 

62.2 ± 30 4 

4 9 ±14.8 

Day 14-365 

(n=488) 

3.1 ± 8.3 

10.6 ± 1 4 5 

82.1 ± 20 4 

4.2 ± 9 3 

patients, no INR values were available during 
follow-up (Table 4). The percentage of time 
spent in the INR categories during follow-up of 
the remaining 488 patients are depicted in Table 
2. The patients spent 82.1% of their follow-up 
time in the target range. 

Predictors of Late Thrombotic Events 
There were no significant differences at 
baseline between the patients with optimal 
anticoagulation and those with "suboptimal" 
anticoagulation during follow-up. After day 14, 
a total of 61 thrombotic events (11.6%) 

TABLE 3. Clinical Events 

Early thrombotic events (0-14 days) 

Fatal myocardial infarction 

Non-fatal myocardial infarction 

Q-wave 

Non-Q wave 

Acute coronary bypass surgery 

Acute repeat angioplasty 

Any event 

Late thrombotic events (>14-365 days) 

Sudden death 

Myocardial infarction 

Target lesion revascularization 

Any event 

Early bleedings and vascular complications 

Major extra-cranial bleeding 

False aneurysm 

Late bleeding episodes 

Fatal hemorrhagic stroke 

Non-fatal hemorrhagic stroke 

Major extra-cranial bleeding 

Values are Ν (%) 

1 (0.2) 

14 (2.6) 

4 (0.8) 

10 (1 9) 

2 (0.4) 

13 (2 5) 

17 (3.2) 

3 (0 6) 

0 

56 (10.6) 

61 (11.6) 

7 (1.3) 

10 (1.9) 

2 (0.4) 

1 (0 2) 

5 (0 9) 
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Figure 1 . The incidence of early thrombotic events and bleeding complications in patients in the 3 INR categories. 

occurred, mostly target lesion revasculariza
tions. Three patients died suddenly (Table 3). In 
the 44 patients in whom no INR values were 
available, 3 events occurred. Thus the analysis 
was based on 95% of the events. 

By univariate analysis, optimal anticoagula
tion was associated with a reduced event rate 
(relative risk, 0.39; 95% CI, 0.25-0.61 ) and un
stable angina prior to PTCA with an increased 
event rate (RR, 1.96; 95% CI, 1.13-3.40). 

By multivariate analysis, optimal anticoag
ulation was associated with a lower event rate 
(RR, 0.33; 95% CI, 0.19-0.57), and this effect 
was present for both stented (RR, 0.20; 95% CI, 
0.10-0.40) and non-stented patients (RR, 0.37; 
95% CI, 0.20-0.69). Furthermore, there was a 
significant linear trend for optimal anticoagula
tion and events: for every 10% ofthe time spent 
in the target range, the risk was reduced by 21 % 
(/3=0.0001). Unstable angina was associated 
with an increased event rate (RR, 2.20; 95% CI, 
1.09-4.44). 

Predictors of Angiographic Outcome 
The patients with optimal anticoagulation had a 
more favorable angiographic outcome than 
those with suboptimal anticoagulation. The 
MLD at follow-up was significantly larger in 
these patients (1.81 ± 0.66 versus 1.57 ± 0.72 
mm; P=0.01); (Figure 2), the late loss was 
smaller (0.53 ± 0.65 versus 0.73 + 0.65 mm; 

p=0.049), the net gain was larger (0.79 ± 0.69 
versus 0.64 ± 0.70 mm; P=0.15), and the diam
eter stenosis at follow-up was smaller (38% ± 
18 versus 45% ± 22; /5=0.02) when compared 
with patients with suboptimal anticoagulation. 

By univariate analysis, several factors were 
associated with the MLD at follow-up (Table 
5). Optimal anticoagulation led to a 0.24 mm 
(95% CI, 0.04-0.44) larger MLD at 6 months. 

By multivariate analysis, 3 factors were in
dependently associated with the MLD at fol
low-up (Table 5). Optimal anticoagulation led 
to a 0.21 mm (95% CI, 0.05-0.38) larger MLD. 
This effect was present both in stented (0.15 
mm; 95% CI, -0.15-0.45) and nonstented le
sions (0.22 mm; 95% CI, 0.02-0.42 mm). 

Late Acute Bleeding Complications 

TABLE 4. Reasons for Absence of INR Values During Follow-up 

Reason 

PICA failed 

Ticlopidine treatment after stenting 

No coumarins prescribed at discharge 

Primary end point before day 14 

Primary safety end point before day 14 

Minor bleeding 

Emigration 

Gastrointestinal surgery 

No. of Patients 

2 

21 

1 
5 

5 

5 

2 

1 
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Figure 2. MLD, measured by quantitative coronary angiography is shown before coronary angioplasty and at 6-month follow-up. 

Two patients suffered a fatal hemorrhagic 
stroke (0.4%). A 54-year old male without con
comitant disease who had INR values in the tar
get range developed a cerebellar hematoma on 
day 109 (INR 2.9) and was operated on but died 
on day 250. A 75-year-old woman with hyper
tension and diabetes mellitus had INR values 
above the target range for 2 days after PTCA but 
was discharged with INR values in the target 
range. She was readmitted with the clinical 
signs of a stroke at the referring hospital on day 
17 and died immediately, having an INR of 7.0. 
One patient had a non-fatal hemorrhagic stroke 
(0.2%) and recovered completely. This was a 
71-year-old male without concomitant disease 
who had INR values in the target range and de
veloped an occipital hematoma on day 196, 
after having discontinued coumarins 41 days 
previously. Five patients (0.9%) suffered late 
major extracranial bleeding. For one patient 
with major bleeding, the INR category could 
not be calculated. The incidence rate for major 
bleeding episodes was lowest in the target 
range, with 2.4 complications per 100 patient-
years. Below the target range 10 bleeding com
plications per 100 patient-years occured, and 
above the range 13 bleeding complications per 
100 patient-years occured. 

Ticlopidine Use 
Ticlopidine became available halfway through 
the study period. Coumarin pretreatment 
showed a similar reduction of events in the year 
before ticlopidine became available (1996) 
compared with the year when ticlopidine was 
used (1997). 

Discussion 

In BAAS, coumarins started before PTCA in ad
dition to routine aspirin reduced the occurrence 
of cardiac events by 30% during the first year of 
follow-up." In the present study, we obtained ev
idence that the intensity, as well as the duration 
of anticoagulation, was essential to obtain this 
beneficial effect. An INR in the target range dur
ing PTCA led to the lowest incidence of proce
dural events without increasing bleeding 
episodes. There were more bleeding episodes in 
patients with an INR below the target range than 
in patients with an INR in the range suggesting 
that procedural bleeding episodes are not prima
rily related to the level of anticoagulation but are 
due to suboptimal puncture and sheath removal 
techniques. With respect to late events, the pa
tients with an INR in the target range for at least 
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70% of the follow-up time had a 67% risk re
duction and their vessel lumens were signifi
cantly larger at 6 months. 

Thrombosis plays an essential role in the 
development of abrupt vessel closure, and 
thrombin is a keyfactor in this process." " This 
was unequivocally demonstrated in 2 clinical 
trials in which thrombin inactivation by r-
hirudin and hirulog led to a significant reduc
tion of early complications.'I0 In the BAAS tri
al, coumarins were also shown to reduce 
thrombotic complications, especially when 
the INR was in the target range. This result 
confirms our hypothesis that coumarins 
should be started before intervention to avoid 
paradoxical early prothrombotic effects from 
suppression of proteins C and S before in
hibiting factors II, VII, IX and X. 

Thrombosis may also play a role in the 
restenosis process.67 " However, the use of 
antithrombotics such as r-hirudin or hirulog 
has not shown to reduce the restenosis rate.910 

This lack of effect on restenosis may be due to 
the fact that hirudin is not an inhibitor of 
thrombin production. Therefore, soon after 
cessation of Hirulog, thrombin activity is an
ticipated. Another reason may be the duration 
of anticoagulation. There is evidence in ani
mal studies and in humans that after plaque 
rupture, activation of the coagulation mecha
nism persists for a very long time.'6 I7 

TABLE 9. Predictors of 6-Month Angiographic Outcome 

Parameter 

Univariate analysis 

Reference diameter per mm 

MLD after dilatation per mm 

Stent 

Optimal anticoagulation 

Diabetes 

Multivariate analysis 

Reference diameter per mm 

MLD after dilatation per mm 

Optimal anticoagulation 

MLD denotes change in minimal luminal diameter at follow-up 

Furthermore, some experimental data showed 
that longer anticoagulation leads to less 
restenosis.16 In the BAAS trial, coumarins re
duced the late event rate after PTCA, primari
ly due to a reduction of target lesion reinter
ventions. In this study, the coumarins were not 
only started before the procedure to obtain an 
adequate anticoagulation during PTCA, but 
the level of anticoagulation was also well con
trolled during the 3 to 6 months when resteno
sis takes place.11 The multivariate analysis per
formed in the present study showed that if an 
adequate level of anticoagulation can be ob
tained for at least 70% of the follow-up time, 
angiographic restenosis is reduced. These re
sults suggest that thrombosis indeed plays a 
role in the restenosis process. 

Until now, few trials have studied the effect 
of oral anticoagulant therapy on late restenosis 
after PTCA in humans."20 Clinical restenosis 
was studied in 2 small studies in the early years 
of PTCA.""9 It was concluded that oral antico
agulants were not more effective than aspirin as 
adjunctive treatment after PTCA, but there are 
essential shortcomings in these studies: 
Coumadin was started after PTCA and an ac
ceptable level of anticoagulation was obtained 
in only a minority of the patients during follow-
up. The other report was an angiographic fol
low-up study. Kastrati and colleagues20 studied 
the effect of antiplatelet therapy versus oral an-

MLD, mm 95% CI F-value 

0.64 

0.56 

0.17 

0.24 

-0.41 

0.47 

0 30 

0.2 

0.52 to 0.76 

0.43 to 0 68 

0.00 to 0.33 

0 04 to 0.44 

-0.67 to-0.15 

0.35 to 0.59 

017to0 42 

0.05 to 0.38 

0.0001 

0 0001 

0.049 

0 02 

0.008 

0.0001 

0.0001 

0.01 
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ticoagulants on restenosis in a total of 432 pa
tients who were all stented There was no dif
ference in restenosis between the antiplatelet 
group and the oral anticoagulation group. 
However, again, the oral anticoagulation was 
only started after stenting, with overlapping he
parin until a stable level of anticoagulation was 
reached !" Our results suggest that stable anti
coagulation with coumanns is more effective 
than unfractionated, intravenous heparin 

Finally, is there any evidence in the literature 
for an optimal level of anticoagulation during 
and after PTCA9 Our trial is the only study that 
used coumann pretreatment with an adequate 
level of anticoagulation during and after the pro
cedure The target INR of 2.1 to 4.8 was reached 
in a high percentage of the patients and led to the 
lowest incidence of thrombotic events without 
increasing the nsk of bleeding Further evidence 
to support a higher level of anticoagulation (INR 
> 2.0) comes from tnals that studied the effect of 
oral anticoagulants that were started after my
ocardial infarction or unstable angina. In these 
tnals, an INR value > 2 0 led to a reduction of 
events, whereas lower levels of anticoagulation 
(INR < 2 0) did not show any effect.2' ^ The 
largest randomized tnal that studied 3,400 hos
pital survivors of myocardial infarction calculat
ed the optimal INR to be between 3.0 and 4.0 :i 

Recently, Clopidogrel has become standard 
therapy for patients after stenting due to its rapid 
onset of action and strong antithrombotic effect ^ 
The combination of Clopidogrel and pretreatment 
with oral anticoagulant therapy might reduce pro
cedure-related complications even further, but we 
do not think Clopidogrel would reduce restenosis, 
because Kastrati et aP showed no effect with the 
use of ticlopidine. In BAAS, patients were not 
randomized to undergo stenting or balloon angio
plasty only, but stents were placed for bailout sit
uations and suboptimal results This policy of pro
visional stenting makes a further subdivision of 
the effect of coumanns and/or ticlopidine on 
stented and non-stented patients difficult because 
stents and ticlopidine were given for procedural 
and thrombotic complications, which makes the 
balloon and stent group dissimilar from the start 
of the follow-up 

Conclusions 

The present study showed that coumanns start
ed before PTCA with a target INR value of 2 1 
to 4 8 led to the lowest procedural event rate, 
without increasing bleeding episodes During 
follow-up, optimal anticoagulation not only de
creased the incidence of late thrombotic events 
by 67%, but also significantly improved 6-
month angiographic outcome. 
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Oral Anticoagulation Therapy 
During and After Coronary 

Angioplasty 
We read with great interest the recent article by 
ten Berg et al.' on oral anticoagulant therapy 
during and after coronary angioplasty. In previ
ous trials on late restenosis after percutaneous 
transluminal coronary angioplasty (PTCA), 
oral anticoagulants were not more effective 
than aspirin as adjunctive treatment after 
PTCA, but in those trials anticoagulant therapy 
was only started after PTCA. On the other hand, 
the study by ten Berg et al.' revealed that 
coumann therapy started before PTCA, de
creased the incidence of late thrombotic events 
and improved 6-month angiographic outcome. 

Previously, we investigated changes in 
blood coagulation and platelet activation in the 
coronary sinus of patients who underwent 
PTCA.2 Blood samples were drawn from the 
coronary sinus immediately before and after as 
well as 4 and 24 hours after PTCA. Despite ad
equate administration of heparin and aspirin, 
tissue factor levels in the coronary sinus blood 
showed significant increases 4 and 24 hours af
ter PTCA, and levels of thrombin-antithrom-
bin-III complex, a specific and sensitive mark
er for thrombin generation, also showed a sig
nificant increase 24 hours after PTCA. 
Furthermore, a significant positive correlation 
was found between changes in tissue factor 
levels 24 hours after PTCA and late loss index 
6 months after the procedure.1 On the other 
hand, no significant changes in the levels of ß-
thromboglobulin and platelet factor 4, markers 
for platelet disruption and activation, were 
found after PTCA. These findings suggest that 
the systemic administration of heparin and as
pirin prevents platelet activation but cannot 
completely inhibit the activation of the hemo
static system in coronary circulation, and this 
local activation of coagulation plays a critical 
role in late restenosis after PTCA. 

Mural thrombosis, which plays a causal role 
in the development of restenosis, can be only 
partly prevented by the routine use of a combi
nation of heparin and aspirin. Our observations 

support the conclusion by ten Berg et al.' that 
the intensity and duration of coagulation are es
sential to reduce thrombotic complications after 
PTCA. 

Uichi Ikeda, M.D ,Ph.D. 
Kazuyuki Shimada, M.D ,Ph.D 

Department of Cardiology, 
Jichi Medical School, Tochigi, Japan 
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Response 

We thank Drs Ikeda and Shimeda for their in
terest in our recently published study.' In that 
study, and in a previously published article on 
the Balloon Angioplasty and Anticoagulation 
Study (BAAS)2, we demonstrated that 
coumarin therapy reduces both early and late 
thrombotic complications after percutaneous 
coronary intervention (PCI) when started 1 
week before intervention and continued for 6 
months. In addition, in patients with an optimal 
level of coagulation (defined as an internation
al normalized ratio in the target range [2.1 to 
4.8] for at least 70% of the follow-up time) the 
6-month angiographic outcome was also signif
icantly improved. 

Others have shown that the haemostatic sys
tem is activated early after PCI and that this ac
tivation leads to a larger late loss index 6 
months after intervention.'* In contrast, they did 
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not observe platelet activation after PCI.1 

To elucidate the mechanism by which 

coumarin pretreatment improved outcome in 

BAAS, we performed an additional study (JM 

ten Berg, MD, et al, manuscript submitted for 

publication, 2001). Patients were randomized 

to aspirin alone (group A, n=26) or to aspirin 

plus oral anticoagulants started 1 week before 

PCI (group B, n=26). Unfractionated heparin 

(70 lU/kg) was given only during PCI. Results 

showed that the number of activated platelets 

was significantly lower before and 1 hour after 

PCI in group Β than the group A (/><0.01, for 

both comparisons). In addition, the mean 

thrombin-antithrombin-III complex values 

were lower in patients pretreated with 

coumarins, before and until 1 day after PCI. 

Furthermore, patients with an INR in the target 

range had significantly less activated platelets 

before and after PCI than patients with a sub-

optimal level of anticoagulation. 

Thus, we agree with Ikeda and Shimada that 

the data suggest that thrombosis plays a causal 

role in the restenosis process, which occurs 

despite aspirin and heparin therapy. We 

hypothesize, however, that anticoagulation 

improves outcome not only by inhibition of the 

coagulation pathway, but also by reducing 

thrombin-induced platelet activation, which is 

not inhibited by aspirin. 

JM ten Berg, MD' 

HWM Plakker, MD, PhD' 

FWA Verheugt, MD, PhD2 

Β A Hutten, M sc' 

Department of Cardiology' 
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Chaptei 7 

Oral Anticoagulant Therapy Started Before Coronary 
Intervention Improves the Safety of Stenting 

Background - Nowadays, many patients receiving coronary stents are additionally treated with 
platelet glycoprotein Ilb/IIIa receptor blockers to reduce the risk of thrombosis We evaluated 
whether coumanns started before stenting could be an effective alternative 

Methods -The study patients participated in the Balloon Angioplasty and Anticoagulation Study 
(BAAS) BAAS randomized a total of 1,058 patients to aspirin alone (ASA group) or to aspirin plus 
coumanns (coumarin group) The study medication was started at least one week before interven
tion In the present study, we analyzed whether coumarin pretreatment improved the early outcome 
in those patients who received a stent in BAAS The analysis included the occurrence of death, my
ocardial infarction, target lesion reintervention or stroke within the first 30 days 

Results - In the ASA group, 188 patients and in the coumarin group 181 patients were stented A 
mean international normalized ratio of 2 7±1 0 during intervention and 2 9±0 43 during follow-up 
was obtained Ticlopidine became available halfway the trial period After that, ticlopidme was giv
en at the discretion of the operator and replaced oral anticoagulants in 24 coumarin patients (13%) 
after stenting In the ASA group, ticlopidme was added to aspirin in 106 patients (56%) At 30 days, 
the combined end point occurred in 13 coumarin patients (7 2%) and in 24 ASA patients (12 8%) 
(Relative Risk (RR), 0 56, 95% CI, 0 3-1 07) However, there were more bleeding complications in 
the coumarin group fatal stroke (0 6% versus 0%), nonfatal extracranial bleeding (2 2% versus 
0 5%) and false aneurysm (3 3% versus 1 6%) 

Conclusions - Coumanns started before coronary intervention, improve the safety of stenting at 
the expense of a small increase in bleeding complications 

Key Words • percutaneous coronary intervention • coumanns • stents 
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Coiiniai ins and Stents 

The percentage ot patients receiving 
intracoronary stents during angioplasty is 

still increasing This is due to the fact that 
stents are both effective in bailout situations 
and that they reduce restenosis ' ' Stents, how
ever, are thrombogenic, potentially leading to 
serious complications The most dramatic 
complication is stent thrombosis '* In addi
tion, routine stenting results in more proce 
dure-related infarctions than balloon 
angioplasty alone ,Sf,To prevent these compli
cations, patients are treated with aspirin plus 
ticlopidine or Clopidogrel atter stenting This 
combined antiplatelet therapy has become 
standard therapy since it was shown to be su
perior to the earlier used combination ot as
pirin plus Coumadin with overlapping heparin 
administration ' ' These trials, therefore, sug
gested that complications after stenting are 
primarily platelet driven However, percuta
neous coronary intervention (PCI) not only 
leads to platelets activation, but also to activa
tion of the hemostatic system " The anticoag
ulant regime tested in these trials ' ' had seri
ous shortcomings, which erroneously might 
have led coumanns to be qualified as non et-
feclive or even detrimental after stenting 
Coumanns were started following interven
tion, thus after thrombus formation had taken 
place ^ ' In this set-up, it not only takes sever
al days before coumanns become effective, 
but coumanns might even lead to a transient 
hypercoagulable state from the rapid suppres
sion ot the anticoagulant activity of protein C 
relative to the decrease in the levels ot Factor 
VII as well as other vitamin K-dependent fac
tors " Heparin was administered until an ade
quate level of anticoagulation with coumanns 
was achieved However, heparin may activate 
platelets IS '' In addition, heparin does not re 
duce thrombin generation " Because thrombin 
plays a critical role in both amplification of the 
coagulation cascade and platelet activation, 
persistent thrombin generation may increase 
the risk for thrombotic complications 

We hypothesized that oral anticoagulants 
may improve the safety ot stenting when they 
are started before the procedure with an ade

quate level of anticoagulation during stenting 
To tind proof for this hypothesis, we analyzed 
whether patients randomized to aspirin and 
coumanns, started a week before stenting, suf
fered fewer complications than patients pre-
treated with aspirin alone 

Methods 
Study patients participated in the Balloon 
Angioplasty and Anticoagulation Study 
(BAAS) The study protocol of BAAS was de
scribed previously '" In short patients were ran
domized to aspirin alone (ASA group) or to 
coumanns and aspirin (coumarm group) It was 
aimed to randomize at least I week betore PCI 
Acenocoumarol was started by the study-
coordinating center for outpatients and by the 
treating physician for inpatients Dosing was 6 
mg on the first day 4 mg on the second, 2 mg/d 
from the third day until intervention The target 
prothrombin time was 2 1-48 international nor
malized ratio (INR) at the start ot the procedure 
and during follow-up An INR in the target 
range at the start ot the procedure was, howev
er, not a prerequisite to perlorm PCI A single 
heparin bolus of 10,000 units was given at the 
start of the procedure to all patients During the 
trial period ticlopidine became available in the 
Netherlands Since then, when a stent was 
placed it was left to the discretion of the opera
tor to start ticlopidine (loading dose, 500 mg, 
then 250 mg twice daily for 4 weeks) or to con
tinue coumanns Platelet glycoprotein (GP) 
Ilb/IIIa receptor blockers were not used A pol
icy of provisional stenting was used 
Electrocardiograms and serum creatine Phos
phokinase (CPK)/MB isoenzyme were ob
tained betöre, at least 6 hours after the proce
dure and on the next morning If abnormalities 
were noted, serial analysis was done Sheath re
moval was on the same day it the PCI was per
formed in the morning, and on the next day it 
the procedure was performed in the afternoon 
Routine assessment of INR before sheath re
moval was not performed Groin compression 
was done with a mechanical device 
(Femostop®) for at least 1 hour and with a pres 
sure bandage for 12 hours during bedrest 
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Chapter Ί 

TABLE 1. Baseline Clinical Characteristics 

Age - yr (mean) 

Male sex - no (%) 

Risk factors - no. (%) 

Diabetes 

Hypertension 

Hypercholesteremia or lipid-lowermg 

Smoking in preceding half year 

Clinical features- no. (%) 

Previous myocardial infarction 

Previous angioplasty 

Previous stroke 

Angina class (CCS*) 

1 

II 
III 

IV 

IV and ST-T changes 

No. of diseased vessels - no. (%) 

1 

2 
3 

EF <50% - no (%) 

ASA 
group 

(N=188) 

59 3 

145 

18 
41 

142 

65 

74 

26 

8 

4 
56 

80 

48 
21 

126 

58 
4 

37 

±10 2 

(77 5) 

(9 6) 

(219) 

(75 9) 

(34 2) 

(39 6) 

(13 8) 

(4 3) 

(2.1) 

(29.9) 

(42.2) 

(25.7) 

(11.2) 

(67 4) 

(30 5) 

(21) 

(19 8) 

Coumarin 

group 

(N=181) 

59 8 

128 

16 

43 
149 

61 

73 
21 

1 

4 

47 

83 

46 
20 

117 

55 
7 

30 

±10 2 

(711) 

(8 9) 

(23 9) 

(82 8) 

(33.9) 

(40 6) 

(119) 

(0 6) 

(2 2) 

(261) 

(46.1) 

(25 6) 

(11.1) 

(65.2) 

(30.6) 

(3 9) 

(16.7) 

P-value 

0 64 

0 23 

0 60 

0 71 

016 

0 91 

1.00 

0 67 

0 037 

0 87 

0 80 

0 66 

0 22 

Plus - minus values are means ± SD ' The Canadian Heart Cardiovascular classification was used 

Definitions and End Points 
Stent occlusion was based on a Thrombolysis in 
Myocardial Infarction (TIMI) flow grade 0 or 1. 
Bailout stenting was defined as placing a stent 
for dissection with compromised flow or for 
residual stenosis with evidence of ischemia. 
Myocardial infarction was defined as new Q-
waves in 2 or more contiguous leads or a new 
left bundle branch block and a rise in CPK to at 
least 3 times the normal value after the proce
dure or to at least 2 times during follow-up. 
Non-Q-wave myocardial infarction was based 
only on cardiac enzymes as described. A stroke 
was based on imaging and on neurologic eval
uation. In the absence of imaging, stroke was 
classified as hemorrhagic. Major bleeding was 
defined as an acute bleeding leading to hospi
talization and/or death, blood transfusion or 
surgical intervention. Minor bleeding was de

fined when leading to discontinuation of the 
study medication without hospitalization. 

