
Percutaneous transluminal coronary
angioplasty (PTCA) was introduced into
clinical practice more than 20 years ago.1

The breathtaking growth of percutaneous cor-
onary interventions (PCI) during the 1990s in
Europe (fig 1) reflects their widespread accept-
ance for coronary revascularisation, challeng-
ing coronary artery bypass grafting (CABG).
This review provides an overview of current
coronary interventional techniques with em-
phasis on adjunctive pharmacologic treatments
and indications of PCI in patients with chronic
coronary artery disease.

Percutaneous coronary interventions

Balloon angioplasty
The balloon catheter is central not only to bal-
loon angioplasty, but serves also as a comple-
mentary instrument for other intracoronary
interventions such as delivery of stents or
radiation sources. There are three types of bal-
lon catheter (based on the relation between the
guidewire and balloon)— fixed wire, over the
wire, and Monorail balloon catheters—the lat-
ter being the most popular in Europe. There
are five possible mechanism by which balloon
angioplasty improves coronary haemodynam-
icsw1: (1) plaque compression; (2) plaque
fracture; (3) stretching of the plaque free wall
segment in eccentric lesions; (4) stretching of
the vessel wall without plaque compression;
and (5) medial dissection (fig 2). The most
important mechanisms for improved blood
flow appears to be the rupture and dehiscence

of the atherosclerotic plaque, resulting in
numerous fissures and sprouting of blood filled
channels. The individual procedural outcome
is a combination of diVerent degrees of the
above mechanisms, and the final luminal
geometry following balloon angioplasty is
determined by the ensuing remodelling of the
vessel wall.w2–4

Despite this crude mechanism of arterial
dilatation the initial success rate of balloon
angioplasty is > 90% in single lesions.w5-7 The
chief limitations to event free survival following
balloon angioplasty have been abrupt vessel
closure in the short term and restenosis in the
long term.2 w8 Abrupt vessel closure, defined as
the sudden occlusion of the target vessel during
or after angioplasty, has been reported in 4–8%
of cases.w9 w10 The pathophysiologic mecha-
nisms underlying abrupt vessel closure are dis-
section (80% of cases), thrombus formation
(20% of cases), and coronary artery spasm.w11

Abrupt vessel closure becomes apparent in
75% of cases while still in the catheterisation
laboratory, the remainder occurring within 24
hours of the procedure. Abrupt vessel closure
has been associated with death in 0–8% and
myocardial infarction (MI) in 11–54% of cases.
In the past > 20% of patients suVering abrupt
vessel closure were referred for emergency
CABG.w12 In the meantime coronary artery
stents have become the method of choice in
treating threatened or abrupt vessel closure,
with success rates in excess of 90%.

Restenosis, defined as > 50% diameter
stenosis at follow up angiography, has been the
most important long term limitation of balloon
angioplasty, with an incidence of 30–50% and
need for target vessel revascularisation in
20–30% of patients.w8 Most restenosis occurs
during the first four months following balloon
angioplasty, and patients who are free of
restenosis at six months are considered to be at
minimal further risk.

Today’s paradigm of PCI is an aggressive
approach to initial balloon angioplasty, so
called optimal balloon angioplasty, to optimise
luminal gain, with provisional stenting as a
safety net for suboptimal balloon results (fig 2
and 3).3 A stent like balloon angioplasty result,
arbitrarily defined in BENESTENT I as a
residual stenosis < 30%, resulted in a minimal
mean (SD) luminal diameter of 1.84
(0.52) mm (stent group 1.82 (0.64) mm), a
binary restenosis rate of 16% (stent group
22%) and a one year event free survival rate of
77% (stent group 77%).w13 Similarly, patients
in the DEBATE study undergoing balloon
angioplasty, whose results were assessed physi-
ologically by means of intracoronary Doppler
flow velocity measurement, were found to have
a favourable restenosis rate (16% v 41%,
p = 0.002) and target lesion revascularisation
rate (16% v 34%, p = 0.024), as well as
freedom from recurrent symptoms or ischae-
mia (23% v 47%, p = 0.005) at six months fol-
low up, if the coronary flow reserve was > 2.5
and the residual diameter stenosis < 35%.w14

A strategy of optimal balloon angioplasty
with “provisional” stenting in case of early
recoil was compared with coronary artery
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Figure 1: Development of cardiac interventions during the 1990s in Europe. Data
are obtained from the coronary circulation working group of the European Society
of Cardiology and represent more than 30 European countries with a population
> 500 million people. Note the steady increase in the number of PTCAs, coronary
stent, and CABG procedures, in contrast to new devices.
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stenting in 116 patients in the OCBAS trial.w15

After randomisation to PTCA, 14% of patients
crossed over to stenting owing to early luminal
loss. Although acute gain was significantly
higher in patients implanted with coronary
artery stents, there was no diVerence in net
gain at six months between the two groups
(1.32 (0.3) mm v 1.24 (0.29) mm for PTCA,
p = ns). Furthermore, there was no diVerence
in the angiographic restenosis rate (19% v 16%
for PTCA, p = ns) and event free survival
(81% v 83% for PTCA, p = ns). The percent-
age of patients in whom an optimal result can
be achieved with balloon angioplasty alone is
not known from controlled studies, but prob-
ably is around 30–50%.

Coronary artery stents
Coronary artery stents have become an impor-
tant adjunct to conventional balloon angio-
plasty owing to their dual function of reducing
acute complications and the long term risk of
restenosis.4 w16–18 Various classification schemes
of coronary artery stents have been put
forward, including: type of delivery system (self
expanding, balloon expandable); type of basic
structure (mesh, slotted tube, coil, ring, and
multidesign); and composition (stainless steel,
tantalum, nitinol). More recently additional
stent designs, including bifurcation and side
branch stents, covered, coated, and radioactive
stents, have been introduced. According to
their design, coating, and composition stents
diVer with respect to radial force, flexibility,
profile, trackability, radio-opacity, biocompat-
ibility, thrombogenicity, and risk of in-stent
restenosis. However, the basic principle under-
lying the therapeutic value of stents are
independent of their design: increasing the
arterial lumen by scoVolding the vessel wall;
tagging of the intimal flaps between the stent
surface and the vessel wall; and sealing of
dissections.

Coronary artery stenting has been shown to
be successful in > 95% of patients undergoing
elective stent implantation in native vessels
(single vessel and multivessel stenting) and
saphenous vein grafts, and in > 90% of patients
undergoing bailout stenting or stenting in the
setting of acute MI.3 Stenting has proved useful
for two applications: (1) as a bailout device,
reducing acute ischaemic complications of
PTCA; and (2) as an anti-restenosis device
reducing the need for reinterventions in the
long term. Threatened or abrupt vessel closure
is the best indication for coronary artery stent-
ing, with a dramatic reduction in the immedi-
ate need for emergency CABG currently to
< 1%, and an improved angiographic outcome
with less residual stenosis and increased resto-
ration of TIMI III flow. The impact on death
and MI during bailout stenting is less well
established.

Elective coronary artery stenting has been
compared with balloon angioplasty in several
randomised trials, and proved eYcacious in:
(1) prevention of restenosis in native coronary
arteries with a diameter > 3.0 mm (BENEST-
ENT I and II, STRESS I and II),5 6 w19

especially in the case of isolated stenosis of the

left anterior descending coronary arteryw20; (2)
treatment of restenosis after initial balloon
angioplastyw21; (3) de novo lesions in saphenous
vein graftsw22; (4) acute MIw23; and (5) chronic
total occlusion.w24–26 In the BENESTENT I
and STRESS I and II trials patients with

Figure 2: Schematic diagram of the primary mechanisms of balloon angioplasty
and coronary artery stenting.