The primary end point was the composite of 
all cause mortality, myocardial infarction, tar
get lesion reintervention or stroke during the 
first 30 days. The primary safety end point in
cluded bleedings and vascular groin complica
tions. An independent safety committee re
viewed all events. 

Results 

Patient population 
The clinical (Table 1) and angiographic base
line characteristics (Table 2) of the 2 groups 
were comparable. The mean interval from ran
domization to PCI was 11.6 days in the 
coumarin group and 12.1 days in the ASA group 
(Z^NS). There were no adverse events before 
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TABLE 2. Angiographic Characteristics 

Target vessel - no. (%) 

Left anterior descending 

Left circumflex 

Right coronary artery 

Left mam coronary artery 

Restenotic lesion - no (%) 

Ostial location of lesion - no. (%) 

Bifurcated lesion - no (%) 

Moderate-severe calcification - no (%) 

Angulation > 45 degrees - no (%) 

Eccentricity - no (%) 

TIMI grade 0 flow - no (%) 

Lesion length - mm 

<10mm-no (%) 

10-20 mm 

>20 

Stenosis - % of luminal diameter 

Balloon size - mm 

Nominal largest balloon size - mm 

Stents per lesion - no 

Total stent length 

Rest dissection after stentmg 

Plus - minus values are means ± SD 

the initial intervention. Approximately 11 % of 
the patients had been admitted for unstable 
angina with ST-segment changes and were 
"cooled-off ' with heparin and aspirin before 
PCI. 

Stents and Anticoagulation 
A total of 249 stents were placed in 188 ASA 
patients and 242 stents in 181 coumarin pa
tients. The reasons for stenting were almost 
similar in the two groups: recoil 15%, residual 
stenosis 10% and dissection 75%. Bailout sten
ting was necessary for abrupt vessel closure in 
14 ASA patients (7.5%) and 7 coumarin pa
tients (3.9%). Bailout stenting for threatening 
closure was performed in 34 ASA patients 
(18.1%) and in 36 coumarin patients (19.9%). 
In the ASA group, ticlopidine was added in 106 
patients (56%) and 82 patients received no oth-

Coumarins and Stents 

ASA Coumarin 

group group 

(N=221) (N=224) P-value 

104 (47.1) 

37 (16 7) 

80 (36 2) 

0 

12 (5.4) 

48 (21.6) 

13 (5 9) 

44 (19.8) 

50 (22 6) 

156 (70 6) 

10 (4.5) 

12.8±61 

57 (25.8) 

120 (54.3) 

44 (19.9) 

80 5±12 9 

3.3±0.37 

3 5±0 41 

1 12±0 38 

20.7±8.7 

25 (113) 

104 

36 

82 

2 

13 

47 

15 

59 

46 

159 

12 

11 8 

73 

118 

33 

79.5 

3 27 

35 

108 

19.7 

21 

(46 4) 

(16.1) 

(36.6) 

(0.9) 

(5.8) 

(210) 

(6.7) 

(26.3) 

(20.5) 

(71.0) 

(5 4) 

l±5 8 

(32.6) 

(52.7) 

(14 7) 

i±11.5 

'±0 4 

i±0 43 

l±0.32 

'±7 7 

(9.4) 

0 76 

0 91 

0.85 

0.12 

0 65 

0 53 

0 07 

0.62 

0.68 

0.75 

0.21 

0.21 

0.46 

er treatment. In the coumarin group, ticlopidine 
replaced oral anticoagulants in 24 patients 
(13%). None of the patients received a GP 
Ilb/IIIa receptor blocker. The INR data were 
complete except for 1 patient. The mean INR at 
the time of the intervention was 2.7±1.0, during 
30 days follow-up 2.9±0.43. 

Procedural Outcomes and Early Events 
One coumarin patient (0.6%) died due to a he
morrhagic stroke. In the ASA group 2 patients 
(1.1%) died: 1 due to multi-organ failure caused 
by cholesterol emboli and the other due to pneu
monia. In the coumarin group 10 patients 
(5.6%) suffered from a procedural myocardial 
infarction versus 18 patients (9.6%) in the ASA 
group (RR, 0.58; 95% CI, 0.28-1.22). Of these 
myocardial infarctions, in both groups, 6 (3.2% 
of the patients and 2.4% of the stents) were due 
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TABLE 3. Procedural Outcomes and Clinical Events 

Angiographic success - % of lesions 

Primary end points 

Death 

Myocardial infarction 

Q-wave 

Non-Q-wave 

Acute coronary bypass surgery 

Acute repeat angioplasty 

Stroke 

Any event 

Bleeding and vascular complications 

Major m-hospital bleeding 

False aneurysm 

ASA 
group 

(N=188) 

number 

98 9 

2 (11) 

18 (9 6) 

6 (3 2) 

12 (6 4) 

0 
18 (9 6) 

0 
24 (12.8) 

1 (0 5) 

3 (16) 

Coumarin 

group 
(N: =181) 

(percent) 

98.6 

1 
10 
2 
8 
1 

10 
1 

13 

4 
6 

(0 6) 

(5 6) 

(11) 
(4 4) 

(0 6) 

(5 6) 

(0 6) 

(7 2) 

(2.2) 

(3 3) 

Relative 

risk 

0.52 (0.05-5 68) 

0 56(0 27-122) 

0.35 (0 07-1 69) 

0 69(0 29-166) 

M 49 
0 58 (0 27-1 22) 
P=0 49 

0 56 (0 30-1 07) 

417(0 47-36 8) 

2 08(0 53-818) 

to stent thrombosis. Overall, a primary event 
occurred less often in the coumarin group: 13 
(7.2%) versus 24 (12.8%) in the ASA group 
(RR, 0.56; 95% CI, 0.3-1.07) (Table 3). The as
sociation of stent occlusions with other primary 
events in the individual patients is shown in 
Table 4. 

The incidence of bleeding and vascular 
groin complications was low (Table 3). In the 
coumarin group there were 4 major bleedings 
(2.2%) (3 access site and 1 gastrointestinal) and 
6 false aneurysms (3.3%). In the ASA group, I 
major bleeding (0.5%) (access site) and 3 false 
aneurysms (1.6%) occurred. None of the major 
extra cranial bleedings were fatal. Most of the 
false aneurysms could be treated by ultrasound-
guided compression or insertion of collagen (in 
7 patients) and 2 patients underwent a surgical 
correction. 

The mean hospital stay was 2.75±3.2 days 
(median 2 days) in the coumarin group versus 
2.3±2.3 days (median 2 days) in the aspirin 
group (/>=(). 15). 

Discussion 

In this prospective study, two important obser
vations were done. First, pretrealmenl with 

coumarins on an outpatient basis is feasible for 
patients undergoing coronary intervention. 
Second, pretreatment with coumarins improves 
the safety of stenting. Aspirin plus coumarins 
reduced procedural complications by 50% as 
compared to aspirin alone, despite more fre
quent use of ticlopidine in the aspirin group. 

Safety 
Coumarins were started in many patients on an 
outpatient basis. This appeared to be safe as 
none of the patients experienced an adverse 
event before intervention. Although two 
coumarin patients suffered a stroke (one fatal), 
the one-year stroke rate in the total BAAS pop
ulation was similar in the coumarin group as 
compared with the aspirin group (0.6% in both 
groups).'* Coumarins did increase the rate of 
major bleedings. But importantly, none of the 
bleedings were fatal and most were procedure-
related that could be treated by transfusion or 
non-surgical interventions without a significant 
increase in the mean hospital stay. 

Previous trials 
Four randomized trials (ISAR, STARS, 
FANTASTIC, MATTIS) have shown that 
aspirin plus ticlopidine has a lower rate of stent 
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TABLE 4. Individual Use of Ticlopidine and Events after Stent Thrombosis 

ASA group: 

Patient 1 

Patient 2 

Patient 3 

Patient 4 

Patient 5 

Patient 6 

Coumarin group 

Patient 1 

Patient 2 

Patient 3 

Patient 4 

Patient 5 

Patient 6 

Ticlopidine 

X 

X 

X 

X 

X 

Death 

Y 

Yt 

Ml 

Q 
NQ 

NQ 

NQ 
Q 

NQ 

NQ 

NQ 

Q 
Q 
NQ 

NQ 

Stent 

occluded 

C 

C 

c 
c 
0* 

c 

c 
c 
c 
c 
c 
c 

CABG 

Ζ 

Days post 

stenting 

3 
1 

3 

2 
2 
4 

1 

5 
1 

5 
4 

7 

Ml denotes myocardial infarction CABG coronary artery bypass grafting X indicates that the patient was treated with lido 

pidme Y that the patient had died Yt that the patient died late after the stent occlusion NO that the patient suffered a 

non Q wave infarction Q that the patient suffered a 0 wave infarction C that the stent was proven closed by angiogra 

phy 0 that the stent was proven open by autopsy or angiography Ζ that the patient underwent urgent CABG * This pa 

tient had been given streptokinase in the referring hospital 

thrombosis than aspirin plus post-procedural 
oral anticoagulants ' ' However, these trials 
might lack the essential timing, since thrombus 
formation takes place during and immediately 
after coronary intervention ", when it takes 
days before oral anticoagulants are effective 
For this reason, in these trials unfractionated 
heparin was given until optimal anticoagulation 
was obtained This regime has two potential 
limitations First, coumanns might lead to a 
transient hypercoagulable state from suppres
sion of protein C before inhibiting the clotting 
factorsl4 Second, unfractionated heparin might 
be harmlul because it lightens the interaction ol 
thrombin to fibrin thereby shielding thrombin 
from the heparm-antithrombin-III complex, it 
binds variably to plasma proteins leading to an 
unpredictable availability, and importantly it 
can activate platelets ' ,"' ," In contrast, in the 
present trial we started coumanns before the 
procedure to obtain adequate anticoagulation 
during stenting. Our results suggest that when a 
stable level of anticoagulation with coumanns 

is obtained before intervention, it improves the 
safety of stenting 

Vulnerable Period 
Interestingly, in the FANTASTIC trial more 
acute stent occlusions occurred during the lirst 
day in the antiplatelet group than in the pa
tients randomized to anticoagulation (2 4% 
versus 0 4%)." Also in the ISAR trial the an
tiplatelet treatment became superior only after 
day 3 " In contrast, in our study, the coumarin 
group was more favorable during the first days 
after stenting suggesting that pretreatment 
with oral anticoagulants is useful in prevent
ing thrombotic complications awaiting the de
layed onset ol action of ticlopidine 
Nowadays, Clopidogrel has replaced ticlopi
dine in many centers, because it is as effective 
in preventing thrombotic complications as 
ticlopidine but has less side effects ^ ^ 
Moreover, as Clopidogrel has a laster onset ol 
action than ticlopidine, its use might reduce 
the risk ol stent occlusion in the first days tol-
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lowing stenting.2'1 In the study by Muller et al, 
patients were assigned to aspirin plus Clopido
grel (75 mg daily) or aspirin plus ticlopidine 
(250 mg twice daily), both without a loading 
dose " Despite the earlier onset of platelet in
hibition of Clopidogrel compared with ticlopi
dine, the incidence of stent thrombosis was 
higher in the Clopidogrel group (3.1% versus 
1.7%, /^NS), and 6 of the 9 stent thrombosis 
in the two treatment groups and 4 of the 7 stent 
thrombosis in the Clopidogrel group occurred 
on or before day 2." In the randomized Ticlid 
or Plavix Post-Stent (TOPPS) trial, Clopido
grel (300 mg) and ticlopidine (500 mg) were 
started with a loading dose after successful 
stent placement The incidence of stent occlu
sion was similar in the two treatment arms 
(2.02% with Clopidogrel versus 1.92% with 
ticlopidine; Z^O 9)." These data suggest that 
also Clopidogrel should be started with a load
ing dose Whether pretreatment with Clopido
grel is more effective than starting immediate
ly after stenting is currently unknown 

However, in-vitro studies demonstrate that 
even when Clopidogrel is given before stent
ing, thrombin induced platelet aggregation is 
not inhibited ^ Thus, these data provide evi
dence for additional anticoagulation during 
stenting, which can be done by pretreatment 
with coumarms As an alternative, two ran
domized trials showed that additional GP 
Ilb/IIIa receptor blockers (abciximab and epti-
fibatide) further improve the safety of stent
ing1017 But, although the addition of GP 
Ilb/IIIa receptor blockers to stenting is effec
tive, it is also expensive with a consequence 
that they are used in only a very limited num
ber of patients in many - mostly non-US -
countries We did not compare our strategy to 
the use of GP Ilb/IIIa receptor blockers. 
Despite this, we speculate that coumarin pre
treatment might be a less expensive alternative 
to GP Ilb/IIIa receptor blockers The cost of 4 
weeks coumarin treatment in the Netherlands, 
including INR monitoring, comes close to $ 50 
per patient, whereas the cost of treatment with 
GP Ilb/IIIa receptor blockers ranges between 
$500 and $1500 ^ 

Limitations 
Our policy of coumarin prelreatment does not 
allow the use of ad hoc angioplasty and stent
ing, which is the dominant practice in many 
centers in the US. It is also not suitable for pa
tients with unstable angina in whom it is im
possible to delay the procedure (>3 days) to ob
tain an adequate INR. In many non-US coun
tries, however, ad hoc intervention is not the 
routine and provisional stenting is the strategy 
of choice, which has been shown to be an ex
cellent alternative for routine stenting 1'' " 

During the study period the combination 
of aspirin and ticlopidine was shown to be 
superior to aspirin and post-procedural 
coumarin therapy. It would therefore appear 
logical to compare pretreatment with aspirin 
and coumarms to the combination of aspirin 
and a thienopyndine. Because ticlopidine be
came only available in the Netherlands at the 
end of the first study year we were unable to 
make this interesting comparison Retro
spective data from the EPISTENT trial sug
gested that starting ticlopidine before PCI re
duces complications after stenting in patients 
not receiving abciximab ^ It may therefore be 
even more interesting to evaluate the combina
tion of pretreatment with coumarms and a 
thienopyndines as compared with a GP Ilb/IIIa 
receptor blocker to prevent complications after 
stenting taking also costs into account 

Conclusions 

Coumarin pretreatment in a policy of provi
sional stenting reduced procedure-related in
farctions and the need for acute re-interven-
tions. This suggests that complications after 
stenting are not only platelet mediated but also 
involve the coagulation factors 

The Safety committee consisted of Jan Tijssen, 
Epidemiologist, PhD and Harry Buller, MD, 
PhD, Academic Medical Center, Amsterdam 
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Chaptei 8 

Costs and Effects of Using Coumarins Before, During 
and After Coronary Angioplasty. 

Aims - In the Balloon Angioplasty and Anticoagulation Study (BAAS), coumarins added to rou
tine aspirin before coronary angioplasty reduced cardiac events at the cost of a slightly higher risk of 
bleeding complications In the present study, cost-effectiveness of coumarin treatment was analyzed, 
based on the occurrence of both cardiac and bleeding events 

Methods - Effectiveness was measured in terms of the number of events occurring at one year 
applying two definitions In the first definition, the occurrence of death, myocardial infarction (MI), 
or stroke was assessed The second definition also included revascularizations and major bleedings 
as an event Costs were limited to the direct medical costs. Cost-effectiveness was addressed by prob
ability ellipses representing the point estimates and uncertainties surrounding both costs and effects 

Results-Alone year, death, MI or stroke occurred 1 1% less often when treating with coumarins 
When also including revascularizations and major bleedings, the difference was 5.0% Overall, the 
additional costs in relation to the coumarin treatment were compensated by a reduction in repeat 
interventions When including all costs, the savings associated with coumarin treatment were esti
mated at Euro 235 per patient after one year The probability that coumarin is cost saving was esti
mated at 0 85 The probability that coumarin combines additional effectiveness with cost savings was 
estimated at 0 70 when considering survival free from MI or stroke as effectiveness measure and at 
0.83 when considering survival free from MI, stroke, revascularization or major bleeding 

Conclusion - Coumarins started before coronary angioplasty and continued during follow-up 
may not only be considered more effective but also cost saving 

Key Words: • coronary angioplasty • oral anticoagulants • cost-effectiveness 
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The randomized Balloon Angioplasty and 
Anticoagulation Study (BAAS) assessed 

the safety and efficacy of using coumanns 
started before coronary angioplasty and con
tinued for six months follow-up ' The one-year 
results indicated a reduction in coronary 
events (myocardial infarctions and revascular
izations) at an increased risk of major and mi
nor bleedings. Based on the magnitude of the 
differences and the seriousness of the events, 
the conclusion was drawn that the benefits 
outweighed the additional risks However, 
these aspects may not be the only ones to take 
into consideration. Costs may be important 
too. Although one might expect cost savings 
due to the decreased number of coronary 
events, it needs to be realized that treatment 
with coumanns requires regular monitoring, 
and that there will be additional costs associ
ated with the increased risk of bleeding com
plications In the present study, costs and ef
fects of coumann treatment were analyzed 
based on the occurrence of both cardiac events 
and bleeding complications. 

Methods 

Study population 
The results of the prospective randomized 
BAAS trial have recently been reported ' In 
short, the study population consisted of 1,058 
consecutive patients referred for elective coro
nary angioplasty between March 1996 and 
November 1997 The patients were openly 
randomized to the use of aspirin alone (528 pa
tients) or aspirin plus coumanns (510 pa
tients). Patients with unstable angina were 
"cooled-off" with aspirin and heparin, when
ever possible, before intervention Aspirin 
(loading dose 100 mg, then 100 mg/d) and 
coumanns were started a week before inter
vention. The study-coordinating centre started 
the coumann therapy for outpatients and the 
treating physician for inpatients Patients were 
routinely hospitalised on the morning of the 
intervention After discharge dosing was done 
by one of the regional thrombosis services 

The target prothrombin time was 2.1-4 8 
international normalized ratio (INR) at the 
start of the procedure and during six months 
follow-up Although it was the aim to obtain 
an INR in the target range before the proce
dure, it was not a prerequisite to perform an
gioplasty. None of the patients was lost to fol
low-up and information about morbidity, angi
na pectoris (according to the CCS) and the use 
of the main groups of anti-ischemic drugs was 
collected during outpatient visits as well as by 
telephone interview The study was carried out 
according to the principles of the Declaration 
of Helsinki and was approved by our institu
tional ethics committee 

Effectiveness 
The clinical end point used in the BAAS tri
al was event-free survival after one year, in
cluding death, myocardial infarction (MI), 
stroke and revascularization as events. There 
are various reasons why this outcome may be 
subject to criticism Using this composite 
end point, repeat angioplasty receives the 
same weight as MI, and MI has the same 
weight as dying Moreover, bleeding compli
cations, neither minor nor major, get any 
weight. Ideally, one would want to use the 
number of Quality Adjusted Lite Years 
(QALYs) gained However, no data on the 
quality of life of the study population has 
been collected Therefore, we followed the 
same approach as in earlier cost effective
ness studies in treatment for coronary disease 
using two definitions of event-free survival." 
J The first was defined as the percentage of 
patients surviving 12 months without MI or 
stroke The second was defined as the per
centage of patients surviving 12 months 
without MI, stroke, revascularization or ma
jor bleeding. This included all revasculariza
tions, also the non-target revascularizations. 
Major bleeding was defined as bleeding lead
ing to death, blood transfusion or surgical in
tervention Minor bleedings, defined as lead
ing to discontinuation of medication but not 
to hospitalization or treatment, were not 
counted as events 
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Costs 
Costs were calculated by multiplying resource 
utilization per patient, as collected alongside 
the trial, with estimates of unit costs 
Distinction was made between the initial hos
pitalization and the one-year follow-up period 
Resource utilization concerned hospital length 
of stay (starting from the day of randomisation 
and distinguishing between coronary/intensive 
care unit or general ward), the initial angio
plasty procedure, acute and late reinterventions 
and additional procedures associated with 
strokes and bleedings Costs for hospital slay 
when undergoing reintervention were included 
in the total costs concerning this reinterven-
tion All reinterventions were performed in the 
St Antonius Hospital If bleeding complica
tions were managed in the referral hospital, 
costs were counted as if the patient were hos
pitalised in the St Antonius Hospital All in-
hospital unit costs were estimated on the basis 
of information from the budgetary department 
of the St Antonius hospital in Nieuwegein dur
ing 1999 and expressed in Euro (EUR=2 2 
DU) The additional costs of coumarms were 
estimated at Euro 40 for six months of treat
ment Costs of other cardiac medication were 
estimated on the basis of the numbers of pa
tients using beta-blockers, calcium antago
nists, nitrates and statins after one year The 
costs of outpatient anticoagulation monitoring 
were valued with amount per INR monitoring 
as charged by the regional thrombosis centres 
in 1999 

TABLE 1. Patients with Events at One Year 

Death 

Ml 

Stroke 

Revascularisations 

Major bleedings 

Death or Ml or stroke 

Death or Ml or stroke or revascularisation 

Death or Ml or stroke or revascularisation or 

Ml denotes myocardial infarction 

Cost effectiveness 
The balance between costs and effects was ad
dressed by calculating the average and the in
cremental cost-effectiveness ratios at one year 
The average cost-ellectiveness ratios were de
fined as the average costs at one year per patient 
treated with aspirin alone or with aspirin and 
coumarms, divided by the percentage of event-
free survivors at one year The incremental cost-
effectiveness ratios were defined as the differ
ence in average costs between the two groups at 
one year, divided by the percentage increase in 
event-free survival at one year 

Statistical analyses 

Diflercnces in events were tested using the χ -
test Differences in resource use were tested by 
the Student / test Average and incremental cost-
effectiveness ratios were expressed with 95% 
confidence intervals (CI) by Fieller's approxi
mation Costs and effects are also expressed in 
a two-dimensional cost-effectiveness (CE)-
plane with effects on the horizontal axis and 
cost on the vertical axis4 Within this plane the 
uncertainties surrounding the estimates are ex
pressed by confidence ellipses where the outer 
ellipses defines the smallest area where both 
costs and effects are located with 95% proba
bility, the middle ellipse with 50% probability, 
and the inner ellipse with 5% probability The 
centre of the ellipses is the point estimate of 
both average costs and effects Additionally, the 
probabilities were derived that treatment with 
coumarms is a) more effective and cost saving 

ASA 

6 
21 

3 
114 

1 
4 7% 

21 9% 

22 2% 

Couman 

6 
14 

3 
79 

12 
3 6% 

15 5% 

17 2% 
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b) more effective and more costly c) less effec
tive but cost saving and d) less cfteclive and 
more costly 

Results 

The patients in the two groups were similar with 
respect to baseline characteristics ' In most of 
the patients in the two groups, medication was 
started at an outpatient basis 88.4% in the 
coumann group and 88.5% in the aspirin group. 
The mean lime interval from randomization to 
PTCA was 11.8 days in the coumann group and 
12 4 days in the AS A group The number ol ma
jor events at one year is depicted in Table 1 In 
both groups six patients died and three patients 
had a stroke. There were less myocardial in
farctions in the coumann group: 14 versus 21 in 
the ASA group Also, less immediate re-angio-
plasties for acute vessel closure (7 versus 14) as 
well as less early (13 versus 23) and late target 
lesion re-angioplaslies (50 versus 66) were per
formed in the coumann group. Overall, at one 
year less revascularization (target lesion related 
and non-related) were performed in the 
coumann group than in the aspirin group (79 
versus 114) Bui major bleeding (12 versus 1) 
and false aneurysms (10 versus 4) were more 
prevalent in the coumann group In 20 patients 
in the aspirin group, coumarms were started at 
a mean interval of two months after coronary 
angioplasty, because of thromboembolic events 
or atrial fibrillation 