Figure 3: Flow diagram illustrating the concept of
provisional stenting with random patient numbers.
The use of coronary artery stents on a provisional
basis is associated with an excellent long term
outcome and a low restenosis rate at minimised cost.
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discrete de novo lesions in vessels > 3.0 mm
diameter were randomised to undergo balloon
angioplasty or stent implantation using the
Palmaz-Schatz stent. Both studies showed that
stents resulted in: (1) higher clinical success
rate (STRESS 99% v 96% for PTCA,
p = 0.04); (2) reduced angiographic restenosis
rate at six months (STRESS 30% v 46% for
PTCA, p < 0.01; BENESTENT 22% v 32%
for PTCA, p = 0.02); (3) reduced target lesion
revascularisation rate (STRESS 10% v 15% for
PTCA, p = 0.06; BENESTENT 14% v 23%
for PTCA, p < 0.01); and (4) reduced clinical
event rate at one year (BENESTENT 23% v
32% for PTCA, p = 0.04; STRESS 18% v
27% for PTCA, p < 0.01).5 6

Since its introduction stent implantation
posed a risk for subacute stent thrombosis with
its associated sequelae of MI and death. Two
recent modifications have substantially re-
duced the incidence of subacute stent throm-
bosis: optimised stent deployment and full
stent expansion with circumferential apposi-
tion to the vessel wall using routine high pres-
sure (> 10–14 atm) stent inflation;w27 and dual
antiplatelet treatment with aspirin and ticlopi-
dine or clopidogrel.w28 Intravascular ultrasound
assessment of coronary stent placement has
not been conclusively shown to improve
outcome and is largely omitted in clinical prac-
tice. Adoption of these principles led to current
subacute stent thrombosis rates of < 2% under
elective conditions (table 1), and a decrease in
bleeding and vascular access site complications
and length of hospitalisation to the same level
as with conventional PTCA.

Although coronary artery stents serve as
antirestenosis devices and reduce target vessel
revascularisation requirements compared with
balloon angioplasty, they can themselves
become a source of in-stent restenosis in
20–30% of cases. While stents counteract
pathologic arterial shrinkage of the vessel wall,
they may fail to prevent neointimal prolifera-

tion, which culminates in in-stent restenosis.
Recently, Bauters and colleagues, studying 103
consecutive patients, reported a 98% proce-
dural success rate with repeat PCI (versus 85%
for PTCA) for treatment of in-stent restenosis,
and 22% angiographic restenosis and 17% tar-
get lesion revascularisation rate at six months’
follow up.w29 However, diVuse in-stent resteno-
sis was associated with significantly higher
restenosis rates compared with focal in-stent
restenosis (42% for diVuse versus 14% for
focal, p < 0.006).

In contrast to PTCA or other devices such as
atherectomy or laser angioplasty, coronary
artery stenting requires deployment of a
permanent prosthesis and therefore requires
long term evaluation with respect to potential
metal fatigue, stent migration, and inflamma-
tory responses.w30 Serial clinical and angio-
graphic follow up over a three year period in
143 patients implanted with a Palmaz-Schatz
stent revealed a favourable outcome with
respect to death (9% at three years), MI (6% at
three years), and target lesion revascularisation

Table 1 Coronary artery stents as antirestenosis devices—evidence from randomised trials and improved clinical outcome
with changes in antithrombotic adjunctive treatment

STRESS BENESTENT I BENESTENT II EPISTENT

Stent
(n=205)

PTCA
(n=202)

Stent
(n=259)

PTCA
(n=257)

Stent +
heparin
coating
(n=413)

PTCA
(n=410)

Stent +
abciximab
(n=794)

Stent +
placebo
(n=809)

End points % of patients
Early events (< 30 days)
Success 99.5 96.5* – – 96 95 – –
Stent thrombosis 3.5 2.7 3.4 1.5 0.2 1.7 0 0.7
Death 0 1.5 0 0 0 0.2 0.3 0.6
MI 5.4 5.0 3.5 3.1 2.7 3.2 4.4 9.4
CABG 2.4 4.0 3.1 1.5 0.7 0.5 0.8 1.2
Vascular access site

complications 7.3 4.0 13.5 3.1* 1.2 1.0 1.5† 2.2†
Hospital stay 5.8 2.8* 8.5 3.1* 2.8 2.3 – –
Events up to 6 months
Death 1.5 1.5 0.4 0.8 0.2 0.5 0.5 1.2
MI 6.3 6.9 4.3 4.7 3.2 3.6 5.2 10.3*
CABG 4.9 8.4 6.2 4.3 1.5 1.5 4.6 4.3
PCI 11.2 12.4 13.5 23.3* 8 13.7 7.5 9.3
Restenosis 31.6 42.1* 22 32* 16 31* – –
TVR 10.2 15.4 13.5 23* 9.2 13.8 8.7 10.6
Events up to 1 year
Death – – 1.2 0.8 1.0 1.0 2.4 1.0*
MI – – 5.4 5.1 3.4 4.4 – –
CABG – – 8.1 5.8 1.9 1.5 – –
PCI – – 17.8 26.8* 9.4 15.6* – –

*p < 0.05; †defined as major bleeding (minor bleeding episodes were 2.9% for stent + abciximab and 1.7 for stent + placebo).

Figure 4: Serial changes in mean (SD) minimal
luminal diameter of 72 lesions (blue circles) for which
sequential studies over a three year period were
completed, compared with a reference diameter (red
circles). Note the significant improvement in mean
minimal luminal diameter during the period from one
year to three years after implantation of the stent;
p < 0.001 for the comparison between the points
linked by brackets. Reproduced from Kimura T et al15

with permission of the Massachusetts Medical
Society.
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(17% at three years).7 Beside the expected ini-
tial loss of gain at six months of follow up owing
to intimal proliferation, a late improvement in
luminal diameter of the stented coronary artery
segments at three years was observed, suggest-
ing that restenosis was in fact prevented and
not simply delayed after coronary stenting and
indicating long term stabilisation of the lesion
(fig 4).

Directional atherectomy
The principle of directional atherectomy
(DCA) is removal of the atherosclerotic plaque
by a rotating blade.2 The DCA catheter
consists of a soft tapered nose cone which
serves as a waste basket for ablated tissue, a
cylindrical metal housing which contains a
coaxial rotating cup shaped blade, and a long
flexible shaft for delivery. The metal housing
has a window measuring between 9–16 mm on
one side and a non-compliant balloon on the
opposite side. Once the open window is
positioned within the stenosis, the eccentrically
positioned balloon is inflated at 2–3 atm for
protrusion of the plaque into the cutting
chamber. The cutter is connected via a drive
cable to a motor outside the patient and rotates
at approximately 2000 rpm. By advancing the
cutter the plaque material is shaved oV and
deposited within the nose cone. The balloon is
then deflated and the window of the metal
housing reoriented by slight rotation; the
cutting process is repeated several times to
achieve circumferential tissue ablation. Many
patients require adjunctive balloon angioplasty
for a satisfactory angiographic result.

Complications associated with DCA are side
branch occlusion (1–8%), perforation (1%),
coronary vasospasm (2%), abrupt vessel clo-
sure (1–8%), and distal embolisation (0–13%).
DCA has been compared with PTCA in four
multicentre randomised trials in native vessels
(CCAT, CAVEAT-I, BOAT)w31–33 as well as
saphenous vein grafts (CAVEAT II),w34 and
resulted in better immediate luminal gain and
higher procedural success at similar major
complication rates. However, the immediate
angiographic success failed to translate into
improved clinical outcome. While the BOAT
trial was the only study to demonstrate a
significant reduction in angiographic restenosis
rate,w33 the need for target lesion revascularisa-
tion and event free survival at six months and
one year were similar between DCA and
PTCA in all studies. Disconcertingly, patients
in the CAVEAT trial treated by DCA were
found to have higher rates of release of
creatinine kinase CK-MB after the procedure
(19% v 8% for PTCA), a higher one year mor-
tality rate (2.2% v 0.6% for PTCA, p < 0.05),
and a higher incidence of MI (7.6% v 4.4% for
PTCA; p < 0.01).w32 Developed initially to
reduce restenosis and to treat high grade
lesions in the proximal coronary artery tree,
DCA has been superceded by the more
eVective and easier to use coronary artery
stent. Owing to DCA’s unique feature of actu-
ally removing plaque material, its only indica-
tion may be the complex bifurcation lesion

with plaque shifting not suited for stent
implantation.