Costs and Cost-effectiveness 
The costs associated with events and days spent 
in a coronary/intensive care unit or general 
ward during the initial hospital stay and during 
follow-up are depicted in Table 2 Overall, the 
additional costs in relation to the coumann 
treatment (drug· Euro 40 and INR-control Euro 
89) were compensated by a reduction in repeat 
angioplasties during hospitalization (Euro 98) 
and especially during follow-up (Euro 225). 
When including all costs, the savings associat
ed with coumann treatment after one year were 
estimated at Euro 235. The average cost-effec
tiveness ratio (calculated from the average total 

costs [Table 2] and the event-tree survival 
[77.5% lor the aspirin group versus 83.0% for 
coumann group] was Euro 11,251 (95% CI 
9,917-12,703) for the aspirin group and Euro 
9,717 (95% CI 8,574-10,937) for the coumann 
group When limited to direct medical costs, the 
incremental cost effectiveness ratio was esti
mated to be Euro -11,673. The uncertainties 
surrounding the estimates are illustrated in 
Figure 1 and 2. The results indicate that the 
probability that coumann treatment is more ef
fective is less apparent when considering death, 
MI or stroke (0 83) (Figure 1 ) then when con
sidering death, MI, stroke, revascularization or 
major bleeding (0.98) (Figure 2). The probabil
ity that coumann is cost saving was estimated 
at 0 85 The probability that coumann com
bines additional effectiveness with cost savings 
was estimated at 0 70 when considering death, 
MI or stroke as effectiveness measure and at 
0 83 when considering death, MI, stroke, revas
cularization or major bleeding. The converse, 
the probability that aspirin alone is more effec
tive and less costly was estimated at respective
ly 0.03 and 0.003. So, the calculations concern
ing both costs and ellecls were estimated to be 
in favour of coumann treatment. As such 
coumann treatment can be labelled as econom
ically dominant 

Discussion 

Coronary angioplasty is complicated by abrupt 
vessel closure and restenosis. These complica
tions not only increase morbidity and mortality 
but also cost In the Balloon Angioplasty and 
Anticoagulation Study (BAAS) we recently 
showed that the addition of coumarms to rou
tine aspirin significantly reduced (thrombotic) 
cardiac complications following coronary an
gioplasty But, on the other hand, coumarms 
also led to more bleeding complications ' In the 
present study we evaluated the costs and effects 
of coumann treatment taking both thrombotic 
events and bleedings into account Coumarms 
improved the one-year survival free of throm
botic and bleeding events with an absolute 
5 0%. Furthermore, mainly due to less revascu-
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TABLE 2. Resource Utilisation, Unit Costs and Costs per Patient at one Year 

Total count 

ASA Coumarin unit costs (in €) 

Costs per patient (in EUR) 

ASA Coumarin Difference 

No of patients 

Initial hospitalisation 

Initial procedure (exi balloons & stents) 

Balloons 

Stents 

No of re-dilatations 

Ward 

ecu 
CABG 

Re-angioplasty 

Stents with re-angioplasty 

FA ultrasound compression 

FA plug 

FA operative treatment 

Major bleeding 

Sub-total 

Follow-up (Cardiac) 

INR measurements 

Angiography 

Angioplasty 

Stents used with angioplasty 

CABG 

coumarin 

beta blockers 

calcium antagonists 

nitrates 

statins 

Sub-total 

Follow-up (Stroke related) 

CT stroke out patient 

Stroke IC days 

Stroke ward days 

Stroke surgery 

Sub-total 

Follow-up (Bleeding related) 

Gastroscopy 

Blood products 

Hospital days 

Sub-total 

Total costs 

528 

528 
616 
229 
14 

1,685 

33 
1 

23 
20 
2 
2 
0 
1 

150 
322 
86 
49 
12 
20 
133 
321 
54 
203 

3 
17 
28 
1 

0 
0 
0 

530 

530 
622 
232 
7 

1,744 

27 
3 
13 
10 
6 
2 
2 
7 

5,929 

309 
67 
30 
9 

528 
126 
322 
51 
196 

2 
11 
11 
1 

3 
5 
4 

2,100 

360 
910 

2,500 

360 
730 

6,500 

2,500 

910 
60 
700 
410 
250 

8 
685 

4,680 

910 
10,742 

40 
180 
180 
180 
700 

910 
1,090 

360 
1,815 

122 
90 
360 

2,100 

420 
395 
66 

1,149 

46 
12 
109 
34 
0 
3 
0 
0 

4,334 

2 
418 
762 
84 
244 
2 
45 
109 
18 
269 

1,953 

5 
35 
19 
3 
63 

0 
0 
0 
0 

6,350 

2,100 

422 
398 
33 

1,185 

37 
37 
61 
17 
1 
3 
2 
3 

4,299 

89 
399 
592 
48 
182 
40 
43 
109 
17 
259 

1,778 

3 
23 
7 
3 
37 

1 
1 
3 
4 

6,115 

0 
2 
3 

-33 
36 
-9 
25 
-48 
-17 
0 
0 
2 
3 

-36 

87 
-18 
-171 

-36 
-62 
38 
-3 
0 
-1 
-10 
-175 

-2 
-12 
-12 
0 

-26 

1 
1 
3 
4 

-235 

CABG denotes coronary artery bypass surgery, FA false aneurysm, CT computed tomography 
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Coumarins and Cost 

larizations, coumarins also reduced costs at one 
year (Euro 6,115 versus 6,350). Thus, coumarin 
therapy in addition to aspirin, started before 
coronary angioplasty and continued for six 
months, is not only more effective than aspirin 
alone but also saves costs. Several other treat
ments were evaluated to improve outcome after 
coronary angioplasty. Of these, the use of 
stents, of platelet glycoprotein (GP) Ilb/IIIa-re-
ceptor blockers, and the combination of the two 

were shown to be effective. In the most effec
tive stent-study until today, the BENESTENT-
II study, stents improved the one-year survival 
free from myocardial infarction or target-vessel 
revascularization with an absolute 6.3% as 
compared with balloon angioplasty. This im
provement in outcome was mainly due to less 
repeat revascularizations in the stented patients. 
With respect to costs, the use of stents increased 
the initial costs but at one year this was partly 
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recouped by less repeat revascularizations. 
Nevertheless, at one year, stenting remained 
more expensive (Dfl 2,085 per patient) than 
balloon angioplasty.5 

The EPISTENT trial randomly assigned 
809 patients to stent plus placebo, 794 patients 
to stent plus abciximab, and 796 patients to bal
loon angioplasty plus abciximab. At one year 
the composite end point of death, myocardial 
infarction or target-vessel revascularization 
was reduced by an absolute 3.9% by the use of 
stent plus abciximab as compared to stent plus 
placebo and by 5.2% as compared to balloon 
angioplasty plus abciximab.6 The improvement 
in outcome in the stent plus abciximab group 
was predominantly due to less myocardial in
farctions when compared to the stent plus 
placebo group and due to less revasculariza
tions when compared to the balloon angioplas
ty plus abciximab group. Thus the efficacy of 
stenting and the safety of abciximab made this 
combination very effective. Furthermore, the 
EPISTENT trial was the fist to show a benefi
cial effect of a percutaneous revascularization 
strategy on mortality. One-year mortality was 
1% when stenting was combined with abcix
imab versus 2.4% when only stenting was used 
(/,=0.037).7 However, one has to realize that in
creased bleedings with the use of abciximab 
were not included in this analysis. Also, that the 
EPISTENT trial was not adequately powered to 
study statistically significant differences in 
mortality considering the low absolute mortali
ties (8 and 19 patients, respectively). And the 
one-year mortality reduction observed with ab
ciximab was primarily due to a lower mortality 
in diabetic patients (1.2% with abciximab ver
sus 4.1 % with placebo; P=0.11). In nondiabet-
ics it was 1.0% versus 1.9%, respectively 
(P=Q. 16). In the EPISTENT trial, the improved 
outcome was associated with increased costs: 
the one-year cumulative costs for stent plus ab
ciximab were US$ 17,951 versus US$17,019 
for stent plus placebo and US$ 17,370 for bal
loon angioplasty and abciximab. A cost-effec
tiveness ratio of US$ 6213 per added life-year 
for stent plus abciximab when compared to 
stent alone and US$ 5291 when compared to 

balloon angioplasty plus abciximab was esti
mated.7 

In conclusion, our results show that the use 
of coumarins before, during and after coronary 
angioplasty not only improves outcome but 
also reduces costs. Several other studies have 
demonstrated the effectiveness of other means 
(stents and/or GP Ilb/IIIa receptor blockers) to 
improve outcome after coronary angioplasty. 
However, in these studies costs were in
creased. 
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Chaptei 9 

Pretreatment with Oral Anticoagulants Decreases 
Platelet Activation in Patients Before and After 

Percutaneous Coronary Intervention 

Background- Platelet activation plays a major role in acute vessel closure dtter coronary angioplas
ty In the randomized Balloon Angioplasty and Anticoagulation Study (BAAS) prelreatment with oral 
anticoagulants in addition to aspirin resulted in a 47% reduction of acute complications as compared with 
aspirin alone This result may suggest a direct effect of oral anticoagulants on platelet activation 

Methods and Results - Patients were randomized to aspirin alone (group A, n=26) or to aspirin 
plus oral anticoagulants started one week before angioplasty (group B, n=26) Platelet response tests 
were performed 1 hour before (baseline) and one hour after intervention and on day one Platelet ac
tivation was measured by flow cytometry, as the number ol antibody-positive platelets per 10,000 
counted Platelet function was evaluated with use of the PFA-100* analyzer In group B, the median 
number of P-selectin-positi ve platelets was significantly lower before (28 vs M) and after ( Π vs 24) 
angioplasty than in group A (P<0 01 for both comparisons) Also the decrease in the number ot P-
selectin-positive platelets during angioplasty was sigmf icantly lower in group Β (Δ= 15) than in group 
Α (Δ=30) (/^O 05) No further significant change was observed in platelet activation on day one in 
the two groups The ability of platelets to become stimulated as measured with the PFA-lOO" ana
lyzer was not affected by oral anticoagulants 

Conclusions - Pretreatment with oral anticoagulants resulted in significantly less activated 
platelets before and after coronary angioplasty, which is in agreement with its clinical effect of re
ducing procedural complications Platelet function was not affected by oral anticoagulants 

Key Words: • percutaneous coronary intervention • platelets • oral anticoagulants 
• flow cytometry • PFA-100® analyzer 
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Coiimai ms and Platelet Αι ti\ ation 

Acute vessel closure is a feared complica
tion of coronary intervention. This com

plication is partly caused by coronary thrombo
sis. In this process, activated platelets arc of ma
jor importance, but the coagulation factors are 
essential as well.'; In particular, thrombin plays 
a pivotal role. Thrombin converts fibrinogen to 
fibrin and it amplifies its own generation being 
a strong platelet agonist as well as an activator 
of coagulation factors V, VIII, and XIII; the lat
ter stabilizes the fibrin clot.' Therefore, it has 
been hypothesized that direct thrombin in
hibitors prevent acute coronary thrombosis. 
Indeed, this type of drugs proved to reduce the 
early complication rate during angioplasty in 
two randomized trials." In the Balloon 
Angioplasty and Anticoagulation Study 
(BAAS) prelreatment with oral anticoagulants 
resulted in a 47% lower early complication rate 
(death, myocardial infarction or urgent reinter
vention) after coronary intervention.' Wc there
fore hypothesized that coumarins reduce 
thrombotic complications by a direct an
tiplatelet effect. The present study is the first to 
analyze the effect of pretreatment with oral an
ticoagulants on platelet function and the activa
tion slate before and after percutaneous coro
nary intervention. 

Methods 

Study Protocol and Patient Population 
All patients undergoing elective angioplasty for 
stable angina were candidates for enrolment. 
Exclusion criteria were angioplasty for an acute 
coronary syndrome including a recent myocar
dial infarction (<4 weeks), known allergy to as
pirin or coumarins, known platelet dysfunction 
or coagulation disorder, abnormal platelet 
count, hematocrit out of range, renal failure and 
planned use of platelet glycoprotein (GP) 
Ilb/IIIa receptor blockers. In addition, 6 other 
patients on aspirin 1 OOmg/day for at least one 
month, undergoing diagnostic coronary an
giography for stable angina were studied. This 
control group served to study the effect of the 
nonionic, low-osmolality contrast agent (iopro-
mide; Ultravist-370", Schering, Berlin, 

Germany), used in our clinic, on platelet func
tion and activation. 

Randomization and Procedures 

Study patients were randomized to aspirin 100 
mg/day alone (group A) or to aspirin 100 
mg/day plus oral anticoagulants started 1 week 
before the intervention (group B). Target pro
thrombin time was 2.0-3.0 international normal
ized ratio (INR). However, reaching the target 
INR was not a prerequisite to participate in this 
study. The study was carried out according to the 
principles of the Declaration of Helsinki and 
was approved by our institutional Ethics 
Committee. Patients were randomized by sealed 
envelopes after informed consent had been ob
tained. At the start of the procedure, a single 
dose of 10.000 U unfractionaled heparin was 
given in all patients. Beta-blockers were stopped 
5 days before the intervention, calcium-antago
nists were started on the day of the procedure. 
Intravenous nitroglycerin was administered 
from the start of the procedure until 2 hours af
ter and 200-500 ml of 0.9% saline was infused 
during the procedure. A policy of provisional 
stenting was used. In case of stent placement, 
Clopidogrel was started shortly after the second 
blood sample was taken. When a stent was 
placed in group B, oral anticoagulant therapy 
was discontinued. Differences in platelet activa
tion and function between group A and Β were 
compared at three time points. Furthermore, the 
Δ values for platelet activation - comparison 
with the value at previous time point - within the 
two groups were studied. 

Specimen Sampling 
Blood samples were taken after the patient had 
taken 30 min rest at 3 time points: 1 hour before, 
I hour after angioplasty, and on the morning of 
day 1. Blood was taken from the antecubital 
vein through a 21-gauge needle with minimal 
venous congestion. Two ml of blood were col
lected in a lithiumheparin tube for measurement 
of potassium, sodium, creatinine and crea-
tininekinase; 2 ml in EDTA for hematocrit and 
platelet count; 2.7 ml in 0.3 ml sodiumcitrate 
(0.106 M), placed on ice for activated partial 
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thromboplastin lime (aPTT), prothrombin lime 
(PT), prothrombin time (INR) and thrombin-
antithrombin (TAT) complex by enzyme im
munoassay (Enzygnost®, Dade Behring, the 
Netherlands); 4.5 ml into a Monovette tube 
(Sarstedt, Germany) containing 0.5 ml of 0.129 
M buffered sodium citrate (pH 5.5) and kept at 
room temperature for immediate determination 
of platelet function and immunolabeling. 
Normal values are: aPTT: human normal plas
ma (HNP) ± 4 sec; PT: HNP ± 2 sec; TAT: 1.0-
4.1Mg/l. 

Whole-Blood Flow Cytometry 
No-wash direct double label immunofluores
cence staining in whole blood was used.'' Three 
μΙ whole blood were diluted with 30 μΐ Isoton II* 
(Beekman Coulter, the Netherlands) and incu
bated with 2 μΐ of appropriate concentrations of 
antibodies for 25 minutes in darkness. Then, the 
mixture was diluted with 1 ml ^paraformalde
hyde in Isoton ΙΓ and analyzed on the EPICS IP 
flow cytometer (Beekman Coulter). The platelet 
population was identified from its light scatter 
characteristics and identity was coni inmed with a 
fluorescein isothiocyanate (FITC)-conjugated 
monoclonal antibody (MAb) to the membrane 
glycoprolein-Ib (CD42a, clone:SZl, isotype: 
IgG2a, Beekman Coulter). A bitmap was set 
around the platelet population and adjusted for 
each sample in order to ensure that > 98% of the 
particles analyzed, were positive for CD42a. 
Activated platelets were identified with phyco-
erythrin (PE)-conjugated MAbs to CD62p and 
CD63 (clone: CLB-Thromb/6 and CLB gran/12, 
both IgGl -mouse, Beekman Coulter). CD62p 
(P-selectin) becomes exposed on the platelet sur
face coincident with α-granule secretion and 
CD63 during lysosomal secretion. The IgGl 
mouse control MAb (clone:X40, isotype: IgGl, 
Becton Dickinson, the Netherlands) was used to 
correct for non-specific binding of MAbs to rest
ing and activated platelets. Ten thousand 
platelets were counted and activation state was 
expressed as the absolute number of platelets 
positive for a specific epitope using XL2 soft
ware after the subtraction of non-specific bind
ing of Mabs. 

Platelet Function Testing 
The PFA-lOO" analyzer (Dade Behring, 
Germany) was used, which measures platelet 
function in whole citraled blood under high 
shear conditions.' The time needed to form a 
platelet plug occluding the aperture cut into a 
collagen/epinephrine (COL/EPI)- or colla-
gen/adenosine 5'-diphosphate (COL/ADP)-
coated membrane is determined and reported as 
the closure time (CT). The COL/EPI test car
tridge detects intrinsic platelet defects, von 
Willebrand disease as well as exposure to 
platelet inhibiting agents such as aspirin. The 
COL/ADP test cartridge is less influenced by 
aspirin use.7 With the used Sarstedt tubes, the 

TABLE 1. Clinical and Angiographic Characteristics 

Group A Group Β 

(N=26) (N=26) 

Age - yr 

Male sex 

Diabetes 

Hypertension 

Total cholesterol > 5 mmol/l 

Smoking in preceding half year 

Previous myocardial infarction 

Previous angioplasty 

Angina class (CCS#) 

65 0±10 9 

21(80 8) 

5(19 2) 

6(231) 

18(75 0) 

6(23 8) 

9 (34.6) 

4(15 4) 

66 7±8 4 

22(88 0) 

3(12 5) 

5(19 2) 

22 (81 0) 

5(19 2) 

8(310) 

5(19 2) 

1 (3 8) 1 (3 8) 

II 19(731) 20(77 0) 

III 6(23.1) 5(19 2) 

Statin use 14(53 9) 13(48 0) 

Ejection fraction < 50% 3(115) 4(15.3) 

Number of diseased vessels 

1 

2 

3 

Number of lesions 

Stented patients 

Reference diameter 

MLD before angioplasty 

MLD after angioplasty 

Lesion length, mm 

14(53 9) 

9(34.6) 

3(115) 

32 

9(35.0) 

3 0 8 ± 0 6 0 

1 00 ± 0 47 

2.48 ± 0 60 

131 ± 7 3 0 

19(73 0) 

6(231) 

1(3 9) 

33 

16(62 0) 

3 1 8 ± 0 3 7 

0.84 ± 0 34 

2 43 ± 0 65 

121 ± 5 6 0 

Age is expressed as mean ± SD, the other values as numbers (%) 

# The Canadian Society Cardiovascular classification MLD denotes 

minimal luminal diameter P=NS for all comparisons 
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COL/EPI induced closure time has a reference 
value of <142 sec and (COL/ADP) of <100 sec. 
If the formed clot was too weak, the CT could 
not be measured and the result was presented as 
>300 sec. 

Statistical Analysis 
Differences in treatment groups were tested 
with the Student's t test or with the non-para-
melnc Wilcoxon's rank sum test. Analysis was 
performed for two subgroups with use of the 
Mantel-Haenszel method. First, to study the re
sults of patients in group Β with an INR > 2.0 
versus those with an INR s 2.0. Second, for pa
tients who received a stent plus Clopidogrel ver
sus those who were treated with the combina
tion of a balloon and coumarins. Results are re
ported as mean ± SD respectively as median 
(25-75 percentile). Platelet count was adjusted 
for hemodilulion according to Beaumont." A 
Ρ value < 0.05 was considered significant. 

Results 

Randomization assigned 26 patients to group 
A and 26 patients to group B. The basic clini
cal and angiographic characteristics did not 
differ significantly between the two groups ex
cept for the number of stents placed (Table 1 ). 
Nine patients (35%) in group A and in 16 pa
tients (62%) in group Β received a stent. 
Angioplasty was complicated by a groin 
bleeding needing elective surgery in one pa
tient in group B. None of the patients suffered 
a cardiac complication. 

Control Group 
In the 6 patients undergoing diagnostic coro
nary angiography, the median indexes for 
CD62p and CD63 were comparable with values 
from healthy volunteers tested in our labo
ratory. Also COL/EPI induced aggregation val
ues were normal in all control patients. 
Angiography did not result in an increase in the 
median indexes for CD62p and CD63. Also the 
COL/EPI and COL/ADP induced closure times 
were unchanged after angiography as compared 
with before (for all comparisons /^NS) 

Study Groups Before Intervention 
Measurements of potassium, sodium, creati
nine and creatinine kinase and aPTT did not 
show any abnormality in the two groups (results 
not shown). Data on hematology are presented 
in Table 2, of TAT and INR values in Table 3 and 
of platelet activation in Table 4. Before the pro
cedure, average values for hematocrit and 
platelet count were similar in the two study 
groups. The mean TAT values were higher in 
group A than in group B: 2.25pg/l versus 1.75 
pg/l. With respect to platelet activation, we 
found a significant difference in the median in
dex for CD62p between group A and B: 54 ver
sus 28 (P=0.02). The median index for CD63 
did not differ significantly between the groups: 
15 versus 11. 

Study Groups 1 Hour After Intervention 

During intervention the hematocrit decreased sig
nificantly in both group A and B. Also the platelet 
count decreased significantly during intervention 
in the two groups, but when corrected for hemat
ocrit this number appeared to be significantly in
creased in both groups (Table 2). There was a sim
ilar increase in TAT values noted during interven-

TABLE 2. Hematocrit and Platelet Count 

Ν 

Group A 26 

Before PCI 

Atter PCI 

Dayl 

Group Β 26 

Before PCI 

After PCI 

Dayl 

Group A vs. Β 

Hematocrit 

liter/I 

0 41 ± 0.03 

0 39 ± 0.03* 

0 41 ± 0 03* 

0.41 ± 0 04 

0 38 ± 0 03* 

0 40 ± 0 04* 

# 

Values are presented as mean ± SD 

platelet count was adjusted for 

Beaumont " * Denotes significance vs 

Pits 

G/l 

220 ± 63 

2 1 2 ± 6 1 * 

210 ±53 

227 ± 51 

217 ±52* 

218 ± 4 9 

# 

Platelets corr 

hemodilulion 

Pits corr. 

G/l 

236 ± 7 1 * 

217 ±55 

244 ± 55* 

231 ± 59* 

# 

denotes that 

according to 

previous value in the same 

group # Denotes P=NS for comparisons between group A and Β PCI 

denotes percutaneous coronary intervention 
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TABLE 3. TAT and INR Values 

Group A 

Before PCI 

After PCI 

Dayl 

Group Β 

Before PCI all 

In target 

Not in target 

Atter PCI all 

In target 

Not in target 

Day 1 in target 

Day 1 not in target 

Ν 

26 

26 

16 

10 

26 

17 

9 

9 
17 

TAT pg/l 

2.25 

2 70 

2 80 

195 

195 

1 75 

2 40 

2 25 

310 

1.85" 

3.10* 

(1 1-3 8) 

(1 5-3 8) 

(1.6-4 3) 

(0 8-2 8) 

(0 0-2 6) 

(1 5-4.7) 

(2 0-4 6) 

(2 0-3 2) 

(2.0-5 0) 

(0 2-2 2) 

(21-4 8) 

INR 

1 1 

1 1 

1 1 

2.1 

25 

1 6 

2.2 

3.0 

1 7 

2.7 

1 7 

(10-1.1) 

(1 1-1.2) 

(1 1-1.1) 

(1 6-2 3) 

(2.3-3.3) 

(15-1.7) 

(1 8-2 8) 

(2 6-3.8) 

(1 6-1 8) 

(2 5-3.0) 

(1 5-1 8) 

TAT denotes thrombin-antithrombin complex, INR International Normalized Ratio In target = INR > 

2 0, not m target = INR s 2 0 Values are presented as median (25-75 percentile) * Denotes sig

nificance vs previous value in the same group M Denotes significance for tbe comparison of group 

A vs Β PCI denotes percutaneous coronary intervention 

tion in the two groups (Table 3). Both CD62p and 
CD63 indexes decreased during intervention in 
the two study groups (Table 4). The mean de
crease in CD62p-positive platelets, however, was 
significantly larger in group A than in group B: 
Δ=30 versus Δ=15 (p<0.05). The mean decrease 
in CD63-positive platelets was also larger in 
group Α (Δ= 11 versus Δ=3), but did not reach sta
tistical significance (P=0.4) (Table 4). 

Study Groups on Days 1 
As is shown in Table 2, average values for hema
tocrit and platelet count increased overtime. TAT 
values decreased in group A and in those patients 
in group Β with an INR > 2.0. In contrast, in
creased TAT values were observed in the patients 
in group Β with an INR s 2.0 (Tabic 3). With re
spect to platelet activation, no further significant 
change was observed in CD62p and CD63 val
ues on day I in the two groups (Table 4). 

Platelet Function 
The median COL/EPI and COL/ADP induced 
closure times before and after intervention did 
not differ significantly between the two study 
groups (Table 5). 

Optimal Versus Suboptimal Anticoagulation 
in Group Β 
Before and immediately after angioplasty, the 
INR values were in target (INR > 2.0) in 16 pa
tients and below target in 10 patients. Due to 
discontinuation of oral anticoagulation after 

TABLE 4. Platelet Activation 

Group A 

Before PCI 

After PCI 

Day1 

Group Β 

Before PCI 

After PCI 

Day1 

Values are 

significance 

Ν 

26 

26 

CD62-POS/10,000 

Cells 

54 (28-133) 

24* (12-40) 

20 (5-38) 

28' (0-69) 

13*'(0-48) 

8 (0-37) 

CD63-P0S/10,000 

cells 

15 (8-28) 

4* (0-14) 

7 (2-23) 

11 (0-27) 

8 (0-16) 

10 (0-30) 

presented as median (25-75 percentile) 'Denotes 

vs previous value in the same group " Denotes 

significance for the comparison of group 

percutaneous coronary intervention 

A vs Β PCI denotes 
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TABLE 5. Measurement of the Platelet Aggregation Capacity 

Group A 

Before PCI 

After PCI 

Dayl 

Group Β 

Before PCI 

After PCI 

Dayl 

Group A vs. Β 

Ν 

26 

26 

252 

>300 

293 

264 

>300 

232 

COL/EPI 

(Sec) 

(163-

(149-

(148-

(148-

(i se

ri 45-

>300) 

>300) 

>300) 

>300) 

>300) 

>300) 

# 

COiyADP 

103 

95 

93 

80 

76 

86 

(Sec) 

(81-126) 

(76-147) 

(79-128) 

(73-91) 

(58-91) 

(71-89) 

# 

Values are presented as median (25 75 percentile) * Denotes significance vs previous value 

in the same group # Denotes P=NS for all comparisons between group A and Β PCI denotes 

percutaneous coronary intervention 

stealing in 16 patients in group B, INR values 
were in target in 9 patients at day 1 (Table 3) 
Before and immedidtely after angioplasty, the 
median indexes of CD62p were significantly 
lower when the INR was in target 6 (0-38) ver
sus 67 (22-188) belore angioplasty (ZMJOl) 
and 12 (0-20) versus 54 (1-109) afterwards 
(Z^OOl) TAT values were also lower in pa
tients with an INR in the target range than in 
those below the range (Table 3) 

Balloon Versus Stent 
Adjustment for stent placement did not alter 
any ol the measurements at any time point 
Thus, we did not find any difference in platelet 
activation status or platelet function between 
the patients that were treated with the combi
nation of balloon angioplasty plus coumanns 
or with stenting plus Clopidogrel at day 1 

Discussion 

The present study demonstrates that pretreat
ment with coumanns significantly reduces 
platelet activation before and 1 hour after coro
nary intervention 

Platelet Activation 

Similar to most other studies, we used anti
bodies directed against P-selectin (CD62p) 
and CD63. P-selectin mediates not only 
rolling of platelets on activated endothelial 
cells and interaction with neutrophils and 
monocytes, but also plays a major role in 
platelet aggregation ' '" Coumanns significant
ly decreased the exposure ol P-selectin, but 
this effect was less obvious for exposure of 
CD63 This is probably due to the fact that P-
selectm becomes exposed with moderate acti
vation while CD63 expression needs stronger 
activation " A second observation was that dur
ing intervention the number of activated 
platelets decreased in both study groups This 
suggests consumption of activated platelets 
Platelet consumption was, however, less pro
nounced in patients pretreated with coumanns 
in whom the activation state prior to angio
plasty was lower On the other hand, the total 
platelet count increased, which was probably 
due to recruitment of originally sedentary 
platelets from the spleen, bone marrow, and 
lungs " Our data are consistent with observa
tions of others that showed platelet consump
tion during angioplasty only in patients who 
have an activated platelet state prior to the pro
cedure n Reduction of platelet activation is 
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important, because several studies have 
demonstrated that patients with an activated 
platelet state prior to intervention are at in
creased risk for procedural P"M and late N is
chemic events. 

We can only hypothesize on the mechanism 
how coumanns reduced platelet activation. 
TAT values - a sensitive biochemical marker of 
thrombin generation - were lower in patients 
prelreated with coumanns, before and until 1 
day after angioplasty. These lower TAT values 
coincided with less platelet activation. 
Furthermore, patients with an INR in the target 
range had significantly less activated platelets 
before and after angioplasty than patients with 
a suboptimal level of anticoagulation We there
fore hypothesize that thrombm-mduced platelet 
activation might be reduced by coumanns, 
which pathway is not inhibited by aspirin or 
thienopyndines ls 

Platelet Function 
The PFA-100® analyzer measures the ability of 
platelets to become stimulated under physio
logical conditions Consequently, this system 
is complimentary to flow cytometry, the latter 
detecting activated platelets already present in 
the circulation. We demonstrated that prctreat-
ment with coumanns does not influence the 
ability of platelets to aggregate and form a clot 
when measured by the PFA-lOO* system 
Recently, also others have shown that there is 
no effect of coumanns on PFA measure
ments."' 

Essential Timing 
For detecting platelet activation, timing appears 
to be essential Platelet activation occurs early 
after balloon angioplasty, and when measure
ments are delayed for 24 hours no platelet acti
vation is detected.17 '* We found platelet activa
tion 1 hour after angioplasty, but at 24 hours, ac
tivation parameters had returned to normal val
ues Our results are also in agreement with in-
vivo experiments by Michelson et al, showing 
that activated platelets lose their surface P-se-
lectin within 2 hours.1'' 

Previous Studies on Coumarins 
In a matched control study, Gawaz et al com
pared the effect of aspirin plus ticlopidme to 
aspirin plus phenprocoumon on platelet acti
vation in patients who received a coronary 
stent.1" Coumarins were started after stenting 
with overlapping unfractionated heparin until 
a stable level of anticoagulation was achieved 
(7-10 days). The results showed a significant 
increase in platelet activation in the coumann 
group, while the activation state slightly de
creased in the antiplatelet group.1" In contrast, 
we started coumarins before the procedure to 
obtain an adequate level of anticoagulation 
during intervention, with no need for post-pro
cedural heparin. This strategy decreased 
platelet activation already before the proce
dure. There may be several explanations why 
the data of Gawaz et al. showed an increased 
platelet activation state in the coumann group 
First, their study may lack essential timing, 
since platelets become activated immediately 
after angioplasty when it takes several days 
before oral anticoagulants are effective 
Second, in patients with acute coronary syn
dromes, unfractionated heparin does not sup
press increased thrombin generation.1' 
Therefore, persistent thrombin generation 
may contribute to an ongoing thrombotic risk 
despite heparin therapy 1| Third, unfractionat
ed heparin can even induce platelet activa
tion l81114 

Clinical Relevance 
Our policy of coumann pretreatment does not 
allow the use of ad hoc angioplasty and stent
ing, which is the dominant practice in many 
centers in the US. In many non-US countries, 
however, ad hoc intervention is not the routine 
and provisional stenting is the strategy of 
choice, which has been shown to be an excel
lent alternative for routine stenting 1S1" In case 
of ad-hoc stenting, Clopidogrel is usually added 
to aspirin on the table This policy is safe, but 
thrombotic complications still occur in up to 
5.3% of the slented patients.17 Aspirin and 
Clopidogrel may fail because this combination 
does not inhibit thrombm-mduced platelet ag-
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gregation :" As stated previously, thrombin is 

pivotal in the pathogenesis of complications 

during angioplasty.'1 J M Therefore, coumann 

pretreatment may be an effective addition to as

pirin and Clopidogrel to inhibit thrombin-in-

duced platelet activation 

Limitations 

Our data do not allow determining the precise 

antiplatelet mechanism ot coumarms during an

gioplasty We chose to focus the study to the 

question whether coumarms have a direct effect 

on platelet activation and platelet function 

Now that we know that coumarms indeed affect 

platelet functions, we have started a second 

study measuring additional markers of throm

bosis to decipher this issue 

In our study, the target INR was not reached 

in 9 out of 26 patients The effect of coumarms 

on platelet activation may have been more out

spoken if an INR > 2.0 had been a prerequisite 

to participate in this study 

Conclusions 

Patients treated with aspirin plus coumarms 

have less activated platelets before angioplasty 

as well as less platelet consumption during an

gioplasty than patients treated with aspirin 

alone. These data suggest that platelet inhibi

tion beyond aspirin can not only be achieved by 

better antiplatelet therapy, but also with oral an

ticoagulation 
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Influence of Planned 6-Month Follow-up Angiography on 
Late Outcome after Percutaneous Coronary Intervention: 

A Randomized Study 

Objectives - The goal ot this research was to study the effect of planned angiography on late clin
ical outcome after percutaneous coronary intervention 

Background - It is still largely unknown whether planned follow-up angiography after coronary 
angioplasty influences late outcome 

Methods - Randomization assigned 527 patients to clinical follow-up alone and 531 to clinical 
and 6-month angiographic follow-up The effect of planned angiography on clinical outcome at one 
and three years after coronary angioplasty was studied 

Results - The two groups were well matched At one year, more events occurred in the angio
graphic group than in the clinical group 122 (23 2%) versus 88 (16 7%) (/^O 01) While the inci
dence of death or myocardial infarction (MI) was similar at one year, the revascularization rate was 
higher in the angiographic group 113(21 3%) versus 67 (12 7%) (relative risk, 1 7, 95% confidence 
interval, 1 3-2 3, P=0 0003) At three years still more events had occurred in the angiographic group 
(146 |34 5%] versus 114 |26 3%], P=0 03) More reinterventions did not improve late survival 
However, there was a nonsignificant reduction in MI (7 [1 3%] versus 13 |2 5%], AJ=NS) and a sig
nificant improvement in functional class at the end of follow-up (freedom from angina 81% versus 
74%, P=0 03) The effect of follow-up angiography on reintervention rate was similar for stented and 
nonstented patients 

Conclusions - Planned lollow-up angiography to evaluate the late results of coronary interven
tion led to a 1 7 times higher reintervention rate This effect was similar for stented and nonstented 
patients More reinterventions did not improve survival but tended to reduce the incidence of MI and 
led to a significantly better functional class at follow-up 

Key Words: • percutaneous coronary intervention • follow-up angiography 
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BAAS 

BENESTENT-II 

CABG 

CI 
Ml 
PCI 
RR 

= Balloon Angioplasty and Anticoagulation 

Study 

= BEIgium NEtherlands STENT II study 

= coronary artery bypass surgery 

= confidence interval 

= myocardial infarction 

= percutaneous coronary intervention 

= relative risk 

In daily practice, late results of percutaneous 
coronary intervention (PCI) are usually eval

uated on the basis ol cardiac events and the re
currence of angina pectoris. Follow-up angiog
raphy is mostly restricted to a subgroup of 
symptomatic patients In the setting of a clini
cal trial, however, planned follow-up angiogra
phy is often used to assess late angioplasty re
sults Yet the effect of performing routine fol
low-up angiography on late clinical outcome is 
still largely unknown This question was ad
dressed in the BEIgium NEtherlands STENT II 
study (Benestent-II '). Patients were random
ized to stent implantation or balloon angioplas
ty, and there was a subrandomization to clinical 
follow-up alone or to both clinical and angio
graphic follow-up. It was found that follow-up 
angiography led to more reinterventions. 
Particularly, patients assigned to balloon angio
plasty and to follow-up angiography had a strik
ingly higher reintervention rate The investiga
tors suggested that knowledge about the re
ceived treatment, stent or balloon, probably in
fluenced the treating physician's post-angio-
plasty management ' The Balloon Angioplasty 
and Anticoagulation Study (BAAS) evaluated 
the ef led of pre-treatment with coumanns on 
early and one-year events in nonselected pa
tients ' Also in BAAS, a subrandomization to 
planned six-month follow-up angiography was 
used to study its effect on patient management 
and outcome In contrast to Benestenl-II, 
BAAS patients were not randomized to balloon 
angioplasty or stenting Therefore, BAAS al
lows evaluation of the effect of routine follow-
up angiography in a patient population closely 
resembling daily practice 

Methods 

Patients and Procedure 
From March 1996 to November 1997, all pa
tients with symptomatic coronary artery disease 
referred by seven participating hospitals to our 
department (perform ing 2000 procedures/year) 
for PCI were candidates for enrollment 
Patients were randomized to aspirin alone or to 
aspirin plus coumarm treatment as previously 
described ' Patients with an acute myocardial 
infarction (MI), with current use of oral antico
agulants, contraindications to coumanns or as
pirin or a bypass graft lesion were excluded 
Study medication was continued for at least six 
months Stents were used for bailout situations 
and suboptimal results (provisional stenting), 
based on visual assessment only Ticlopidine 
became available in thé Netherlands during the 
trial period Since then, when a stent was placed 
it was left to the discretion of the operator 
whether to start ticlopidine (loading dose, 500 
mg, then 250 mg twice daily for 4 weeks) or to 
continue coumanns When ticlopidine was giv
en to patients randomized to coumanns, the oral 
anticoagulants were discontinued. There was a 
1 1 subrandomization to clinical follow-up 
alone or to both clinical and angiographic tol-
low-up The study was earned out according to 
the principles of the Declaration of Helsinki and 
was approved by our institutional ethics com
mittee. 

Follow-up 
All patients were seen by their referring physi
cians in outpatient clinics at six weeks, three 
months and one year Clinical data and angina 
pectoris class were obtained from the patients 
and the referring physicians In March 2000, all 
patients were additionally contacted by tele
phone to study occurrence of events and recur
rence of angina pectoris between one and three 
years of follow-up For those patients random
ized to angiographic follow-up, angiography 
was performed at six months Angiography was 
performed earlier only on request from the re
ferring physician when objective evidence of 
ischaemia was obtained For those patients ran-
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domized to clinical follow-up alone, the 
decision to perform angiography was left to the 
discretion of the referring physicians. 
Reintervention was based on both angiographic 
restenosis and recurrent chest pain with 
electrocardiographic or scintigraphic evidence 
of ischaemia. Quantitative coronary analysis 
was performed with the Computer 
Measurement System (Medis, the Netherlands) 
by an independent core-laboratory, blinded to 

TABLE 1. Clinical Characteristics of the Patients 

Age, yr 

Male sex (%) 

Risk factors (%) 

Diabetes 

Hypertension 

Total cholesterol 

(> 5 mmol/l) 

Cholesterol 

lowering therapy 

Smoking in 

preceding half year 

Clinical features (%) 

Previous myocardial 

infarction 

Previous angioplasty 

Previous stroke 

Angina class (CCS) 

1 
II 
III 
IV 
IV and ST-T changes 

No of diseased vessels (%) 

1 
2 
3 

Ejection fraction 

< 50% (%) 

Values are mean (SD) or 

Clinical 

Follow-up 

Group 

(N=527) 

60 1 (9.6) 

76 3 

89 
190 
701 

30 9 

28.7 

40 4 

153 
25 

19 
30 9 

42 9 

24 3 

12.0 

681 
29 5 

23 
172 

Angiographic 

Follow-up 

Group 

(N=531) 

60.1 (10.1) 

78 7 

94 
23 4 

73 2 

27 9 

33 7 

37 5 

146 
15 

1 3 

29 0 

47.5 

22.2 

11.5 

66.7 

31.2 

21 
18.2 

percentages CCS = Canadian 

Cardiovascular Society classification P=NS for al comparisons 

no 

the assigned therapy (Heartcore, Leiden, the 
Netherlands). 

Analysis 
This study was undertaken to evaluate the ef
fect of undergoing planned six-month follow-
up angiography and the subsequent knowl
edge of the atherosclerotic status on the per
formance of revascularization and the occur
rence of late events. The analysis was per
formed on an intention-to-treat basis. We used 
a policy of provisional stenting. Thus, many 
stents were placed in bailout situations, which 
were associated with the occurrence of events. 
Therefore, for the comparison of the late effect 
of planned follow-up angiography in stented 
versus nonstented patients, the early proce
dure-related events were excluded from this 
analysis. 

TABLE 2. Angiographic Characteristics of The Treated 

Lesions 

Target vessel (%) 

Left anterior descending 

Left circumflex 

Right coronary artery 

Left mam coronary artery 

Restenotic lesion (%) 

Ostial location of lesion (%) 

Bifurcated lesion (%) 

Moderate or severe 

calcification (%) 

Angulation > 45° (%) 

Eccentric lesion (%) 

Occluded lesion (%) 

Lesion length (mm) 

>10mm, (%) 

Stenosis (%) 

Balloon size (mm) 

Maximal inflation (atm) 

Number of vessels/patient 

Stented lesions (%) 

Clinical 

Follow-up 

(N=754) 

481 
21 8 

30 0 

01 
4.5 
148 
8.8 
22 9 

20.8 

69 8 

96 
117(6 3) 

64 4 

80.2(12 4) 

3 06(0 47) 

12(3.2) 

143 
29.1 

Values are mean (SD) or percentages P=NS for a 

Angiographic 

Follow-up 

(N=775) 

44 5 

23 5 

31 7 

03 
7.3 
14.8 

8.0 
24 1 

21.2 

65 6 

80 
12 0(6.2) 

681 
79.8(12.3) 

3 06 (0 43) 

12(3 3) 

146 
29.2 

I comparisons 
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TABLES 

Death 

Ml 

Death or 

One Year Event Rate 

Angiographic 

Follow-up 

(N=531) 

6 (1 1%) 

17 (3 2%) 

«1 20 (3 8%) 

Revascularizations 113 (21 3%) 

TLR 102 (19 2%) 

Clinical 

Follow-up 

(N=527) 

6 (1 1%) 

21 (4 0%) 

23 (4 4%) 

67 (12 7%) 

61 (116%) 

P-value 

10 

05 

06 

0 0003 

0 001 

Ml = myocardial infarction TLR = target lesion reintervention 

Definitions and End Points 
The primary end point was the composite of 
death, MI and revascularization at one year The 
same end point was evaluated at three years of 
follow-up Revascularization included coro
nary angioplasty or coronary artery bypass sur
gery (CABG) for both restenosis and lor new 
lesions Events were reviewed by a safety com
mittee blinded to study medication and mode of 
follow-up assignment Del initions of end 
points were described previously 

Statistical Analysis 
The two groups were compared using the t test 
for continuous variables and the chi-square test 
or, when appropriate, Fisher exact test tor dis
crete variables Discrete variables were com
pared in terms of relative risks (RR) with 95% 
confidence intervals (CI) Event-free survival 
was calculated by means of the Kaplan-Meier 

TABLE 4. Angina Pectoris Between Six Months and One Year 

Asymptomatic 

Angina pectoris 

Unstable angina 

Angiographic Clinical 

Follow-up Follow-up 

(N=502) (N=50B) P-value 

373 (74 0%) 412(81 1%) 

84(17 0%) 62(12 2%) 

45 (9 0%) 34 (6 7%) 0 03 

method DiUerences in survival times were as
sessed by the log-rank test A ρ value < 0 05 was 
considered sigmhcanl Multivariate Cox-pro-
portional hazard regression was used to study 
predictors tor undergoing reintervention during 
tollow-up in the stented and nonstentcd group 

Results 

Patient characteristics 
In BAAS, 1028 patients were randomized to as
pirin alone or to aspirin plus coumarms The 
clinical and angiographic baseline characteris
tics were described previously and were well 
matched 2 Statistically, the clinical (Table 1) 
and angiographic baseline (Table 2) character
istics of the 527 patients in the clinical follow-
up group and ot the 531 patients in the angio
graphic follow-up group did not differ signi
ficantly Additionally, the percentages ot pa
tients with multivessel intervention (1 43 ver
sus 1 46 interventions per patient, P-NS) were 
similar in the two groups One hundred and 
ninety-eight patients (35 9c/r) in the clinical fol
low-up group and 178 patients (33 5%) in the 
angiographic follow-up group received one or 
more stents (/^NS) The clinical baseline char
acteristics of the stented and nonstented pa
tients did not ditter significantly (data not 
shown) However, in the stented group, more 
proximal left anterior descending lesions 
(19 3% versus 11 4%) and less total occlusions 
(4 9% versus 10 3%) were treated than in the 
balloon-treated group Patients were followed 
for a mean of 29 5 ± 7 0 months 

Clinical versus Angiographic Follow-up 
Ot the 531 patients randomi/cd to follow-up 
angiography, 51 patients (9 6%) did not under
go angiography for various reasons I ailed an
gioplasty (6 patients) subacute stent thrombo
sis (6 patients), death (6 patients), CABG based 
on the pre-angioplasty angiogram (3 patients), 
administrative error (2 patients), groin compli
cation during index angioplasty (9 patients) and 
consent withdrawn (21 patients) These 51 pa
tients without angiographic follow-up did not 
differ significantly from the 480 patients with 
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Figure 1. Survival free from death, myocardial infarction (Ml) and reintervention for patients randomized to clinical 

follow-up versus angiographic follow-up 
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Figure 2. Freedom from revascularization for patients randomized to clinical follow-up versus angiographic follow-up 

112 



Follow ιιρΑηι·ι<>ΐζΐαρΙι\ 

angiographic follow-up with respect to baseline 
characteristics or event rates (data not shown) 
Of 528 patients randomized to clinical follow-
up alone Π4 patients (25 39Î-) underwent an
giography during follow-up 01 these, angiog
raphy was performed in 27 4% of the stented 
patients, as compared with 24 2% of the non-
stented patients (P=0 70) 

At one year, more events occurred in the an
giographic group than in the clinical group 122 
(23 2%) versus 88 (16 7%), P=0 01 (Figure 1) 
The incidence of death or MI at one year was 
similar The difference was, therefore, due to a 
higher target lesion reintervention rale in the 
angiographic group 102 (19 2^) versus 61 
(11 6<7r) (RR, 1 7, 95% CI, 1 2-2 3, />=0 001) 
(Figure 2 and Table 3) The higher reinlerven-
lion rate concurred with more patients being 
asymptomatic at six months in the angiograph
ic group (76 9%) compared with those in the 
clinical group (717r P=0 03) 

At three years, there were 146 events 
(34 59ί) in the angiographic group and 114 
(26 3%) in the clinical group (/^O 03) (Figure 
1) Again the dilterence was mainly due to 
more reinterventions in the angiographic group 
More reintervenlions did not improve survival 
(Figure 3) However, there was a nonsignificant 
reduction in Mis after the first year in the an
giographic group (7 [1 3%| versus 13 [2 5%|, 
/^NS) Most of these late Mis occurred in the 
last year of follow up At three years, the func
tional class was sigmhcantly better in the an
giographic group, 81 % ol the patients were tree 
from angina pectoris versus 74% in the clinical 
group (P=0 03) (Table 3) 

Stent versus Balloon 
There was no dilterence in event rates between 
the group treated with a stent and the group 
treated with a balloon alone, whether in the clin
ical (Figure 4) or angiographic follow-up group 
(Figure 5) Thus, for patients treated with a bal
loon alone (Figure 6) and tor stented patients 
(Figure 7), planned tollow-up angiography led 
to an increased revascularization rate The ef
fect of planned angiography on the perform
ance ot revascularizations was, however, more 

pronounced in the balloon group (Figure 5) 
Because the baseline angiographic characteris
tics dittered in the stented and nonstented group 
with respect to the number ot proximal left an
terior descending lesions and total occlusions, 
multivariate analysis was performed None ol 
the baseline characteristics was shown to be a 
predictor tor undergoing revascularization dur
ing tollow-up In the clinical tollow-up group, 
the reinlervention rate was similar tor stented 
and nonstented patients (11% versus 10 3%, 
P=NS) 

Discussion 

For patients undergoing coronary intervention, 
there is still controversy about the optimal 
means to evaluate the late success ol the proce
dure Follow-up angiography is the best method 
to detect restenosis and is, therefore, used in 
most clinical trials to evaluate the effect ot new 
drugs or devices But is it also in the interest of 
the patients to perlorm routine follow-up an
giography in all patients ' Follow-up angiogra
phy may lead to unnecessary reintervcntions in 
asymptomatic patients On the other hand, it 
may delect symptomatic patients with resteno
sis who would otherwise have escaped reinler
vention It is, therefore, essential to know 
whether a policy ol performing routine tollow-
up angiography prevents deaths and /or Mis and 
whether it reduces angina pectoris 

In the Benestenl-II trial, patients were ran
domly assigned to stenling or balloon angio
plasty Furthermore, it used the unique setting 
of subrandomization to angiographic follow-up 
to study the effect on patient management and 
outcome It was shown that planned follow-up 
angiography led to more reintervenlions In ad
dition, it was concluded that the inilial treat
ment, stent or balloon, had a major influence on 
the reintervention rate In the stent group, the 
patients with angiographic follow-up under
went 2 5 times more reinterventions than those 
with clinical tollow-up alone However in the 
balloon group this ratio was only I 5 It was 
concluded that receiving a stent could have re
assured the treating physician, resulting in not 
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Rgure 3. Survival for patients randomized to clinical follow-up versus angiographic follow-up 
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Figure 4. Survival free from death, myocardial infarction (Ml) and reintervention for patients randomized to clinical 

follow-up alone (stented versus nonstented patients). 
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performing ischaemia detection and/or follow-
up angiography in case of recurrence of symp
toms On the other hand, the known higher 
restenosis rate alter balloon angioplasty could 
have lowered the threshold tor follow-up an
giography and subsequent stent implantation.' 