Rotational atherectomy
Rotational atherectomy is based on the concept
of debulking an atherosclerotic plaque by
drilling.2 The rotablator catheter consists of an
elliptical burr coated with 20–50 µm diamond
microparticles welded to a metal drive shaft
which tracks along a central coaxial 0.009 inch
guidewire. The drive shaft is connected to an
air turbine which generates between 160 000
and 200 000 rpm. The operator controls the
speed of rotation and advancement through the
atherosclerotic plaque. Multiple passes of the
rotablator are typically done with an initial
burr-to-artery ratio of 0.5–0.6:1.0 followed by
a second larger burr with a 0.75–0.8:1.0 burr-
to-artery ratio. Since typically the burr size is
only 80% of the vessel reference diameter the
residual stenosis is usually treated with adjunc-
tive PTCA. Rotational atherectomy by means
of its high speed spinning burr features
diVerential cutting. While the healthy, elastic
arterial wall deflects beneath the spinning burr,
hard, calcified and non-elastic atherosclerotic
plaque should be selectively ablated. The size
of the microparticles generated during rota-
tional atherectomy is usually < 5 µm and the
amount of microparticles is too small to result
in impairment of blood flow.w35 Complications
intrinsic to the rotablator are a potential for
heat injury, “slow or no reflow” owing to
embolisation of large microparticles or micro-
cavitation bubbles (1.8–6.1%),w36 w37 large
dissections (10–13%),w38 and perforation
(0–1.5%).

Acute procedural success has been high
(90–99%) even in high risk lesions. Rotablation
proved superior to PTCA (procedural success
89% v 80% for PTCA, p < 0.05; MACE 3.2%
v 3.1%, p = ns) in the ERBAC trial,8 a
randomised comparison of rotablation and
PTCA in complex lesions (American Heart
Association/American College of Cardiology
type B and C). However, rotablation failed to
improve six month angiographic restenosis
rates (57% v 47% for PTCA, p = 0.14), and
both target lesion revascularisation (42% v
32% for PTCA, p = 0.013) and ischaemic

Table 2 Results of the ERBAC trial, a randomised
comparison between balloon angioplasty, rotational
atherectomy, and excimer laser angioplasty

PTCA ELCA PTRA

Early complications (%) n=222 n=232 n=231
Death 0.9 0.9 0.9
CABG 0.5 2.2 0.9
MI 3.5 3.9 3.5
Q wave MI 1.8 1.3 1.3
Non-Q wave MI 1.7 2.6 2.2
Bailout stenting 3.6 3.0 1.7
Non-surgical reintervention 3.6 3.0 1.7

Results at one year follow up (%) n=191 n=211 n=205
Death 3.7 1.9 2.4
Q wave MI 2.6 2.4 2.4
CABG 6.3 7.1 7.3
Non-surgical reintervention 27.2 40.3* 36.6*
Target vessel revascularisation 31.9 46.0* 42.4*
Any event 36.6 47.9* 45.9*

ELCA, excimer laser coronary angioplasty; PTRA, percuta-
neous transluminal rotational atherectomy *p < 0.05
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complications (46% v 37% for PTCA,
p = 0.04) were more frequent in patients
undergoing rotablation (table 2). Rotational
atherectomy may still be of value in the
treatment of heavily calcified, non-dilatable
lesions. However, in long, calcified lesions the
advantage of rotational atherectomy levels oV
and comes at a price of increased complica-
tions.

Contraindications for the use of rotational
atherectomy are thrombus containing lesions,
degenerated saphenous vein grafts, and lesions
> 25 mm.