The present BAAS trial confirms that 
planned tollow-up angiography leads to more 
reinterventions. However, in contrast to 
Benestent-Il, in BAAS the effect of tollow-up 
angiography was similar for stented and non-
stented patients. In particular, the percentage 
of patients undergoing angiography in the 
clinical follow-up group of BAAS was similar 
for stented and nonstented patients Thus, the 
BAAS trial could not confirm the conclusions 
of Benestent-Il that receiving a stent could 
have reassured the treating physician or that 
the known higher restenosis rate after balloon 
angioplasty could have lowered the threshold 
for follow-up angiography. The BAAS data 
suggest that the dilterence between a stented 
and a balloon-treated lesion occurs after the 
follow-up angiogram is made. We could find 
an only slightly higher reintervention rate in 
the balloon-treated patients in the angiograph
ic follow-up group (Figure 5). We speculate 
that this difference is due to reluctance to redi-
late in-stent restenosis knowing the high re
currence rates ' Thus, the outcome of a 
restenotic lesion that is subsequently stented is 
presumed to be better than that of an in-stent 
restenosis that is redilated. This may be the 
reason why restenosis after balloon angioplas
ty was more frequently treated than in-stent 
restenosis We must, however, consider the 
fact that in BAAS patients were not random
ized to undergo stenting Nevertheless, none 
of the differences in baseline characteristics 
between the stented and nonstented patients 
was a predictor for undergoing revasculariza
tion during follow-up. Therefore, cautious 
comparisons between the two groups can be 
made 

Planned Follow-up Angiography and Mortality 
A further question in relation to the effect of fol
low-up angiography is whether the knowledge 

on the atherosclerotic status and the following 
reinterventions arc beneficial or harmful to the 
patient Rupprecht et al.4 studied 400 patients 
who underwent successful coronary angioplas
ty and were advised to undergo a six-month tol
low-up angiogram. Of these, 85 patients did not 
undergo follow-up angiography The study 
showed a 2 5 times increased revascularization 
rate in the patients that underwent follow-up 
angiography Coronary artery bypass surgery 
and MI occurred in a similar rate in the two 
groups However, the absence of a six-month 
angiographic lollow-up was an independent 
predictor ot death associated with a 2 7 times 
higher mortality rate during the 10-year follow-
up period (cardiac death 16/315 [5%] versus 
16/85 [16%]) It was concluded that the sur
vival advantage of patients with follow-up an
giography was related to the significantly high
er rate of repeat angioplasties in this group 
Therefore, their advice was that routine follow-
up angiography after successful angioplasty 
should be strongly considered.' 

In BAAS and Benestent-II, there was no ef
fect of tollow-up angiography on mortality It 
might be that the follow-up in these two studies 
was too short to detect an effect on mortality. 
On the other hand, in the study by Rupprecht et 
al.'1, the survival curves diverted after one year 
whereas there was no divergence even after 
three years in BAAS. Furthermore, the study by 
Rupprecht et al.4 was retrospective, which 
might have led to a bias, as asymptomatic pa
tients are less likely to undergo follow-up an
giography.' More importantly, as Rupprecht et 
al.4 rightfully suggested, the patients who are 
willing to undergo follow-up angiography 
might be more compliant with a healthier life 
style In addition, these patients might receive 
better medical treatment based on knowledge 
about the atherosclerotic status of the patient, 
which could affect late outcome. Thus, in the 
study by Rupprecht et al4, follow-up angiogra
phy might have led to better secondary preven
tion and, therefore, less progression, which is 
suggested by the fact that the main difference in 
survival occurs only after six years post-inter
vention, while the majority of repeat angioplas-
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Figure 5. Survival free from death myocardial infarction (Ml) and reintervention for patients randomized to angio

graphic follow-up (stented versus nonstented patients) 

Patients treated with balloon angioplasH 

100% 

" 90% 

80% 

70% 

60% 

dimuil lollim-up 

rollow-up (months) 

Figure 6. Freedom from reintervention for nonstented patients (clinical versus angiographic follow-up) 
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lies were performed at the time ot the angio
graphic lollow-up J 

Planned Follow-up Angiography and 
Myocardial Infarction 

In BAAS the patients with follow up angiogra
phy had 50% less late Mis For the most part, 
these Mis occurred in the third year of follow-
up, thcrelore, we do not think that the lower in
cidence was caused solely by the increased 
number ol reintervenlions, almost all of which 
were perlormed in the I irsi year of follow-up It 
is more probable that aggressive secondary pre
vention based on knowledge of the atheroscle
rotic status ol the patient, could have been part 
of the reason for fewer Mis However, because 
we did not systematically study risk factor man
agement during the study, we can only specu
late on the cause of reduction of Mis Rupprecht 
et al4, in their explanation lor the survival ad
vantage ol patients with angiographic follow-
up, suggested asymptomatic restenosis or silent 
reocclusion tobeol greater consequence incas
es of disease progression in another vessel, be

cause of the compromise ol nonmvolved sys
tolic function when an acute event occurs 
Surprisingly, in their study, MI was not in
creased in the group without angiographic fol
low-up 

Planned Follow-up Angiography and 
Symptoms 
In BAAS, more reintervenlions led to fewer 
symptoms both at six months and at three years 
Coronary angioplasty is known to be more el-
fectivc than medical treatment in decreasing 
symptoms " Furthermore, patients in clinical 
trials always do better than patients in the real 
world With this in mind, one can surmise that 
the chances ol a symptomatic patient not re 
ceiving the benefit Irom repeat revasculariza
tion would be larger than observed in this trial 
As a limitation, we did not study the extra costs 
of routine lollow-up angiography and of the in
creased reintervention rate On the other hand, 
routine tollow-up angiography could lead to an 
earlier reliel ol symptoms, an earlier discontin
uation ot anti-anginal medication in case there 

Patients treated with stent 
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Figure 7 Freedom from reintervention for stented patients (clinical versus angiographic follow up) 
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is no restenosis, better risk factor management, 

a lower late-event rate and, very importantly, an 

earlier reintegration into daily social and work

ing life. Therefore, our observations call for a 

prospective randomized trial including costs 

and cost-effectiveness measurements 

Conclusions 

In the nonselected patient population of BAAS, 

planned follow-up angiography to evaluate the 

late results of coronary angioplasty led to an in

creased reintervention rate This effect was sim

ilar for stented and nonstented patients More 

reinterventions did not improve survival but 

tended to reduce the incidence of Mis and sig

nificantly improved the functional class 
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To the Editor: 

We disagree with Kaslrati et al,1 who state 

that warfarin has no effect on the rate of 

restenosis after PTCA The ISAR trial com

pared the effect ot two different antithrom

botic regiments on restenosis after coronary 

stent placement and did not include a place

bo group One of the reasons for not includ 

mg a group with placebo was the assumption 

that previous studies had shown that war

farin had no effect on restenosis after 

PTCA ' 

However, the effect ol Coumadin on the 

short- and long-term results ot PTCA is un

known Only two studies have assessed this 

issue ' Thornton et al randomly assigned 

248 patients alter PTCA to aspirin or 

Coumadin for 6 months Patients with acute 

complications during PTCA were excluded, 

and Coumadin was started immediately after 

PTCA In that study, only 74% used 

Coumadin regularly, and an adequate pro

thrombin time was achieved in only 15% 

Urban et al included only IK) patients In 

this study too Coumadin was started alter 

successful PTCA In our opinion these small 

numbers ol patients with inadequate antico

agulation do not allow judgment ol the role of 

Coumadin in the results of PTCA 

Furthermore, we believe a preventive ellect 

on lestenosis can only be anticipated it 

Coumadin is started before PTCA and there-

lore before PTCA injury and mural thrombo

sis can lead to acute complications and 

restenosis One ot the possible reasons men

tioned by Kaslrati et al why ticlopidine failed 

to lower the restenosis rale was that it was 

started after PTCA, knowing its delayed on

set Surprisingly, they did not mention the 

same possible reason why warfarin did not af

fect the restenosis rate ' 

Since the effect ol Coumadin on resteno

sis alter PTCA and stent placement is un 

known, we started the Balloon Angioplasty 

and Anticoagulation Study (BAAS), random

ly assigning 1100 patients to aspirin or aspirin 

and Coumadin The Coumadin is started long 

belore PTCA, enabling patients to achieve 

adequate anticoagulation during PTCA 

IM ten Βαίξ MD 

H WM Plokkei MD, PhD FACC 

Deptii tnient of Caidioloi>\ 

St Antonius Hospital 

Nieim ei>ein the Nelhei lanch 
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Response 

We thank Drs ten Berg and Plokker for their 

interest in our recently published study ' In re

sponse to the concerns expressed in their letter to 

the editor, we have the following comments lo 

make 

Oral anticoagulation after sienling has been 

associated with severe hemorrhagic complica

tions and a questionable effect in preventing ear

ly stent thrombosis Work Irom our institulion 

has demonstrated that platelet activation was the 

determinanl laclor of thrombotic complications 

after sienling and that oral anticodguldlion wds 

undble to prevent it Thus (he rationale ot the 

ISAR trial was to assess the ettects of a combined 

antiplatelet therapy with ticlopidine plus aspirin 
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in the prevention of both thrombosis-induced and 

hemorrhagic events. Indeed, antiplatelet therapy 

started immediately after the procedure had an ex

cellent effect on early thrombotic complications. ' 

Mural thrombus is considered to play a key role in 

restenosis after coronary interventions.' On the 

basis of this theory, the statement often Berg and 

Plokker in their letter to the editor may be valid for 

each antithrombotic therapy: . . . a preventive ef

fect on restenosis can only be anticipated if 

Coumadin is started . . . before PTCA injury and 

mural thrombosis can lead to acute complications 

and restenosis." Since we achieved a strong re

duction of thrombus formation and subsequent 

clinical events with antiplatelet therapy gaven 

only at the end of the slenting procedure, we also 

anticipated a reduction of restenosis. But the re

sults of the study in discussion' did not fulfill our 

expectation. We acknowledged in that study' that 

earlier administration of antiplatelet therapy 

(which was the therapy under testing) might have 

been more effective in preventing thrombus for

mation and restenosis. The same was stressed in 

the accompanying Editorial/ We do not exclude 

that this may also be true for less-effective an

tithrombotic therapies such as Coumadin. For the 

moment, we relied on results already published on 

the effect of Coumadin on restenosis after balloon 

angioplasty.7'1 Despite the limitation that 

Coumadin was not administered before the end of 

the procedure, these studies may not be interpret

ed as stating the contrary of what was conclud

ed.7" 

We appreciate initiation by ten Berg and 

Plokker of the randomized trial about the effect on 

restenosis of an earlier administration of 

Coumadin. From a theoretical point of view, the 

ongoing study will further contribute to our 

knowledge about the role of thrombus in resteno

sis. From a practical point of view, however, the 

anticipated positive effect of Coumadin pretreat

ment on restenosis has to be strong enough to 

compensate for the cumbersome early complica

tions associated with this therapy. 

A. Kaslmli.MD 

F.J. Neumann, MD 

A. Schumi/ξ, MD 

Medizinist he Klinik rechts der Isar and 

Deutsches Herzzentrum 

Technische Universität München 

Munich, Germany 

References 

1. Kaslrati Α, Schühlen Η. Hausleiter J, el al. 

Restenosis after coronary slenl placement 

and randomization to a 4-wcek combined 

antiplalelel or anticoagulanl therapy: 

six-month angiographic follow-up of the 

Inlracoronary Stenting and Antithrombotic 

Regimen (ISAR) trial. Cin illation. 

1997:96:462-467. 

2. Schomig A, Kastrati A, Mudra H, et al. 

Four-year experience with Palmaz-Schatz 

slenlmg in coronary angioplasty complicated 

by dissection with threatened or present vessel 

closure. Cm illation 1994:90:2716-2724. 

3. Gawa/ M, Neumann FJ. Oil I. et al. Platelet ac-

livation and coronary stent implantation: effect 

ol antithrombotic therapy. Cnciilalion 

1996:94:279-285. 

4. Schomig A. Neumann FJ. Kastrati A, et al. A 

randomized comparison ol' aniiplatelet and 

anticoagulant therapy after the placement of 

coronary artery stents Ν Ent·! .1 Med 

1996:334:1084-1089. 

5. lp JH, Fuster V, Israel D, et al. The role of 

platelets, ihrombin and hyperplasia in 

reslenosis after coronary angioplasty. J Am 

Coll Cardiol 1991:17:77B-88B. 

6. Willerson JT. Stent restenosis: can effective 

anlithrombotic therapy be protective? 

Cm illation 1997:96:383-385. 

7. Thornton MA, Gruentzig AR, Hollman J, el 

al. Coumadin and aspirin in prevention of re

currence alter transluminal coronary angio

plasty: a randomized sludy. Cut illation. 

1984:69-721-727. 

8. Urban P. Buller N, Fox K, et al. Lack of 

eftect of warfarin on the reslenosis rate or on 

clinical outcome after balloon coronary 

angioplasty BrHcait.l 1988:60.485-488. 

121 



122 



Chapter 12 

High-Dose Aspirin in Addition to Daily Low-Dose Aspirin 
Decreases Platelet Activation in Patients Before and After 

Percutaneous Coronary Intervention 

Jurriën M. ten Berg', Wim B.M. Gerritsen2, Fred J.L.M. Haas2, Hans C. Kelder', 
Freek WA. Verheugt', H.W. Thijs Plakker1. 

Depai tment of Cardiolof>\ ' and Clinu al Chemstrv. St Antonius Hospital, Nieuw egein, and the 
Depai tment ofCaidiolog), Unnei \it\ Medical Centei St Radboud, Nijmegen , the Nethei lands 

Thiombosis Réseau h In pi ess 
Piesented in pai t at the 21 ' Congiess of the Emopean Soc letv of Caidiologx, 2000, 

Amsteidam, the Nethei lands and at the 50"' Annual Sc lentific Session of 
the Amei ic an Collece of Caidiolo^, 2001, Οι landò, USA 

123 



Cluiplei 12 

High-Dose Aspirin in Addition to Daily Low-Dose Aspirin 
Decreases Platelet Activation in Patients Before and After 

Percutaneous Coronary Intervention 

Background - Activated platelets play a major role in acute vessel closure after coronary angio
plasty. Although aspirin is the routine therapy during angioplasty, it only incompletely prevents acute 
closure. This might be due to suboplimal dosing. 

Objective - First, to study the effect of additional high-dose aspirin on platelet activation during 
coronary angioplasty. Second, to assess the potential of the new PFA-100" analyser to evaluate the 
effect of different doses of aspirin in patients undergoing angioplasty. 

Methods - Fifty-one patients on 100 nig aspirin/day for at least one month were randomized to 
continuation of l()()mgaspirin/day only (group A=24 patients) orto this regime plus a bolus of 1000 
mg aspirin given one day before angioplasty (group B=27 patients). Results were compared with 15 
controls. Platelet function was measured before angioplasty by the PFA-IOO" analyzer; platelet acti
vation was measured by How cytometry just before and one hour after angioplasty. 

Results - At baseline, group A had significantly more activated platelets than the control group 
(P<0.001). High-dose aspirin in group Β resulted in significantly lower platelet activation as com
pared with both controls (^O.OOl ) and group A (P<().001 ). During angioplasty, the number of acti
vated platelets decreased signilicanlly in group A (/><0.0()l ). while there was no change in group Β 
(P=0.b). The PFA-IOO' analyzer was unable to detect differences between the two treatment groups. 

Conclusions - The addition of high-dose aspirin to daily low-dose aspirin, one day before coro
nary angioplasty, significantly reduced the platelet activation state before and after intervention. The 
PFA-IOO" analyzer did not detect differences in the effect of low versus high-dose aspirin on platelet 
function. 

Key Words: • aspirin • percutaneous coronary intervention • human platelets • flow cytometry 
• PFA-IOO" analyzer 
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Platelet activation plays a major role in acute 
vessel closure after percutaneous coronary 

intervention (PCI). Aspirin pretreatmenl has 
been shown to reduce acute closure.' However, 
despite aspirin treatment, coronary thrombosis 
still occurs/ ' Apparently, platelet inhibition with 
aspirin only, at dosages currently used, is incom
plete. 

One reason for aspirin failure during PCI 
may be that patients become less responsive to 
fixed long-term dose of aspirin/ In vitro studies 
suggest that an additional antithrombotic re
sponse can be obtained when aspirin is admin
istered as a high-dose bolus/ This better re
sponse may be due to inhibition of the pro-
thrombolic effects of erythrocytes on platelet 
reactivity." 

These observations made us hypothesize 
that an increase ol aspirin dose may result in a 
better outcome after PCI. A first step in finding 
proof for this concept is assessing the effect of 
additional high-dose aspirin treatment on 
platelet activation in the setting of PCI. For this 
we used whole-blood How cytometry with epi-
tope-dependent monoclonal antibodies, which 
is an extremely reliable measure of the platelet 
activation state." However, flow cytometry is 
labor-intensive and cannot be used as a routine 
test. Therefore, we also evaluated whether the 
automated PFA-100* analyzer, which provides 
results on platelet function within a few min
utes, could be an useful! alternative to assess the 
effect of different dosages of aspirin in angio
plasty patients. 

Materials and Methods 

Patients 
All consecutive patients planned to undergo 
elective PCI who were on low-dose aspirin 
for at least 1 month were candidates for en
rollment in the trial. Angioplasty for acute 
myocardial infarction, known allergy to as
pirin and use of coumarins, known platelet 
dysfunction or coagulation disorder, platelet 
count <90 g/l, hematocrit <0.28 1/1, creatinine 
>12() pmol/l and planned use of GP Ilb/IIIa 

receptor blockers were exclusion criteria. 
In addition, 15 other patients who were on 

aspirin 100 mg/day for at least one month and 
who underwent diagnostic coronary angiogra
phy were studied. This control group served to 
study the effect of the nonionic, low-osmolal-
ity contrast agent (iopromide; Ultravist-370*, 
Schering, Berlin, Germany), used in our clin
ic, on platelet function and activation. 

Procedures 
All study patients continued to use 100 mg of 
aspirin until after the procedure. Compliance 
with aspirin treatment was ascertained by a 
personal interview at the time of randomiza
tion, 1 day before and just before interven
tion. Study patients were randomized I week 
before the intervention to continuation of 100 
mg aspirin only (group A) or to this regime 
plus an additional bolus of 1000 mg aspirin 
given 1 day before angioplasty (group B). 
Randomization was performed by sealed en
velopes. All patients gave informed consent 
and our institutional ethics committee ap
proved the study protocol. The operators and 
the technician who performed the platelet 
function studies were blinded for the study 
medication. The additional high-dose aspirin 
was given on the evening before angioplasty. 
Platelet activation was measured just before 
and I hour after PCI; PFA-100* measure
ments were performed just before PCI. At the 
start of the procedure, a bolus of 70 lU/kg un-
fraclionated heparin was given to all patients. 
Calcium-antagonists were given from the day 
before the procedure until 6 weeks after
wards. Intravenous nitroglycerin was infused 
from just before the procedure until 2 hours 
after and 200-500 ml of 0.9% saline was in
fused during the procedure. A policy of pro
visional stenting was used. In case of stent 
placement, Clopidogrel was started shortly af
ter the second blood sample was taken. 
Electrocardiograms and serum creatine Phos
phokinase (CPK) and CPK-MB were ob
tained before and after the procedure. If ab
normalities were noted, serial analysis was 
done. 
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Specimen Sampling 
All blood samples were taken by the same tech
nician after the patient had been supine for at 
least 30 mm, just before and 1 hour after angio
plasty Blood was taken from the antecubital 
vein through a 21-gauge needle with minimal 
venous congestion Two ml of blood were col
lected in an EDTA tube lor hematocrit determi
nation and platelet count For determination of 
factor VIII c, 2 7 ml of blood was drawn into 
0 3 ml sodiumcitrate (0 106 M) and placed on 
ice immediately Two ml of blood were collect
ed in a Iithium-heparm lube for measurement of 
potassium, sodium, creatinine and creatinme-
phosphokinase Four and a hal I ml ot blood was 
drawn into a Monovette tube (Sarstedt, 
Numbrecht, Germany) containing 0 5 ml of 
0 105 M buffered sodium citrate (pH 5 5) and 
kept at room temperature for immediate deter 
mination of platelet function and immunolabel-
ing 

Whole-Blood Flow Cytometry 
A no-wash direct double label immunofluores
cence staining procedure in whole blood was 
used as described previously ' The platelet pop
ulation was identified from its light scatter char
acteristics and identity was confirmed using a 
fluorescein isothiocyanate (FITC)-conjugated 
monoclonal antibody (MAb) to the platelet 
membrane glycoprotein-Ib (25 0 pg/ml CD42d, 
clone SZl,isotype IgG2a, Beekman Coulter) 
A bitmap was set around the platelet population 
and adjusted for each sample in order to ensure 
that > 98% of the particles analyzed were posi
tive for CD42a Activated platelets were identi
fied with the use of phycoerythnn (PE)-conju-
gated MAbs lo CD62p (6 25 pg/ml) and CD63 
(7 5 pg/inl) (clone CLB-Thromb/6 and CLB 
gran/12, both IgGl -mouse. Beekman Coulter) 
CD62p (P-selectin) becomes exposed on the 
platelet surface coincident with α-granule se
cretion and CD63 during lysosomal secretion 
The IgGl mouse control MAb (clone X40, iso-
type IgGl, Becton Dickinson, Woerden, the 
Netherlands) was used to set a threshold for ac
tivated platelets 

Three μΐ whole blood were diluted with 30 

μΐ Isoton II" (Beekman Coulter, Mijdrecht, the 
Netherlands) and incubated with 2 μΐ of satu
rating concentrations of antibodies for 25 min
utes in darkness After the incubation proce
dure, the mixture was diluted with 1 ml 1% 
paraformaldehyde in Isoton II® and analyzed on 
an EPICS II® flow cytomeler (Beekman 
Coulter) Ten thousand platelets were counted 
and activation state was expressed as the ab 
solute number of platelels positive lor a specif
ic epitope using XL2 software after the sub
traction ol non-specihc binding ol Mabs 

Platelet Function Testing 
The PFA-100" analyzer (Dade Behring, 
Germany) was used, which measures the 
platelet-related primary haemostasis capacity 
of anticoagulated whole blood under high shear 
conditions The time needed lo lorm a platelet 
plug occluding the aperture cut into a collagen/ 
epinephrine (COL/EPI)- or collagen/adenosine 
5'-diphosphate (COL/ADP)-coated membrane 
is determined and reported as the closure time 
(CT) The COL/EPI lest cartridge (containing 

10 ]ig of epinephrine bitartrate and 2 pg of Type 
1 equine collagen) is sensitive for intrinsic 
platelet defects, von Willebrand disease as well 
as exposure to platelet inhibiting agents such as 
aspirin Since the COL/ADPtest cartridge (con
taining 50 ]ig ot ADP and 2 pg of Type 1 equine 
collagen) has no significant sensitivity for as
pirin, the combination of the two tests enables 
discrimination of aspirin effects from other 
causes of platelet dysfunction such as von 
Willebrand disease 7 Normal ranges have been 
established in our laboratory (CV COL/EPI 

11 5%, COL/ADP 9 6%) Reference values 
(10-90 percentiles) were 79-142 sec for 
COL/EPI induced closure time and 60-100 sec 
lor COL/ADP induced closure time Based 
on the COL/EPI results, patients were catego
rized as non-responders (CT<142 sec), less-
responders (142sCTs300 s) or responders 
(CT>3(X) s) If the formed clot was too weak, the 
CT could not be measured and the result was 
presented as >300 sec All measurements were 
performed as single determinations because the 
previous results in our healthy volunteers 
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TABLE 1. Clinical and Angiographic Characteristics of the Study Patients 

Age - yr 

Male sex 

Risk factors 

Diabetes 

Hypertension 

Total cholesterol > 5 mmol/l 

Smoking in preceding half year 

Clinical history 

Previous myocardial infarction 

Previous angioplasty 

Angina class (CCS#) 

1 
II 
III 

ß-blocker use 

Statin use 

Ejection fraction < 50% 

Number of diseased vessels 

1 
2 
3 

Lesion type 

A/B1 

B2/C 

Reference diameter 

Stented lesions 

Group A 

(N=24) 

63 8: 

21 

2 
7 
18 
6 

10 
40 

1 
13 
10 
20 
12 
5 

17 
6 
1 

11 
18 

3.11 

11 

±6 0 

(87 5) 

(8.3) 

(29.2) 

(75.0) 

(25 0) 

(41.7) 

(15.3) 

(4.2) 

(54.2) 

(417) 

(83.3) 

(50 0) 

(20 8) 

(70 8) 

(25 0) 

(4 2) 

(48.0) 

(621) 

±0.45 

(45 8) 

Group Β 

(N=27) 

65 2 

22 

1 

9 
22 

5 

6 
37 

2 

8 
17 

22 

12 

4 

22 

3 
1 

14 

17 

3 27 

13 

!±6 0 

(81.5) 

(3 7) 

(33 3) 

(81.0) 

(18.5) 

(22.2) 

(13 7) 

(7.4) 

(29 6) 

(63 0) 

(815) 

(44 4) 

(14 8) 

(815) 

(111) 

(3.7) 

(45 2) 

(54 8) 

±0 40 

(481) 

P-wal 

0.7 

0.7 

0.3 

08 
07 

07 

02 

03 

03 

Ί 0 

08 

09 

05 

06 
0.2 

1.0 

Age is expressed as mean ± SD, the other values are expressed as numbers (%) # The Canadian Society Cardio

vascular classification was used 

showed little day-to-day variability. In addition, 
Mammen et al. showed no significant differ
ences from single or duplicate testing in 382 
samples.7 

Factor VIII:c-assay 
Factor VIII:c analysis was done on the STA-R 
(Boehringer, Mannheim, Germany) according 
to the standard procedure with Roche reagens 
PTTa . Normal values for factor VIIIx are 80-
160%. 