Laser angioplasty
Excimer laser coronary angioplasty (ELCA) is
the most thoroughly investigated laser technol-
ogy applied to coronary interventions. It uses a
high intensity, short duration (100–200 ns)
pulsed wave ultraviolet light (308 nm) gener-
ated in a xenon chloride medium with a
penetration depth of 100 µm.w39 The ultraviolet
light is transmitted via a fibreoptic bundle
arranged around the central lumen of a
polyethylene catheter which is available as an
over the wire or Monorail system. The laser
catheter is advanced over the coronary
guidewire to the lesion, and laser energy is
applied as the catheter is advanced through the
plaque. Excimer laser energy ablates tissue by a
combination of three mechanismsw40: (1) pho-
tomechanical energy resulting in acoustic
shockwaves as the principal modus of luminal
gain w41–43; (2) photothermal energy which
vapourises tissuew44 w45; and (3) photochemical
energy which is able to break directly the
intramolecular bonds.w46 To achieve an optimal
final result adjunctive balloon angioplasty is
required in almost all cases (> 95%).

ELCA has been compared with PTCA in the
ERBAC trial.8 There was no diVerence be-
tween PTCA and laser angioplasty with respect
to procedural success (77% v 80% for PTCA,
p = ns) and major in-hospital complications
(4.3% v 3.1% for PTCA, p = ns). However, at
six months’ follow up the angiographic rest-
enosis rate (59% v 47% for PTCA, p = 0.04),
target lesion revascularisation rate (46% v 32%
for PTCA, p = 0.01), and late ischaemic events
(48% v 37% for PTCA, p = 0.02) were signifi-
cantly more frequent in patients treated with
laser angioplasty (table 2).

Complications associated with excimer laser
angioplasty are perforations (1–3%) and a high
incidence of dissections (13–21%) caused by
the formation of intravascular vapour bubbles.
The only indication where laser angioplasty
may prove of some value is for revascularisation
of chronic total occlusions with a laser
guidewire. In the randomised TOTAL trial the
excimer laser wire increased the initial success
rate from around 50% to 60%.w47 However, this
eVect was largely confined to crossover cases,
and conventional guidewires but not specific
recanalisation systems or newer generation
hydrophilic wires were assessed.

Adjunctive pharmacologic treatment

The therapeutic eVect of arterial vessel en-
largement through PCI is accompanied by
various degrees of arterial injury with exposure
of thrombogenic components. Depending on
the degree of activation of the coagulation cas-
cade, as well as platelet adhesion and aggrega-
tion, this may result in intracoronary thrombus
formation and subsequent ischaemic sequelae.
Therefore, inhibition of platelets and the
coagulation system has always been central to
interventional investigations.

Anticoagulants during PCI
Heparin
Unfractionated heparin is a glycosaminoglycan
mixture composed of variable length polysac-
charides with molecular weights ranging from
3000 to 50 000 daltons.w48 Heparin exerts its
anticoagulant eVect by formation of the
heparin-antithrombin III complex, which in-
hibits thrombin and activated factors IX, X,
XI, and XII. Although there is general
agreement that patients undergoing PCI
should receive heparin before the intervention,
controversy surrounds the issue of optimal
heparin dosage and the need for prolonged
heparin infusion following PCI. Narins and
colleagues observed an inverse relation be-
tween the level of anticoagulation (measured
by activated clotting time (ACT)) and the
occurrence of acute ischaemic complica-
tions,w49 and the recommended adequate
threshold for anticoagulation is arbitrarily set at
an ACT of > 300 seconds. This contrasts with
several randomised and open prospective stud-
ies which established data on the safety and
eYcacy of routine low dose heparin (5000 IE)
in patients undergoing PCI independent of the
level of ACT,w50–52 and failed to demonstrate an
additional benefit of continuous heparin infu-
sion after PCI in low risk patients.w51 w53

Without increasing the risk for ischaemic com-
plications, the approach of routine low dose
heparin during PCI oVers the advantages of a
lower incidence of bleeding complications,
faster sheath removal, and shorter hospitalisa-
tion. In addition it does not preclude the
administration of unplanned, adjunctive glyco-
protein IIb/IIIa receptor inhibitors, which
would be preferable in case of ischaemic
complications.