Statistical Analysis 
Differences in treatment groups were tested 
with Student's t test or with the non-parametric 

Wilcoxon's rank sum test. Results are reported 
as mean (standard deviation), respectively as 
median [25-75 percentile]. Platelet count was 
adjusted for hemodilution according to 
Beaumont." 

Results 

Randomization assigned 24 patients to group A 
(100 mg aspirin), and 27 patients to group Β 
(100 mg plus 1000 mg aspirin). The basic clin
ical and angiographic characteristics did not 
differ significantly between the two groups 
(Table 1). A stent was placed in 11 patients 
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(44%) in group A and in 13 patients (48%) in 
group B. Angioplasty was complicated in one 
patient in group A, who developed a non Q-
wave myocardial infarction due to side branch 
occlusion. None ol the patients suffered from a 
bleeding complication. 

Control group 
In 2 controls, obstructive coronary disease (le
sion > 50% diameter stenosis) was diagnosed. 
Average values tor hematocrit and platelet 
count are depicted in Table 2. Angiography re
sulted in an increase in the median indexes lor 
CD62p (18 114-24] to 29 [ 15-39|, P=0.07) and 
CD63 (0 [0-0] to 8 [2-11 ], Ρ=0.9) (Figure 1,2). 
The median COL/EPI induced closure lime was 
300 (238-300) sec; the median COL/ADP in
duced closure time was 88 (84-119) sec Nine 
control patients showed normal COL/EPI in
duced aggregation values, live patients were 
less-responders, and 1 patient was a non-re-
sponder. The mean value + SD tor factor VIIIx 
was 132 + 35%. 

Hemocytometric Data and Platelet Activa
tion Before Intervention in Group A and Β 
Average values for hematocrit and platelet 
count were similar in the two study groups 
(Table 2). Mean values ± SD tor factor VIIIx 
were also similar in the two groups ( 153 ± 43 % 

in group A and 157 + 39 % in group B, Z^NS). 
The factor VIIIx values in group A and Β did 
not differ sigmlicanlly Irom controls (Z,=0.32 
and P={). 16, respectively). 

Median indexes tor CD62p (69 |29-172|) 
and CD63 (18 |8-37|) in group A were signifi
cantly higher than in controls (tor both compar
isons: P<()()01) (Figure 1,2). Median indexes 
in group Β (CD62p: 0 [0-6]) however, were sig
nificantly lower than both in controls and in 
group A (both AMXOOl). CD63 value in group 
Β (0 [0-0]) was significantly lower than in 
group A (P<()X)() 1 ), and similar to in the control 
group (Figure 1,2). 

Hemocytometric Data and Platelet Activation 
After Intervention in (iroup A and Β 
During intervention the hematocrit decreased 
significantly in both group A and Β (P=().0()2 
and P=0.04, respectively) (Table 2). Also the 
platelet count decreased during intervention in 
the two groups (P^NS), but when corrected for 
hematocrit this number appeared to be in
creased in both groups (/'=NS) (Table 2). 

The median CD62p index decreased signi
ficantly Irom 69 (29-172) to 24 (8-50) m group 
A (P-cO.OOl), whilst CD62p remained almost 
undetectable in group Β (0 |()-6| to 0 [()-0|, 
P=().6) (Figure 1). Findings with CD63 assess
ment were similar: a sigmlicant decrease of 

TABLE 2. HcmcKYlometriL Data 

Controls 

Before CAG 

After CAG 

Group A 

Before PTCA 

After PTCA 

Group Β 

Before PTCA 

After PTCA 

Π 

24 

27 

Hematocrit 

liter/I 

0 41 (0 02) 

0 40 (0 02)* 

0 41 (0 03) 

0 39 (0 04)* 

0 41 (0 04) 

0 39(0 04)* 

Platelets 

G/l 

204 (52) 

202 (52) 

209 (42) 

202 (42) 

244 (85) 

234 (84) 

Platelets corr. 

G/l 

214(61) 

224 (49) 

263(107) 

Values are presented as mean (SD) " denotes statistical significance as compared with value before PTCA For all 

comparisons of group A vs Β P=NS Platelets corr denotes that platelet count was adjusted for hemodilution ac

cording to Beaumont* CAG denotes coronary angiography 
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Legend to figure 1a. The number of CD62p positive platelets in the control group, before and after angiography. 
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Legend to figure 1b. The number of CD62p positive platelets in group A, before and after angioplasty. 

* denotes significance for the comparison of group A versus controls. 
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Legend to figure 1c. The number of CD62p positive platelets in group B, before and after angioplasty * denotes 

significance for the comparison of group Β versus controls # denotes significance for the comparison of group Β 

versus group A 

18 (8-37) to 7 (0-18) was noted in group A 
(/>=() 03), whilst undetectable pre and post PCI 
in group Β {P=\ 0) (Figure 2) 

Platelet Function Before Intervention in 
Group A and Β 
Before intervention, only 13/24 (54%) patients 
in group A and 16/27 (59%) patients in group Β 
showed a full response to aspirin (P=0J) 
(Table 3) Thus, many patients in both groups 
were less- or non-responders to aspirin. In ad
dition, high-dose aspirin did not significantly 
prolong the COL/EPI induced closure time 
(Figure 3) The median COL/ADP induced clo
sure time was within the normal range in both 
groups (Figure 4) 

Correlation Between Platelet Activation and 
Closure Time 
There was no correlation between values for 
platelet activation and factor VIII c, neither be
tween values for platelet activation and 

COL/EPI induced closure time 

Balloon Versus Stent 
Before and after angioplasty, no significant dif
ference was noted in platelet activation state be
tween stented and non-stented patients both for 
group A and Β (data not shown) 

Discussion 

The dosage of aspirin required for complete in
hibition of platelet aggregation varies for each 
subject * " Furthermore, the inhibitory effect of 
a fixed dose of aspirin might decrease over 
time.4 Therefore, less-responders to long-term 
low-dose aspirin may benefit from an addition
al high-dose aspirin to prevent platelet aggrega
tion during coronary intervention. Our results 
show that administration of a high-dose bolus 
of aspirin in addition to long-term low-dose as
pirin significantly reduces platelet activation 
before and during intervention. This suggests 
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Table 3. Measurement of the Platelet Aggregation Capacity with the COUEPI 

Assay Before Intervention 

Controls Group A Group Β 

(N=15) (N=24) (N=27) 

Non-Responder 1 4 5 

Less-responder 5 7 6 

Responder 9 13 16 

Group A=100 mg aspirin group B=100 mg plus 1000 mg aspirin Non responder 

(CT<normal) less responder (142sCTs300s) responder (CT>300 s] 

that additional high-dose aspirin may prevent 
pen-interventional complications because high 
platelet activation has been shown to be associ
ated with an increased risk of coronary throm
bosis during coronary angioplasty p 

Platelet activation 
In the present study, three interesting observa
tions related to platelet activation were made. 
First, in patients with symptomatic coronary 
disease, long-term treatment with low dose as
pirin did not prevent an activated platelet state. 
This was demonstrated by more activated 
platelets in group A as compared with the con
trol group Thus platelet inhibition with long-
term 100 mg/day aspirin is incomplete. Second, 
an additional bolus of 1000 mg aspirin 1 day 
pnor to intervention almost completely elimi
nated platelet activation. The number of acti
vated platelets in group Β was even less than in 
the control group. Third, in patients pretreated 
with low-dose aspirin only, the number of acti
vated platelets decreased during intervention 
whereas platelet activation remained constant 
in patients treated with a high-dose bolus as
pirin. This decrease of activated platelets could 
have been due to consumption, as has been 
demonstrated before.11 We can only speculate 
that part of these platelets was attached to the 
activated plaque. In contrast, platelet activation 
increased in the control group due to the an
giography and/or contrast agent, as has been 
demonstrated previously.14 These controls, 
however, did not have an angioplasty-damaged 
vessel wall serving as a substrate for platelet at

tachment. In the treatment groups, the total 
platelet count showed an increase, which was 
probably due to recruitment of originally seden
tary platelets from the spleen, bone marrow, and 
lungs " 

PFA-lOO» analyzer 
The automated PFA-lOO"8 analyzer is an easy-to-
use system, which has been validated in healthy 
volunteers to demonstrate an aspirin-induced 
platelet effect and an aspirin dose-response rela
tionship " However, our data demonstrate that in 
patients undergoing PCI who are on low-dose as
pirin, the present PFA-100® system is unable to 
detect the effect of additional high-dose aspirin. 
The poor sensitivity of the present PFA-100K sys
tem may be due to the high concentrations of 
COL/EPI.17 These powerful thrombotic stimuli 
could bypass the arachidonic acid pathway lead
ing directly to platelet activation, aggregation and 
thrombosis An additional reason may be the lim
itation of the closure time to 300 sec Adjusting 
the system, so that it can measure longer closure 
times (> 300 sec) may make the system able to 
measure differences in aspirin doses 

In contrast, the PFA-lOO" system may be 
usefull to detect non- or less-responders In 
our study, many patients were non- or less-re
sponders to long-term aspirin. This is in 
agreement with previous observations, show
ing that only about half of the patients with 
atherosclerosis show the expected effect of 
aspirin.41"2" Less-responders to aspirin may 
be at higher risk for thrombotic complications 
during angioplasty and may therefore benefit 
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Legend to figure 2a. The number of CD63 positive platelets in the control group, before and after angiography. 

200 
Group A 

150 

J2 
TJ 
ο 

§ 100 

o" 

ID 

en 
ο 
a. 

co 
CD 
Q 
Ο 

50 
P=0.03 

-+-
before PCI after PCI 

Legend to figure 2b. The number of CD63 positive platelets in group A, before and after angioplasty. 

* denotes significance for the comparison of group A versus controls. 
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Legend to figure 2c The number of CD63 positive platelets in group Β before and after angioplasty # denotes 

significance for the comparison of group Β versus group A 

from the use of stronger antithrombotics such 
as the platelet glycoprotein Hb/IIIa receptor 
blockers Likewise, Mueller et al demon
strated that reocclusion following peripheral 
arterial angioplasty could be predicted based 
on insufficient response to aspirin with use of 
whole blood aggregometry " However, we 
have to stress that prospective trials are re
quired to prove clinical benefit for patients in 
terms of event tree survival alter PCI and the 
predictive value of the PFA-lOO" for the out
come 

Because platelet-related primary haemostasis 
under high shear conditions depends on von 
Willebrand factor levels, we also measured lac 
tor Vili c activity, which is closely linked to von 
Willebrand factor '' In contrast to others, we did 
not find a correlation between factor Vili c ac
tivity and COL/EPI induced closure times " 
Therefore, in our study, differences in von 
Willebrand factor can not be the explanation for 
the observed differences between responders and 
less- or non-responders 

Limitations 
Because most patients undergoing angioplasty 
in our center are referred Irom other centers, we 
were unable to measure the platelet activation 
status before the administration of a high-dose 
bolus of aspirin in group Β Thus we do not 
know the direct effect of high-dose aspirin on 
the platelet activation status However, consid
ering that the administration of an additional 
dose ot aspirin was the only major dillerence 
between the two study groups, it is reasonable 
to conclude that the reduced activation status in 
group Β was due to the high dose aspirin 

Conclusion 

An additional bolus ot 1000 mg aspirin given 1 
day before coronary angioplasty almost 
completely abolishes platelet activation before 
and after coronary intervention, while 100 mg 
of aspirin per day only does not In addition, in 
patients undergoing PCI who are on low-dose 
aspirin, the present PFA-lOO* system is unable 
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Legend to figure 3. COL/EPI induced closure time in the control group and in groups A and B, before intervention. 
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to detect the effect of additional high-dose as

pirin. 
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Chapiei 13 

Provisional Stenting in the Real World: Results in 1058 Consecutive 
Patients Undergoing Percutaneous Coronary Angioplasty 

Objective-Jo study a strategy of aggressive coronary balloon angioplasty with provisional stent
ing in allcomers In randomized trials, stenting has improved the outcome of patients undergoing 
coronary intervention However, whether these results hold up in clinical practice is largely unknown. 
Furthermore, the results of balloon angioplasty have also improved dramatically It is therefore 
essential to evaluate the current results of balloon angioplasty and assess whether stents are required 
in all patients. 

Methods - We prospectively studied the occurrence of death, myocardial infarction (MI) and 
target lesion revascularization (TLR) of a large consecutive group of patients undergoing aggressive 
balloon angioplasty with provisional stenting. None of the patients received a platelet glycoprotein 
Ilb/IIIa receptor blocker. The results were compared to the outcome of routine stenting in recent ran
domized trials 

Results -Angioplasty was performed in 1058 patients of whom 369 (34 9%) received a stent 
The angiographic success rate was 98 9%. During hospital stay, 4 8% of the patients suffered any 
cardiac event At one year follow-up, death occurred in 1 1%, MI in 3 3%, TLR in 12.4% and any 
event in 16 7% of the patients. Event-free survival at one year was 82.3%. These results compare fa
vorable with routine stenting in recent trials. 

Conclusions - Aggressive balloon angioplasty with conservative provisional stenting yields 
excellent results in a general patient population. 

Key Words: • percutaneous coronary intervention • provisional stenting 
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Provisional Stenting 

In randomized trials, stenting has reduced the 
need for repeat interventions.1' The majonty 

of patients undergoing coronary intervention, 
however, do not fulfill the relatively favorable 
characteristics to be included in these random
ized trials It is therefore questionable whether 
the information from randomized trials can be 
translated directly into clinical practice When 
stents are placed in patients with less favorable 
clinical and lesion characteristics, the restenosis 
rate increases significantly ' This is very impor
tant because restenosis after stenting is far more 
difficult to treat than restenosis after balloon an
gioplasty.1 In-stent restenosis recurs very often 
after successful repeated balloon angioplasty.1 

Additional mechanical devices have failed to 
show superiority over balloon angioplasty alone 
in treating in-stent restenosis ' Only intracoro-
nary brachytherapy is supenor to balloon angio
plasty alone in treating this complication.·1 

However, intracoronary brachytherapy is com
plex, expensive, and available only in special
ized centers Thus routine stent implantation 
may lead to many patients with restenosis resist
ant to percutaneous treatment. Another draw
back of stenting is that stents are expensive The 
dramatic increase in the use of stents has result
ed in increased costs of care. 

A second issue in current interventional car
diology is the use of platelet glycoprotein (GP) 
Ilb/IIId receptor blockers These drugs have im
proved the safety of coronary intervention in 
particular when stents are used/ This observa
tion has led to a routine use of both stents and 
GP Ilb/IIIa receptor blockers. 

However, simultaneously with the develop
ment of better stent results, also the results of 
balloon angioplasty have improved dramatical
ly.' ,s Furthermore, there is evidence that long-
term results of provisional stenting (using stents 
only when results with balloon angioplasty 
alone are suboptimal) are comparable to routine 
stenting6 " This strategy of provisional stenting 
may be cost-effective and lead to less in-stent 
restenosis as compared with routine stenting. In 
addition, the value of GP Ilb/IIIa receptor 
blockers after successful balloon angioplasty is 
less evident We believe that balloon angioplas

ty when performed by experienced operators 
with application of state-of-the-art equipment 
does not necessarily require stents and GP 
Ilb/IIIa receptor blockers in each patient. The 
two additional treatments may be reserved for 
high-risk patients or complicated procedures. 
To find proof for our hypothesis, we prospec
tively studied a strategy of aggressive balloon 
angioplasty with provisional stenting in a non-
selected group of patients 

Patients and Methods 

The study population consisted of all consecu
tive patients with symptomatic coronary artery 
disease who were referred from seven partici
pating centers for percutaneous coronary inter
vention (PCI) in a certain time window. These 
patients were part of the Balloon Angioplasty 
and Anticoagulation Study (BAAS).* BAAS 
randomized patients before PCI to aspirin only 
or to aspirin and coumarms Half of the patients 
were randomized to angiographic follow-up. 
Only those patients were excluded who had an 
acute MI < 24 hours, who had to undergo PCI 
for a bypass lesion, who were currently on 
coumarms, who had contraindications to as
pirin or coumarms, or who participated in an
other trial The study was carried out according 
to the principles of the Declaration of Helsinki 
and was approved by our institutional ethics 
committee 

Medication 
All patients were given aspirin (loading dose, 
300 mg, daily dose 100 mg) started at least 24 
hours before PCI. In the patients randomized to 
anticoagulant therapy, coumarms were started 
one week before intervention Heparin was ad
ministered as a single bolus of 10,000 units im
mediately before the procedure During the tri
al period, ticlopidine became available in the 
Netherlands Since then, when a stent was 
placed, it was left to the discretion of the oper
ator as to whether to treat the patient with ticlo
pidine (loading dose, 500 mg, then 250 mg 
twice daily for four weeks) or to continue 
coumarms 
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Angioplasty Procedure 
The procedures were performed by experienced 
interventionalists, in a high volume center serv
ing a total of 10 referring centers (three centers 
refused to participate in this study) It was the 
aim to reach an optimal result with a balloon 
only, sized according to the largest reference 
segment Balloon inflation was performed to 
obtain a l 1 balloon/vessel ratio Inflations with 
duration of I minute were applied If a dissec
tion occurred, it was attempted to tag this dis
section with long (1-^ mm) inflations Stents 
were only used for bailout situations and sub-
optimal results Coronary flow reserve or in
travascular ultrasound measurements were not 
routinely used GP Ilb/IIIa receptor blockers 
were not used at all 

Follow-up 
ECG and serum creatine Phosphokinase 
(CPK)/MB isoenzyme were routinely obtained 
before, at least 6 hours after the procedure, and 
on the next moming It abnormalities were not
ed, additional enzyme measurements were per
formed Follow-up angiography was performed 
at 6 months, but earlier only on request from the 
referring physician when objective evidence of 
ischaemia was obtained Quantitative coronary 
analysis was performed by an independent 
core-laboratory All patients were seen in out
patient clinics and were also contacted by tele
phone by the study-coordinating center All 
events were registered until 12 months after 
PCI 

Definitions and Endpoints 
Angiographic success was defined as a final 
stenosis < 30% by visual estimation Bailout 
stenting was defined as placing a stent for a dis
section with compromised antegrade flow or a 
residual stenosis with evidence of myocardial 
ischaemia Death comprised all deaths 
Myocardial infarction was defined as new Q-
waves of at least 0 04 sec in two or more con 
liguous leads or a new left bundle branch, or an 
elevation of CPK or its MB isoenzyme to at 
least three times the upper limit of normal alter 
PCI or more than two times at follow-up Non 

Q-wave myocardial infarction was defined as 
above without new Q waves Restenosis was 
defined as > 50% diameter stenosis at the fol
low up angiogram Reinlcrvcnlion was based 
on restenosis and recurrent chest pain with ob
jective evidence of myocardial ischaemia 
Major bleeding was defined when causing 
death, blood transfusion or surgical interven
tion Events were classihed as early (day 0-30) 
or late (day 30-365) and were reviewed at reg 
ular intervals by a safety committee 

Results 

Patient Population 
Between March 1996 and November 1997 a to
tal of 1,354 patients who met the inclusion cri
teria were referred for PCI Of these, 253 pa
tients with "Benestent-I like" indications were 
included in other PCI trials Twenty two eligi
ble patients refused to participate, leaving a to
tal of 1,079 patients in whom informed consent 
was obtained Twenty-one patients were ex
cluded from analysis for the following reasons 
PCI not performed because ol regression of the 
target lesion (9), progression necessitating 
Coronary Artery Bypass Grafting (CABG) (7), 
preferred medical treatment (3), aspirin allergy 
not known at randomization (2) The clinical 
and angiographic baseline characteristics of the 
1058 patients are depicted in Tables 1 and 2 

Procedural Outcomes and Early Events 
(day 0-30) 
A total of 490 stents were placed in 369 patients 
(Table 2) The reasons tor stenting in these pa
tients were recoil in 15% residual stenosis in 
10% and dissection in 75% Bailout stenting 
was necessary for abrupt vessel closure in 
14/1058 (2 0% ) of the patients and for threaten
ing closure in 70/1,058 (6 6%) of the patients 
Alter slenting, 160 patients were treated with 
aspirin and coumarms, 122 patients with aspirin 
and ticlopidine and 87 patients with aspirin 
only 

The angiographic success rale was 99% 
Five early deaths (0 5% ) occurred one due to 
cholesterol emboli, two due to procedure relat 
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TABLE 1. Clinical Characteristics of the 1,058 Patients 

Age - yr 

Male sex - % 

Risk factors-% 

Diabetes 

Hypertension 

Total cholesterol > 5 mmol/l 

Cholesterol lowering therapy 

Smoking in preceding half year 

Clinical features - % 

Previous myocardial infarction 

Previous angioplasty 

Previous stroke 

Angina class (CCS*) 

I 
II 
III 
IV 
Class IV and ST-T changes 

Urgent angioplasty - no (%) 

No. of diseased vessels - % 

1 
2 
3 

Ejection fraction < 50% - % 

601+10 

77 5 

91 
212 
74 3 

29 4 

31 2 

38 9 

149 
20 

16 
30 0 

45 2 

23 3 

11 7 

25.0 

67 3 

30 3 

22 
178 

Plus - minus values are means ± SD # The Canadian Cardiovascular 

Society classification was used 

ed MI's despite urgent CABG in one patient, the 
fourth due lo a hemorrhagic stroke and the fifth 
due to pneumonia. Thirty-five patients (3.3%) 
suffered Mi's. Twelve Mi's were due to suba
cute stent occlusions (2.4% oflhe lesions; 3.3% 
of the patients). Overall, target lesion re-inter
vention (TLR) within 30 days was needed in 42 
patients (4.0%) (Table 3). Of these, 24 patients 
(2.3%) underwent urgent stenting several hours 
after the index balloon angioplasty, leading to 
MI in 14 patients (1.3%). During the hospital 
stay, major bleeding occurred in eight patients 
(0.7%). None of the bleedings were fatal. The 
mean hospital stay was 2.2 ± 2.5 days (range 1-
34). 

Late Follow-up (30-365 days) 
Clinical follow-up was 100% complete for all 
patients. Seven late deaths (0.7%) occurred: 

four due to a hemorrhagic stroke and three sud
den deaths. After day 30, Mi's did not occur in 
any case and 1 patient suffered from a nonfatal 
ischemic stroke. TLR for restenosis was per
formed in 131 patients (12.4%). Event-free sur
vival after one year was 82.3% (Figure 1). Late 
major bleeding occurred in five patients (0.5%). 