Low molecular weight heparins, obtained by
chemical or enzymatic depolymerisation of the
polysaccharide chains of unfractionated
heparin, have a better bioavailability, result in
more reproducible anticoagulation without
need of monitoring, and induce less platelet
activation compared with unfractionated
heparins.w54 The REDUCE trial, a restenosis
study, randomly compared intravenous admin-
istration of the low molecular weight heparin
reviparin with unfractionated heparin during
PCI and revealed a significant reduction in
early major ischaemic events (first three days)
in favour of reviparin (reviparin 4% v heparin
8%, p = 0.03), but no long term clinical or
angiographic benefit at six months of follow

Education in Heart

485

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.83.4.481 on 1 A

pril 2000. D
ow

nloaded from
 

http://heart.bmj.com/


up.w55 The role of low molecular weight
heparins in the prevention of bleeding and
ischaemic complications during PTCA and
coronary stenting is currently under investiga-
tion, and these agents may replace unfraction-
ated heparin as they have for other indications.

Direct thrombin inhibitors
In contrast to heparin direct thrombin inhibi-
tors such as hirudin, hirulog, argatroban, and
others do not require antithrombin III as a
cofactor, and inhibit both circulating and clot
bound thrombin. Three randomised trials with
over 6700 patients compared the eYcacy of
unfractionated heparin with hirudin (HEL-
VETICA, GUSTO IIb)w56 w57 and hirulog
(Hirulog angioplasty study)w58 during PCI.
Patients receiving direct thrombin inhibitors
had a lower incidence of bleeding complica-
tions; however, the therapeutic benefit was
modest at best with a reduction in ischaemic
complications limited to subgroups and acute
events only. In light of these results and the
availability of more potent glycoprotein IIb/IIIa
receptor antagonists, the role of direct
thrombin inhibitors will probably be reserved
for patients with adverse reactions to heparin,
for example, heparin induced thrombocyto-
penia.

Vitamin K antagonists
Coumarin derivatives were administered in
conjunction with full dose heparin, aspirin, and
dipyridamole as thromboprophylaxis early in
the coronary stent era. However, subsequent
clinical trials established the superiority of a
dual antiplatelet treatment over oral anticoagu-
lants in preventing both cardiac events and
bleeding complications after coronary artery
stenting.9 w28 w59 w60 This clinical benefit, coupled
with the salutary eVects of shorter hospitalisa-
tion time, reduced cost, and simplification of
the pharmacological regimen, no longer sup-
port the use of oral anticoagulants after stent
implantation.

Antiplatelet agents during PCI
Aspirin
The beneficial eVect of aspirin during PCI has
been shown in the Montreal heart study, in
which treatment with aspirin and dipyridamole
was superior to placebo in the prevention of
periprocedural Q wave MI (aspirin and dipyri-
damole 2% v placebo 7%, p = 0.01).w61 Dipyri-
damole has not been found to provide an addi-
tional benefit over aspirin alone in subsequent
studies.w62 Low dose aspirin (75–325 mg per
day) is recommended in patients undergoing
PCI, ideally administered at least one day
before the procedure and continued indefi-
nitely thereafter.

Thienopyridines
Ticlopidine and clopidogrel are thienopyridine
derivatives which inhibit platelet function
independent of aspirin by interference with the
platelet ADP receptor.w63 The interest in dual
antiplatelet treatment with aspirin and ticlopi-
dine in patients undergoing coronary stent
implantation stemmed from the pathophysi-