Angiographic Outcome 
A total of 480 out of 531 randomized patients 
underwent follow-up angiography and 598 le
sions were analyzed quantitatively. Fifty-one 
patients did not undergo angiography for vari
ous reasons: death (six patients), failed PCI 
(six), stent thrombosis (six), consent withdrawn 
(19), groin complications after index PCI 
(nine), CABG based on pre-PCI angiogram (3) 
and administrative error (2). The acute gain was 
1.38±0.64 mm, the late loss ().62±0.65 mm and 

TABLE 2. Angiographic Characteristics of the 1,529 

Treated Lesions 

Target vessel - % 

Left anterior descending 

Left circumflex 

Right coronary artery 

Left mam coronary artery 

Restenotic lesion - % 

Ostial location of lesion - % 

Bifurcated lesion - % 

Moderate or severe calcification - % 

Angulation > 45 degrees - % 

Eccentricity - % 

Total occlusion- % 

Lesion length - mm 

Lesion length <10 mm -% 

Lesion length 10-20 mm 

Lesion length >20 

Stenosis - % of luminal diameter 

Balloon size - mm 

Nominal largest balloon size - mm 

Number of lesions treated per patient 

Number of stents 

Number of stented lesions 

Total stent length - mm 

Plus - minus values are means ± SD 

46 2 

22 6 

30.9 

01 
6.0 
14.5 

8.4 
23 5 

20 9 

65 7 

88 
1 1 9 ± 6 2 

33 9 

48 3 

178 
80 ±12 

3 05 ± 0 45 

3 29 ± 0 49 

1.4 
490 
445 

18 28±5 9 

(range 3-40) 
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TABLE 3. Procedural Outcomes and Clinic 

Angiographic success - % of lesions 

Early primary endpoints (0-30 days) 

Death 

Myocardial infarction 

Q-wave 

Non-Q-wave 

Urgent coronary bypass surgery 

Urgent repeated angioplasty 

Stroke 

Any early event 

Late primary endpoints (30-365 days) 

Death 

Myocardial infarction 

Target lesion revascularization 

Coronary bypass surgery 

Target lesion angioplasty 

Stroke 

Any late event 

All primary endpoints (0-365 days) 

Death 

Myocardial infarction 

Q-wave 

Non-Q-wave 

Any coronary bypass surgery 

Any target lesion angioplasty 

Any target lesion revascularization 

Stroke 

Any event 

Patients can have more than one event 

al Events 

Number (%) 

98.9 

5 
35 
11 
24 
6 
36 
1 
52 

7 
0 

131 
15 
116 
5 

140 

12 
35 
11 
24 
21 
147 
164 
6 

183 

(0 5) 

(3.3) 

(0.9) 
(2 3) 

(0 6) 

(3.4) 

(01) 

(4 9) 

(0 7) 

(12 4) 

(1.4) 

(110) 

(0.5) 

(13.3) 

(1.1) 
(3 3) 

(0.9) 

(2 3) 

(2 0) 

(13 9) 
(15.5) 

(0 6) 

(17 3) 

the net gain 0.77±0.67 mm. The restenosis rate 
was 24.2% (Table 4). 

Diabetics versus non-diabetics 
Ninety-seven of the 1,058 patients (9.1%) in 
this study were diabetics (insulin and non-in
sulin dependent). The rate of complications was 
compared with non-diabetic patients. During 
the first 30 days, no significant difference oc
curred with respect to the event rate of death 
(1.0% versus 0.4%), MI (2.1% versus 3.4%), 
urgent TLR (4.0% versus 4.1%), stroke (1.0% 
versus 0%), or any event (5.2% versus 4.9%). 
At one year, a primary event occurred in 16.5% 

versus 16.7% and any TLR in 14.4% versus 
15.6%, for diabetics and non-diabetics, respec
tively. 

Discussion 

Randomized trials have shown that stents im
prove the procedural outcome and reduce the 
restenosis rate.12 Initially, these favorable re
sults were achieved in selected patients with 
one, short, de novo lesion ("Benestent-I and 
STRESS-like" indications). Later trials focused 
on more complex lesions, restenotic lesions, ve-
ingraft lesions and occluded coronary arteries 
as well."1 Nevertheless, these randomized trials 
still addressed a selected group of patients with 
favorable characteristics and optimal results. 
Therefore, the worldwide population of pa
tients receiving a stent does not match with the 
characteristics of the various studies. Another 
major issue in interventional cardiology is the 
use of GP Ilb/IHa receptor blockers. There is no 
doubt that these drugs have made stenting 
safer.' However, whether patients with an opti
mal results after balloon angioplasty also bene-

TABLE 4. Quantitative Angiographic Analysis of 598 

Lesions 

Before the procedure 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

Immediately after the procedure 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

At 6-month follow-up 

Reference diameter (mm) 

MLD (mm) 

Diameter stenosis (%) 

Acute gam (mm) 

Late loss (mm) 

Loss index (mm) 

Net gam (mm) 

Restenosis rate (%) (95% CI) 

2.92±0 59 

0 90±0 54 

68.4±18.0 

3 08±0.60 

2 37±0.62 

22 8±14.3 

2 85±0 60 

1 76±0 69 

38 9±19 4 

1 38±0 64 

0 62±0 65 

0 43±0.61 

0 77±0.67 

24 2 (20 9-27.9) 

The values are expressed as means ± SD or as the percentage of the 

number of lesions 
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fit from additional GP Ilb/IHa receptor blockers 
is less clear This issue is even more vital, since 
simultaneously with the improvements in stent-
ing the results of balloon angioplasty have also 
improved dramatical ly.'1" Today, approxi
mately 15-20% of patients who underwent bal
loon angioplasty recur for reintervention.119 

Consequently, many patients probably do not 
benefit from the addition of stenting Therefore, 
a strategy of improved balloon angioplasty with 
stenting only if necessary and using GP Ilb/IHa 
receptor blockers only in high-risk patients 
might be as good as a strategy of routinely us
ing these tools. A strategy of provisional stent
ing with clinical outcomes similar to routine 
stenting would be cost-effective. In the present 
study we tried to address part of the above-men
tioned issues We analyzed the results of bal
loon angioplasty and provisional stenting in a 
large consecutive group of over 1,000 patients 

Stent-like Results 
In the French randomized Optimal Stenting 
Trial (FROS.T), the Doppler Endpoints 
Balloon Angioplasty Trial Europe (DEBATE-
II) and the Doppler Endpoint Stenting 
International Investigation coronary flow re
serve (DESTINI) trials, Doppler flow wire 
measurements were added to quantitative an
giographic evaluation to guide provisional 
stenting6" The definitions of optimal balloon 
angioplasty in these trials were almost identical 
(Table 5) The inclusion criteria, however, dif
fered widely FROST and DEB ATE-II included 
a selected group of patients with single, short, 
de novo lesions, while inclusion in DESTINI 
was broad, resembling the real world. The pri
mary end point in FROST was angiographic 
restenosis with clinical events as secondary 
endpoint, DEBATE-II and DESTINI evaluated 
the occurrence of death, MI and TLR at one 
year Overall, the main observation in these 
studies was that clinical end points did not dif
fer significantly between the provisional and 
routine stent groups.6 " Additional important ob
servations were made in DEBATE-II7 This 
study included a second randomization after 
guided balloon angioplasty to additional stent

ing or no further treatment. Thus, four sub
groups were created, enabling to study also the 
late results after "suboptimal" balloon angio
plasty (this subgroup would have received a 
stent in FROST and DESTINI) and the effect of 
additional stenting despite an "optimal" balloon 
angioplasty result. "Suboptimal" balloon an
gioplasty turned out to be the worst group, 
while additional stenting after an "optimal" re
sult further improved 1-year outcome' 
Therefore, one has to conclude that suboptimal 
balloon angioplasty is worse, optimal balloon 
angioplasty is as good as routine stenting and fi
nally the combination of optimal balloon an
gioplasty plus stenting is best. Nevertheless, 
strict protocols for assessment of optimal bal
loon angioplasty in these trials may restrict the 
applicability of their results to the "real world". 
In addition, to base optimal balloon angioplas
ty on Doppler assessment is both time consum
ing and expensive. Recently two additional ran
domized trials comparing provisional stenting 
with routine stenting were completed.11'1 Both 
the multicenter Optimum percutaneous translu
minal coronary angioplasty compared with rou
tine stent strategy trial (OPUS-1) and the 
Wiktor stent in de novo stenosis (WIDEST) 
study, included a selected group of patients with 
Benestent-I-type lesions p " But, in companson 
with the previous trials, OPUS-1 and WIDEST 
did not dictate specific criteria for provisional 
stenting so as to limit the effect of protocol-
mandated standards on usual standards of 
care."" The desired sample size of OPUS-1 
was 2,184 patients, but the study was stopped 
after only 479 patients were included because 
of lower-than-anticipated enrolment In the 
group assigned to balloon angioplasty, 37% of 
the patients received at least one stent, which is 
lower than in previous trials." WIDEST includ
ed 300 patients and 30 1 % in the balloon group 
received a stent " At 6 months, the composite 
rate of death, MI and TLR was significantly in 
favor of routine stenting in OPUS-1, while out
come was similar at one year in WIDEST 
(Table 5) " " So, thus far, OPUS-1 is the only 
study showing an advantage of routine stenting 
over provisional stenting Whether this is due to 
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the tact that too many patients with a subopti-
mal balloon result were not stented is specula
tive. This might, however, be consistent with 
the observation that the advantage of stenting 
over balloon angioplasty occurred already in 
the first months. In addition, the extremely low 
6-month TLR rate in the stented group is con
sistent with previous observations, showing ad
vantage of stenting particularly in short lesions 
in large vessels (mean reference diameter in 
OPUS-1 was 3.3 mm) ' ' Also the absence of 
control angiography in OPUS-1 might have led 
to a lower reintervention rate, as Benestent-II 
showed that follow-up angiography leads to 
more reinterventions ' 

Balloon Angioplasty in the Real World 
In the present study, we assessed a strategy of 
provisional stenting in allcomers Our results 
are comparable to those obtained in DEBATE-
II and DESTINI, despite a more complex pa
tient population and not using Doppler meas
urements to ascertain optimal balloon angio
plasty (Table 5) It might be even more uselul to 
compare our strategy to a strategy of routine 
stenting. Benestent-II and EPISTENT l , " l , 

Benestent-II randomized patients to stenting or 
balloon angioplasty.' In the EPISTENT trial, 
patients were randomly assigned to stent plus 
placebo, stent plus abciximab, or balloon an
gioplasty plus abciximab ' Although these trials 
where not restricted to Benestent-I-like lesions, 
they still describe a selected group of patients 
with lesions that were suitable for stent implan
tation If the inclusion criteria of Benestent-II 
would apply lor the BAAS study population, 
this would result in the exclusion of 460 BAAS 
patients (calculation not shown) Despite a less 
favorable patient population, the clinical out
come at one year in BAAS is comparable to that 
of the stent groups of Benestent-II and EPIS
TENT (Table 5) However, a lower stent rate 
may necessitate a higher urgent reintervention 
rate (4.0% in BAAS versus 1.2% in Benestent-
II and 1.3% in the best EPISTENT group) "But 
this higher urgent reintervention rate does not 
necessarily result in more myocardial infarc
tions (3.3% in BAAS versus 2.7% in Benestent-

II and 4 5% in the best EPISTENT group) ' ' 

GP Ilb/IIIa receptor blockers 
Undoubtedly, the use ot GP Ilb/IIIa receptor 
blockers has made PCI safer However, in many 
centers, the use of GP Ilb/IIIa receptor blockers 
is restricted because of their high cost It is 
therefore necessary to limit the use of these 
drugs to high-risk patients and to suboptimal re
sults. Our results corroborate this strategy, since 
we demonstrate that experienced operators us
ing modem angioplasty equipment can obtain 
good results even without the use of GP Ilb/IIIa 
receptor blockers A reason tor using GP 
Ilb/IIIa receptor blockers may be the reduced 1 -
year mortality when stenting was combined 
with abciximab in the EPISTENT trial (1.0% 
versus 2.4% in the stent plus placebo group, 
/>=() 037) N However, the EPISTENT trial was 
not adequately powered to study statistically 
significant diflercnces in mortality considering 
the low absolute mortalities (8 and 19 patients, 
respectively) In addition, the 1-year mortality 
reduction observed with abciximab was prima
rily due to a lower mortality in diabetic patients 
( 1 2% with abciximab versus 4.1 % with place
bo, P=0.\ 1). The mortality rate in nondiabelics 
was 1 0% versus 1 9%, respectively (P=0.16).I4 

In the present BAAS trial the mortality rate was 
only 1.1% Theretore, it is at least questionable 
whether the improvement in late outcome 
weighs up against the extra costs ol stents and 
abciximab. Our strategy of provisional stenting 
without abciximab would result in a cost reduc
tion of $ 170,000 per 1,000 patients treated com
pared with the stent plus abciximab group in the 
EPISTENT trial (based on the Benestent-II cal
culations'). 

Good results 
We can only speculate why our results are this 
good One reason may be the experience of the 
operators (mean experience of 14 years with 300 
procedures per year), who systematically at
tempt to achieve "stent-hke" results, with nowa
days technology allowing to obtain the largest lu
men possible, knowing a stent can be placed if 
the balloon does not succeed This is consistent 
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TABLE 5. Event Rate in Patients Undergoing Provisional and Routine Stentmg 

Provisional Stenting in the Real World 

fl/WS(n=1058) 

BAAS diabetics (n=97) 

Provisional Stenting in Selected Patients 

FROST-

Optimal balloon group (n=126) 

Stent group (n=125) 

DEBATE-II' 

Optimal balloon group (n=523) 

Stent group (n=97) 

DESTINI' 

Optimal balloon group (n=370) 

Stent group (n=365) 

OPUS-V2 

Balloon group (n=248) 

Stent group (n=229) 

WIDEST" 

Balloon group (n=144) 

Stent group (n=154) 

Stent versus Balloon angioplasty 

Benestent-ll ' 

Balloon group (n=410) 

Stent group (n=413) 

EPISTENT" 

Balloon plus abciximab (n=796) 

Stent plus placebo (n=809) 

Stent plus abciximab (n=794) 

Stents 

% of pts 

35 
35 

48 4 

46 

57 

37 

301 

134 

19 

Follow-up 

Months 

12 

6 

12 

12 

6 

12 

12 

12 

Any TLR 

% of pts 

155 
144 

151 
144 

109 
72 

156 
149 

149 
52 

171 
182 

20 0 

143 

20 0 

156 
152 

MACE 

% of pts 

167 
165 

151 
160 

159 
134 

189 
178 

149 
61* 

192 
20 8 

22 0 

160 

25 3 

24 0 

201 

Optimal balloon angioplasty was defined as a coronary flow reserve (CFR) > 2 2 and/or residual stenosis < 35% 

in FROST As a CFR > 2 5 and a residual stenosis < 35% in the DEBATE-II As CFR > 2 0 and/or a residual 

stenosis < 35% in DESTINI MACE comprises death acute myocardial infarction and TLR (target lesion 

revascularization) * denotes P<0 05 as compared with the provisional stent group 

with a larger acute gain in our patients as com
pared with those in Benestent-II and EPISTENT 
(1.3810.64 mm versus 1.05±().41 mm and 
1.09±0.48 mm, respectively).' " 

Limitations 
Very experienced operators in a high volume 
center obtained the present results. It is ques
tionable whether our strategy of aggressive bal
loon angioplasty with conservative stenting 
would be as safe and yield similar long-term re

sults in the hands of lower volume operators. 
We realize that the comparison of our results 

with those from other trials should be made 
with great care. However, the definitions of 
events used in Benestent-II and EPISTENT 
where similar to that in BAAS. The patient pop
ulation ot Benestent-II is quite similar except 
for more complex lesions in BAAS. The patient 
characteristics in EPISTENT were also very 
similar to BAAS, except for more patients with 
diabetes (20% versus 107r in BAAS) and with 
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previous Mi's (50% versus 39% in BAAS) in 

the EPISTENT trial.< In the EPISTENT trial di

abetics had a significantly poorer outcome es

pecially with regard to TLR." In our study the 

outcome of diabetics and non-diabetics was 

similar, and there was no significant difference 

in TLR. We therefore argue that our study re

sults can indeed be prudently compared with 

those in the EPISTENT trial. 

Conclusions 

Aggressive balloon angioplasty with a conser

vative rate of stenting yields excellent results in 

allcomers when performed by experienced high 

volume operators. 

Safety committee 

Professor Jan Tijssen, Epidemiologist, and 

Professor Harry Biiller, MD, Academic 

Medical Center, Amsterdam. 
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Chapter 1: Introduction 

Chaptei 1 gives a short general introduction and the rationale for this thesis Percutaneous coronary 
intervention (PCI) is still complicated by thrombotic events The main subject of this thesis is to study 
whether pretreating patients with coumanns can optimize the antithrombotic regime for before and 
after PCI 

Chapter 2: Antiplatelet and anticoagulant therapy in elective 
percutaneous coronary intervention 

The success rate of PCI has increased since its introduction, despite a widening scope of indications 
Nevertheless, this procedure still has two major drawbacks, being abrupt vessel closure during or 
shortly after the procedure and late restenosis Abrupt vessel closure is a feared complication very of
ten leading to myocardial infarction and death despite urgent reintervention Angiographic resteno
sis occurs in 20-'i()% of the dilated vessels 3 to 6 months after angioplasty, leading to reintervention 
in about 15% of the patients and to myocardial infarction or death in a small percentage of the pa
tients 

Nowadays, in more than 50% of the interventions stents are placed Stents have reduced the 
restenosis rates and are very effective in treating abrupt vessel closure However, stents have their 
own complications namely subacute thrombosis, which causes a myocardial infarction or death m the 
majority of patients, and in-stent restenosis, which is difficult to treat 

The review article titled "Antiplatelet and Anticoagulant Therapy in Elective Percutaneous 
Coronary Intervention" in chaptei 2 discusses the possible role of thrombosis in the occurrence of 
early complications and restenosis after elective balloon angioplasty and stenting as well as the cur
rent antithrombotic medication to prevent these complications with special interest for oral antico
agulant therapy 

Chapter 3: Effect of coumarins started before percutaneous 
coronary intervention on acute complications and 

long-term follow-up 
Chaptei ? describes the results ol a prospective randomized trial the Balloon Angioplasty and 
Anticoagulation Study (BAAS) The BAAS was the first trial to study the effect of oral anticoagu 
lant treatment started before PCI and continued for 6 months This trial randomly assigned ΉΟ pa
tients to aspirin plus coumarins and 528 patients to aspirin alone Target INR was 2 1-4 8 At one year, 
the composite end point of death, myocardial infarction, target-lesion revascularization and stroke 
was observed in 14 3% of the patients treated with aspirin plus coumarins as compared with in 20 3% 
of the patients treated with aspirin alone (RR, 0 71, 95% CI, 0 54-0 91) Coumarins did not improve 
the outcome in the subgroup of patients in which coumarins were started < "Ί days before the proce
dure The incidence of major bleeding and false aneurysm during hospitalization was 3 2% and 1 0%, 
respectively, (RR, 3 39, 95% CI, 1 26-9 11 ) The benefit of coumanns was observed in both stentcd 
and non-stented patients 

Conclusion coumarm therapy in addition to aspirin started before the intervention is more effective 
than aspirin alone in preventing acute and late complications after angioplasty 
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Chapter 4: Effect of coumarins started before percutaneous 
coronary intervention on restenosis 

Chaptei 4 describes the results of the BAAS Angiographic Substudy. In BAAS, a subrandomization 
was performed to either clinical follow-up alone or to clinical and angiographic follow-up. A total of 
261 patients in the aspirin group and 270 patients in the coumarin group were randomized to under
go follow-up angiography. Follow-up angiography was performed in 241 of the 251 eligible aspirin 
patients (96%) and in 239 of the 262 (91%) eligible coumarin patients. However, due to poor filling, 
overlap or foreshortening on the pre-, the post- or the follow-up angiogram, many lesions were re
jected from analysis. Therefore, quantitative coronary analysis was based on 301 of the 369 (82%) 
treated lesions in the aspirin group and 297 of the 406 (74%) treated lesions in the coumarin group. 
At 6 months, no significant difference occurred in the angiographic primary end point minimal lu
minal diameter between the aspirin group and the coumarin group. However, the patients with opti
mal anticoagulation had a more favorable angiographic outcome than those with suboptimal antico
agulation. By multivariate analysis, optimal anticoagulation led to a 0.21 mm (95% CI: 0.05-0.38) 
larger MLD. This effect was present both in stenled (0.15 mm; 95% CI: -0.15-0.45) and non-stented 
lesions (0.22 mm; 95% CI: 0.02-0.42 mm). The overall angiographic outcome is in contrast with the 
clinical outcome described in chapter 3. In chapter 4 we discuss the possible reasons for this dis
crepancy. 

Conclusion, on the whole, coumarins do not improve the angiographic outcome at 6 months. 
However, when an optimal level of anticoagulation is reached, coumarins do improve the angio
graphic outcome. 

Chapter 5: Optimal level of anticoagulation with coumarins for 
patients undergoing percutaneous coronary intervention 

In chapter 5 we attempt to determine the optimal intensity of oral anticoagulant therapy to prevent 
thrombotic complications after PCI while not increasing bleedings. Furthermore, we analyze whether 
an optimal level of anticoagulation, defined as an INR in the target range (2.1-4.8) for at least 70% 
of the follow-up time, is associated with a reduced late event rate and a lager angiographic diameter 
of the dilated segment at 6 months. For early thrombotic events and for bleeding complications the 
incidence rate was lowest in the target range. With respect to laic thrombotic events, multivariate 
analysis showed that optimal anticoagulation was associated with a significant lower event rate (RR, 
0.33; 95% CI, 0.19-0.57). Optimal anticoagulation was also independently associated with a larger 
minimal luminal diameter at 6 months. For late bleedings the incidence rale was again lowest in the 
target range. 

In conclusion: our data suggest that for patients undergoing PCI, the optimal intensity to reduce 
thrombotic events while not increasing bleedings lies between 2.1 and 4.8 INR. 

Chapter 6: Coumarins started before provisional stenting 

Nowadays, many patients receive coronary stems and are additionally treated with platelet glyco
protein (GP) Ilb/IIIa receptor blockers to reduce the risk of thrombosis. Although this treatment 
regime is very effective, it is also very expensive. In addition, thrombotic complications after slenl-
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ing are probably not only mediated by activated platelets, but also the coagulation factors play a role 
In Chaplei 6 we evaluate whether coumarins started before the intervention also reduce the risk of 
complications after stenling In the BAAS, 188 patients in the aspirin group and 181 patients in the 
coumarin group were stented Ticlopidine became available halfway the trial period After that, ticlo-
pidine was given at the discretion ot the operator and replaced oral anticoagulants in 24 coumarin pa
tients (13%) after stenting In the aspirin group, ticlopidine was added to aspirin in 106 patients 
(56%) At 30 days, the composite end point of death, myocardial inlarction or target lesion reinter-
vention occurred in 7 2% of the coumarin patients and in 12 8% of the aspirin patients (RR, 0 ^6, 
9")% CI, 0 3-1 07) 

Com lusion coumarins started before the intervention, reduce the thrombotic complication rate after 
stenting 

Chapter 7: Costs and effects of using coumarins before, during 
and after percutaneous coronary intervention 

Whether coumarin therapy for patients undergoing PCI is cost-effective, is studied in chaplei 7 Costs 
of treatment and the costs associated with thrombotic and bleeding events were analyzed Costs were 
calculated by multiplying resource utilization per patient, as collected alongside the trial, with esti
mates of unit costs The costs of outpatient anticoagulation monitoring were also included From 
these data the average and incremental cost-effectiveness ratios were calculated When including all 
costs the savings associated with coumarin treatment were estimated at 23') Euros after one year This 
was in particular due to less reinterventions in the coumarin group 

Com lusion coumarins started before PCI and continued during follow-up may not only be consid
ered more cllective but also cost saving 

Chapter 8: Effect of pretreatment with oral anticoagulants 
on platelet activation before and after percutaneous coronary 

intervention 
Platelet activation plays a major role in acute vessel closure after coronary angioplasty In the ran
domized Balloon Angioplasty and Anticoagulation Study (BAAS), pretrealment with oral anticoag
ulants in addition to aspirin resulted in a 47% reduction of acute complications as compared with as
pirin alone Thus, a direct effect ot oral anticoagulants on platelet activation was suggested In chap
ter 8 we analyze the effect ot oral anticoagulants on platelet function and platelet activation state in 
patients undergoing PCI Platelet activation was measured by whole-blood flow cytometry with epi-
tope-dependent monoclonal antibodies, which is an extremely reliable measure of the activation of 
individual platelets Platelet function was measured by the automated PFA-lOO® analyzer 

Coumarins reduced the number ot activated platelets both before and after angioplasty The abil
ity ot platelets to become stimulated as measured with the PFA-100' analyzer was not affected by 
oral anticoagulants 

Conclusion oral anticoagulants reduce platelet activation during coronary angioplasty, which is in 
agreement with its clinical effect ot reducing procedural complications 
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Chapter 9: Effect of planned 6-month control angiography on late 
outcome after percutaneous coronary intervention 

In daily practice, the evaluation of the late results of PCI is usually based on the occurrence of car
diac events and the recurrence of angina pectoris. Thus, control angiography is mostly reserved for a 
subgroup of symptomatic patients. In the setting of a clinical trial, however, a control angiography is 
often used to assess the long-term effect of angioplasty. The effect of routine control angiography on 
late outcome is still largely unknown. In the BAAS, patients were subrandomized to angiographic 
follow-up. In chapter 8 shows that the patient group randomized to control angiography underwent 
significantly more reinterventions than the group with clinical follow-up alone. After 3 years, the 
higher reintervenlion rate did not improve survival. However, at 3 years, the angiographic follow-up 
group had significantly less angina pectoris, and in addition less myocardial infarctions occurred in 
this group. The ellect of control angiography was similar whether the patients had received a stent 
during the index PCI or not. 

Conclusion- planned follow-up angiography after PCI leads to more reintervention. A higher rein-
tervention rale does not improve survival, however, it results in more asymptomatic patients. 

Chapter 10: Effect of warfarin on rate of restenosis after PTCA 
Letter to the Editor 

Before we started the BAAS, in this "Letter to the Editor" we discussed the possible effectiveness of 
pretreatmenl with coumarins for patients undergoing PCI. In particular, we hypothesized that to re
duce thrombotic complications during PCI, it is probably mandatory that the level of anticoagulation 
already be adequate at the start of the procedure. Therefore, the oral anticoagulant treatment should 
be started well bclore the intervention. 

Chapter 11: Should all patients undergoing percutaneous 
coronary intervention be treated with a stent and a platelet 

glycoprotein Ilb/IIIa receptor blocker? 
The results of PCI have improved over the years, in particular due to better stenting techniques and 
the use of GP Ilb/IIIa receptor blockers. Does this mean that every patient has to be treated with this 
combination'? The two major drawbacks of this combination are firstly that many patients will recur 
with in-slent restenosis, which is very therapy resistant. And secondly this combination therapy is ex
pensive. In addition, simultaneously with the development of better stent results, also the results of 
balloon angioplasty have improved dramatically. In addition, there is evidence that long-term results 
of provisional stenting (using stents only when results with balloon angioplasty alone are subopti
mal) are comparable to routine stenting. This strategy of provisional stenting may be cost-effective 
and lead to less in-slent restenosis as compared with routine stenting. In addition, the value of GP 
Ilb/IIIa receptor blockers after successful balloon angioplasty is less evident. We believe that balloon 
angioplasty when perlormed by experienced high volume operators with application of state-of-the-
art equipment does not necessarily require stents and GP Ilb/IIIa receptor blockers in each patient. 
The two additional treatments may be reserved for high-risk patients or complicated procedures. To 
find proof lor our hypothesis, in ihapter II we study a strategy of aggressive balloon angioplasty 
with provisional stenting (in 3.W of the patients) in a nonselected group of patients. We demonstrate 
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that this strategy yields excellent results in a patient group of allcomers. We compare our results with 
those obtained in the most recent stent studies (Benestent-II and EPISTENT), and show that aggres
sive balloon angioplasty with provisional stenting should be considered an effective alternative to 
routine stenting. 

Conclusion aggressive balloon angioplasty with provisional stenting yields excellent results in all 
comers when performed by experienced high volume operators. 

Chapter 12: Effect of additional bolus of high-dose aspirin 
on platelet activation before and after percutaneous coronary 

intervention 
Platelet activation plays a major role in acute closure after PCI Aspirin pretreatment reduces acute 
closure, but many patients do not respond optimally to low dose aspirin when it is given for longer 
times In normal subjects this unresponsiveness can be partly overcome by an additional high-dose 
bolus of aspirin. For patients with symptomatic obstructive coronary artery disease undergoing PCI 
this effect is unknown Inchaptei 12 we hypothesize that an increase of aspirin dose may result in a 
better outcome. A first step in finding proof for this concept is assessing the effect of additional high-
dose aspirin treatment on platelet functions in the setting of PCI Therefore, we studied the addition
al effect of a high-dose bolus of 1000 mg aspirin on top of daily 100 aspirin on platelet activation be
fore and after PCI In addition, we evaluated the potential of the new, automated, PFA-100® analyz
er to assess the effect of different doses of aspirin The results show that the addition of high-dose as
pirin to daily low-dose aspirin significantly reduces the platelet activation state before and after in
tervention This could mean that a high-dose bolus aspirin may reduce early thrombotic complica
tions in patients undergoing PCI The PFA-100® analyzer was not usefull to monitor the effect of low 
versus high-dose aspirmwhilewas preserved 

Com lusion the addition of high-dose aspirin to daily low-dose aspirin significantly reduces platelet 
activation before and after intervention 
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Hoofdstuk 1: Introductie 

In hoofdstuk 1 wordt kort de achtergrond en de rationale van dit proefschrift beschreven Het hoof-
donderwerp van dit proelschrift betreft de vraag of het zinvol is patiënten die een percutané coron
aire interventie moeten ondergaan, voor te behandelen met orale anticoagulantia 

Hoofdstuk 2: Rol van trombose bij het ontstaan van acute 
vaatocclusie en restenose na percutané coronaire interventie 

Het succespercentage van percutané coronaire interventie is de laatste jaren sterk toegenomen on
danks uitbreiding van de indicaties Desondanks heeft deze ingreep nog steeds twee belangrijke com 
plicaties acute vaatocclusie en restenose Acute vaatocclusie leidt vaak tot een myocardinfarct en 
soms tot de dood Angiografische restenose treedt op in 20-50% van de gedilateerde stenoses met als 
gevolg dat zo'n 15% van de patiënten opnieuw een interventie moet ondergaan 

Stents reduceren de kans op restenose en zijn zeer effectief in de behandeling van acute vaatoc
clusie Maar ook stents hebben specifieke complicaties stent trombose met vrijwel altijd een my
ocardinfarct en/ of de dood tot gevolg en in-stent restenose hetgeen zeer therapieresislent is 

Het overzichtsartikel in hoofdstuk 2 met de titel "Antiplatelet and Anticoagulant Therapy in 
Elective Percutaneous Coronary Intervention" bespreekt de rol van trombose bij het ontstaan van 
acute vaatocclusie en restenose na ballon angioplastiek en na stent plaatsing Tevens wordt de huidi
ge antitrombotische medicatie ter voorkoming van deze complicaties besproken Hierbij gaat er spe
ciale aandacht uit naar orale anticoagulantia 

Hoofdstuk 3: Effect van voorbehandeling met orale anticoagulantia 
op acute en late complicaties na percutané coronaire interventie 

In hoofdstuk 3 worden de resultaten van een prospectieve gerandomiseerde studie beschreven de 
Balloon Angioplasty and Anticoagulation Study (BAAS) De BAAS is de eerste studie waarin het ef
fect van voorbehandeling met orale anticoagulantia op acute en late complicaties na percutané coro
naire angioplastiek onderzocht werd Er werden 5^0 patiënten gerandomiseerd naar aspirine en 
cumannes en 528 patiënten naar alleen aspirine De streefwaarde was 2 1-4 8 INR Na eenjaar werd 
het gecombineerde eindpunt dood, myocard infarct, reinterventie of CVA bereikt in 14 1% van de 
patiënten in de coumarme groep en in 20 V/c van de patiënten in de aspirine groep (RR, 0 71, 95% 
CI, 0 54-0 91) Dit voordeel werd enigszins tenietgedaan door meer met-fatale bloedingen in de 
coumarinc groep tijdens de opname 1 2% versus 1 0% (RR, 1 19, 95% CI, 1 26-9 11 ) Ook voor de 
patiënten die met een stent behandeld werden, was coumarme therapie van voordeel 

Conclusie voorbehandeling met de combinatie van aspirine en cumannes is effectiever ter preventie 
van acute en late complicaties na percutané coronaire interventie dan behandeling met aspirine alleen 

Hoofdstuk 4: Effect van voorbehandeling met orale 
anticoagulantia op restenose 

In hoofdstuk 4 wordt de angiografische substudie van de BAAS beschreven In de BAAS werd de helft 
van de patiënten gerandomiseerd naar het ondergaan van controle coronaire anglografie 6 maanden na 
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de interventie Er werden 261 patiënten in de aspirine groep en 270 patiënten in de coumanne groep 
gerandomiseerd naar het ondergaan van controle anglografie 6 maanden na de interventie Deze cont
role angiografie werd verricht bij 241 van de 2'il beschikbare aspirine patiënten (96%) en bij 2^9 van 
de 262 (91 %) beschikbare coumanne patiënten Echter, ten gevolg van technische beperkingen van de 
opnames op het pre-, het post- of het controle angiogram, bleken vele stenoses ongeschikt voor kwanti
tatieve analyse Dientengevolge kon de kwantitatieve coronaire analyse verricht worden van 301 van de 
169 (82%) behandelde stenoses in de aspmne groep en van 297 van de 406 (74%) behandelde stenoses 
in de coumanne groep Zes maanden na de interventie, bleek er geen significant verschil in het primaire 
angiografische eindpunt minimale luminale diameter in de aspirine groep en de coumanne groep Echter 
de patiënten in de coumanne groep met een optimale ontstollmg gedefinieerd als een INR tussen 2 1 en 
4 8 gedurende tenminste 70% van de follow-up tijd, hadden een betere angiografische uitkomst dan de 
patiënten met een suboptimale ontstollmg Multivariate analyse toonde aan dat een optimale ontstollmg 
resulteerde in een 0 21 mm (9*5% Cl 0 05-0 18) grotere vaatdiameter na 6 maanden Dit effect werd 
gezien bij zowel patiënten die een stent kregen (0 15 mm, 95% Cl, -0150 45) als ook bij patiënten die 
alleen met een ballon behandeld werden (0 22 mm, 95% Cl, 0 02-0 42 mm) 

De angiografische uitkomst in de gehele coumanne groep is in tegenspraak met het gunstige effect 
van coumanne therapie op klinische eindpunten (o a rcintervenlie voor restenose) zoals beschreven in 
hoofdstuk 1 In hoofdstuk 4 gaan we in op de mogelijke verklaringen van deze discrepantie 

Conclusie voorbehandeling met cumannes heeft geen effect op restenose, tenzij er een optimaal 
niveau van ontstollmg bereikt wordt 

Hoofdstuk 5: Optimale niveau van ontstolling met orale 
anticoagulantia voor patiënten die een percutané coronaire 

interventie ondergaan 
In hoofdstuk 5 wordt nader ingegaan op het optimale niveau van ontstolling met cumannes in de 
BAAS Er wordt onderzocht of de streef INR 2 1-48 elfectiever is ter voorkoming van vroege irom-
botische complicaties dan een INR builen deze streefwaarden Ook wordt bekeken of er een relatie is 
tussen de mate van ontstollmg en het optreden van bloedingcomplicaties Tevens wordt onderzocht 
of patiënten met een optimale ontstolling, gedefinieerd als een INR tussen 2 1 en 4 8 gedurende ten 
minste 70% van de follow-up tijd, minder late complicaties en een grotere minimale diameter van het 
gedilateerde vat hebben dan patiënten met een suboptimale ontstolling Hel bleek dat zowel acute 
irombotischc complicaties alsook bloedingen hel minst voorkwamen wanneer de INR tussen de 2 1 
en 4 8 lag Multivariate analyse toonde aan dat optimale ontstolling geassocieerd was met een signif
icant lager risico op late trombotische complicalies (RR, 0 11, 95% CI, 0 19-0 57) Optimale antis-
tollmg resulteerde tevens in een significant grotere minimale diameter 6 maanden na de interventie 

Condusie voor patiënten die een percutané coronaire interventie moeten ondergaan en behandeld 
worden met orale anticoagulantia is een streel waarde van 2 1-48 INR optimaal 

Hoofdstuk 6: Effect van voorbehandeling met orale 
anticoagulantia op complicaties na coronaire stenting 

Vandaag de dag wordt de meerderheid van de patiënten behandeld met coronaire stents Stents 
zijn echter trombogeen Om deze reden worden patiënten tevens behandeld met thrombocyten 
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aggregatie remmers (o a de dure glycoproteine (GP) Ilb/IIIa receptor antagonisten) 
Waarschijnlijk spelen echter ook de stollingsfactoren een rol bij het ontslaan van trombotische 
complicaties na stent plaatsing In hoofdstuk 6 wordt onderzocht ot voorbehandeling met orale 
anticoagulantia trombotische complicaties na stentplaatsing voorkomt In the BAAS werden 188 
patiënten in de aspirine groep en 181 patiënten in the coumanne groep behandeld met een stent 
Ticlopidine kwam beschikbaar halverwege de studieperiode Nadien werd het aan de interventie 
cardioloog overgelaten de patient te behandelen met ticlopidine Ticlopidine verving zodoende 
bij 13% van de patiënten de cumarines en werd in 56% van de patiënten toegevoegd aan aspirine 
Na 30 dagen werd het gecombineerde eindpunt dood, myocard infarct ol reinterventie bereikt in 
7 2% van de coumanne patiënten versus m 12 8% van de aspirine patiënten (RR, 0 56, 95% CI, 
0 3-1 07) 

Com lusie voorbehandeling met cumarines reduceert het aantal trombotische complicaties na stenting 

Hoofdstuk 7: Kosten-effectiviteit van het gebruik van orale 
anticoagulantia tijdens en na percutané coronaire interventie 

In hoofdstuk 3 wordt aangetoond dat de combinatie van aspirine plus cumarines effectiever is ter 
preventie van trombotische complicaties na percutané coronaire interventie dan aspirine alleen 
De combinatie leidt echter ook tot meer bloedingcomplicaties In hoofdstuk 7 wordt geanalyseerd 
of cumarines kosten-effectief zijn waarbij zowel de kosten verbonden aan trombotische- als ook 
de bloedingcomplicaties worden berekend Ook de kosten verbonden aan de INR controles bij 
de Trombosediensten worden hierin verdisconteerd Hieruit werden de gemiddelde en de 
toegenomen koslcn-effectiviteits ratio s berekend Coumanne therapie levert een besparing op 
van 235 Euro per patient per jaar, met name doordat er minder reintervenlies nodig waren in de 
coumanne groep 

Conclusie aspirine plus coumanne therapie voor patiënten die percutané coronaire interventie on
dergaan is niet alleen elfectiever dan alleen aspirine, maar ook kostenbesparend 

Hoofdstuk 8: Effect van voorbehandeling met cumarines op 
trombocyten activatie en functie vóór en na percutané 

coronaire interventie 
Geactiveerde trombocyten spelen een essentiële rol bij het ontstaan van acute vaatocclusie na percutané 
coronaire angioplastiek In BAAS gaf het gebruik van cumarines een relatieve reductie van 47% in het op
treden van vroege trombotische complicaties Dit suggereert dat cumarines een direct effect hebben op trom
bocyten In hoofdstuk fi wordt het effect van voorbehandeling met cumannes op trombocyten activatie on
derzocht met behulp van flow cytometric Dit is een zeer gevoelige methode om de activatie van de indi
viduele Irombocyl te meten De invloed van cumarines op trombocyten tunctie wordt gemeten met het geau
tomatiseerde PFA-100" systeem Er wordt aangetoond dat cumannes de activatie van trombocyten remmen 
zowel voor als na de interventie De trombocyten functie wordt echter niet beïnvloed door cumannes 

Conclusie cumarines remmen de activatie van trombocyten tijdens percutané coronaire interventie Dit 
resultaat is in overeenstemming is met de reductie van vroege trombotische complicaties zoals werd 
gezien in de BAAS 
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Hoofdstuk 9: Effect van geplande controle angiografie 6 maanden 
na percutané coronaire interventie 

In de dagelijkse praktijk wordt het succes van percutané coronaire interventie gewoonlijk afgelezen 
aan het optreden van cardiale events en het heroptreden van angina pectoris Controle angiografie 
wordt meestal gereserveerd voor een subgroep van symptomatische patiënten In gerandomiseerde 
onderzoeken wordt juist controle angiografie gebruikt ter beoordeling van lange termijn resultaten 
De vraag is wat de invloed is van deze controle angiografie op de verdere behandeling van de patient 
en op het optreden van events Dit eftecl is nog maar zelden onderzocht In de BAAS werd de helft 
van de patiënten gerandomiseerd naar het ondergaan van geplande controle angiograhe In hoofdstuk 
8 wordt aangetoond dat patiënten die gerandomiseerd werden vooreen geplande controle angiografie 
significant vaker een reinterventie ondergingen dan de patiënten die gerandomiseerd werden naar 
alleen een klinische lollow-up Na 3 jaar follow up had het toegenomen aantal reinterventies geen 
invloed op de mortaliteit Wel hadden de patiënten met angiograhsche follow-up signihcant minder 
angina pectoris en traden er in deze patiëntengroep minder myocard mlarctcn op Geplande controle 
angiograhe had hetzelfde effect bij patiënten die met een ballon dan wel additioneel met een stent be
handeld werden 

Conclusie geplande controle angiogafie 6 maanden na de interventie leidt tot meer reinterventies 
Het verrichten van meer reinterventies geelt geen verlenging van de levensduur, maar wel een af
name van angina pectoris 

Hoofdstuk 10: Effect of warfarin on rate of restenosis after PTCA 
Letter to the Editor 

Voorafgaande aan de BAAS, bediscussieerden wij in deze "Letter to the Editor" de mogelijke etlec-
tiviteit van voorbehandeling met cumarmes ter voorkoming van trombotische complicaties bij patiën
ten die een percutané coronaire interventie ondergaan Wij waren van mening dat cumarmes alleen 
effectief kunnen zijn wanneer tijdens de interventie reeds een adequate mate van ontstolling wordt 
bereikt De cumarmes dienen aldus ruim voor de interventie gestart worden 

Hoofdstuk 11: Moet elke patiënt die een percutané coronaire 
interventie ondergaat behandeld worden met een stent en een 

trombocyten glycoproteine Ilb/IIIa receptor antagonist? 
De laatste jaren zijn de resultaten van percutané coronaire interventie vooral verbeterd door de in
troductie van betere stent technieken in combinatie met het gebruik van GP Ilb/IIIa receptor antago
nisten Hieruit zou men kunnen afleiden dat alle patiënten die een percutané coronaire interventie on
dergaan, additioneel behandeld moeten worden met deze combinatie Er zijn echter twee redenen om 
dit niet te doen Ten eerste zullen vele patiënten na stent plaatsing opnieuw een interventie moeten 
ondergaan voor in stent restenose In-stent restenose is echter zeer therapie resistent Ten tweede is 
het routinematig plaatsen van een stent in combinatie met het gebruik van GP Ilb/IIIa receptor an
tagonisten erg duur Wat tevens van belang is, is dat ook de resultaten van ballon angioplastiek sterk 
zijn verbeterd Optimale ballon angioplastiek in combinatie met provisional stenting (alleen een stent 
plaatsen wanneer dat absoluut noodzakelijk is) is mogelijk even effectiel als routinematig stenten 
Deze strategie zou tot minder kosten kunnen leiden en zeker tot minder m-stent restenose dan het rou-
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tinematig plaatsen van stents. Ook is de additionele waarde van GP Ilb/IIIa receptor antagonisten bij 
geslaagde ballon angioplastiek met duidelijk. 

Wij zijn van mening dat wanneer de procedure verricht wordt door een ervaren operateur met 
hedendaagse state-of-the-art apparatuur, niet in alle gevallen een stent en een GP Ilb/IIIa receptor an
tagonist nodig is Deze dure therapieën kunnen dan gereserveerd worden voor patiënten met een hoog 
risico op complicaties en voor die procedures die gecompliceerd verlopen. Om onze hypothese te 
staven onderzoeken wij in hoofdstuk II de resultaten van agressieve balloon angioplastiek met pro
visional stenting (in 35% van de patiënten) in een ongeselecteerde patiëntengroep Wij tonen aan dat 
onze aanpak leidt tot uitstekende korte- en lange termijn resultaten. Wanneer wij onze resultaten 
vergelijken met die van recente stentstudies (Benestent-II en EPISTENT), kan geconcludeerd wor
den dat agressieve ballon angioplastiek met provisional stenting een goed alternatief is voor het rou
tinematig plaatsen van stents 

Conclusie aggressieve ballon angioplastiek met provisional stenting leidt tot uitstekende korte- en 
lange termijn resultaten en is zodoende een goed alternatief voor het routinematig plaatsen van stents 

Hoofdstuk 12: Effect van een extra bolus aspirine op trombocyten 
activatie en functie vóór en na percutané coronaire interventie 

Trombocyten activatie speelt een essentiële rol bij het optreden van vroege, trombotische, compli
caties na percutané coronaire interventie. Aspirine reduceert de kans op complicaties Aspirine werkt 
echter minder goed wanneer het langdurig gebruikt wordt. In vitro studies bij gezonde vrijwilligers 
hebben aangetoond dat een hoge, eenmalige, dosis aspirine additionele remming van trombocyten 
activatie geeft In hoofdstuk 11 wordt het effect van een extra bolus van 1000 mg aspirine naast het 
dagelijks gebruik van 100 mg aspirine op trombocyten activatie onderzocht met behulp van flow cy
tometric. Tevens werd onderzocht ol het automatische PFA-100® systeem een vervanger zou kun
nen zijn van de zeer arbeidsintensieve flow cytometne ter beoordeling van het effect van verschil
lende dosenngen aspirine De resultaten tonen aan dat een additionele eenmalige hoge dosis aspirine 
significant meer remming van trombocyten activatie geeft dan 100 mg aspirine alleen Dit resultaat 
suggereert dat een additionele bolus aspirine het optreden van trombotisch complicaties na angio
plastiek zou kunnen reduceren Het PFA-100® systeem bleek niet in staat het effect van verschillende 
dosenngen aspirin te detecteren 

Conclusie een additionele hoge dosis aspirine reduceert trombocyten aggregatie vóór en na percu
tané coronaire interventie Dit suggereert dat een additionele bolus aspirine trombotisch complicaties 
na angioplastiek zou kunnen reduceren 
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I 

Zonder de juiste voorbehandeling kan dotteren bloedstollend zijn 

II 

Voorbehandeling met de combinatie van aspirine en cumarines is effectiever ter 

preventie van acute en late complicaties na percutané coronaire interventie dan 

behandeling met aspirine alleen 

Dit pi oef sc hilft 

III 

De duur en de intensiteit van de ontstolling met cumarines zijn van belang ter 

voorkoming van complicaties na percutané coronaire interventie 

Dit proef sc hilft 

IV 

Diep ontstollen lijkt bloedlink maar alleen dan ben je restenose de BAAS 

Dit pi oef sc hilft 

V 

De combinatie van aspirine en cumarines voor patiënten die percutané coronaire 

interventie ondergaan, is met alleen effectiever dan aspirine alleen, maar ook 

kostenbesparend 

Dit pi oef se hi ift 

VI 

Cumarines remmen de activatie van trombocyten bij patiënten die een 

percutané coronaire interventie ondergaan 

Dit pi oef\c hilft 

VII 

Geplande controle angiografie zes maanden na de interventie leidt op de lange 

termijn tot minder patiënten met angina pectoris 

Dit pi oef schrift 



Vili 

Agressieve ballon angioplastiek met "provisional" stenting is een goed alternatief 

voor het routinematig plaatsen van stents 

Dit proef κ hilft 

IX 

Een additionele hoge dosis aspirine reduceert trombocyten activatie vóór en na 

percutané coronaire interventie Dit suggereert dat een additionele bolus aspirine 

trombotische complicaties na angioplastiek kan reduceren 

Dit pi oef schuft 

X 

Een stent is een stunt als je met dotteren kunt 

XI 

Coronaire angiografie je moet met kijken naar wat er is, maar naar wat er niet is 

(JMPG Emst) 

XII 

Percutané abldtie van het septum met alcohol bij patiënten met een symptomatische 

Hypertrofische Obstructieve Cardiomyopathy is een goed alternatief voor een 

Morrow Septal Myectomy (JM ten Berg Neth Heai t J 2001 ) 

XIII 

De herkauwende koe marineert zijn klavertjes zodanig dat fonetisch gesproken 

verstoppingen worden voorkomen 