ological understanding that stent thrombosis
was predominantly mediated by platelets
rather than abnormalities of coagulation acti-
vation.w64 Furthermore, intensive anticoagula-
tion after stent placement was complicated by
excessive vascular access site problems, pro-
longed hospitalisation, and increased cost, seri-
ously limiting the benefits of coronary artery
stents. Several randomised clinical trials as-
sessed the eYcacy of dual antiplatelet treat-
ment with aspirin and ticlopidine compared
with aspirin alone and aspirin-anticoagulant
treatment after coronary stent implantation in
low (STARS),9 intermediate (ISAR, FANTAS-
TIC),w60 w65 and high risk (MATTIS)w59 patient
populations (fig 5). These trials showed that:
(1) dual antiplatelet treatment with aspirin and
ticlopidine is superior to both aspirin mono-
therapy and a combination of aspirin and oral
anticoagulation in the prevention of stent
thrombosis; (2) rates of bleeding and vascular
complications are less frequent; and (3) hospi-
talisation duration is shorter with antiplatetet
compared with anticoagulant treatment.

Moussa and colleaguesw66 recently compared
the safety and eYcacy of ticlopidine with clopi-
dogrel in a longitudinal uncontrolled study,
and found no diVerence in rates of stent

Figure 5: Summary of results of four randomised coronary artery stent
thromboprophylaxis trials. Dual antiplatelet treatment with aspirin and ticlopidine
was superior to oral anticoagulation and aspirin treatment in the prevention of
major adverse cardiac events in all trials. In the STARS trial dual antiplatelet
treatment was superior to aspirin alone.

Figure 6: Odds ratio and confidence interval (CI) concerning death, MI, or
additional coronary revascularisation at 30 days with glycoprotein IIb/IIIa receptor
antagonists compared with placebo. Reproduced with permission from Meier B.
Balloon angioplasty. In: Topol EJ, ed. Comprehensive cardiovascular medicine.
Philadelphia: Lippincott-Raven, 1998:2251–84.
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thrombosis or major adverse cardiac events at
one month follow up. In the CLASSICS trial
clopidogrel with and without a loading dose
was compared with ticlopidine in patients
undergoing coronary stenting. The findings of
the study at 28 days of follow up were: (1) a
superior safety profile of clopidogrel with a sig-
nificantly reduced combined end point of
major bleeding complications, neutropenia,
and thrombocytopenia (ticlopidine 9% v clopi-
dogrel 5%, p = 0.005); (2) a well tolerated
loading dose of clopidogrel without increased
bleeding complications; and (3) a comparable
eYcacy with respect to major adverse cardiac
events. Therefore, it is anticipated that clopi-
dogrel will replace ticlopidine as the thieno-
pyridine of choice.

Glycoprotein IIb/IIIa inhibitors
While platelets may be activated by numerous
agonists, platelet aggregation, the prerequisite
for thrombus formation, has one final common
pathway mediated by the platelet glycoprotein
IIb/IIIa receptor, a member of the integrin fam-
ily. Therefore, inhibition of the glycoprotein IIb/
IIIa receptor appealed as the therapeutic target
in the prevention of largely platelet mediated
ischaemic complications during PCI. Several
randomised trials have assessed the role of

glycoprotein IIb/IIIa receptor antagonists dur-
ing coronary interventions, including the mono-
clonal antibody abciximab (EPIC, EPILOG,
EPISTENT, CAPTURE, RAPPORT),10 w67–70

the peptide molecule eptifibatide (IMPACT
II),w71 and the non-peptide molecule tirofiban
(RESTORE)w72 in over 15 000 patients with
clinical presentations ranging from stable coron-
ary artery disease to unstable angina pectoris
and acute MI. All trials consistently demon-
strated benefits in the reduction of early death,
non-fatal MI, and urgent revascularisation (fig
6).11 While this eVect was maintained in patients
receiving abciximab during long term follow up,
the benefits have not been durable with tirofiban
and eptifibatide. Specifically, abciximab is the
only glycoprotein IIb/IIIa receptor antagonist
reported to reduce mortality significantly in a
subgroup of patients in the EPIC trial admitted
with an acute coronary syndrome (three year
mortality reduction 60%, p = 0.01),w73 and
more recently in the EPISTENT trial (one year
mortality reduction of 50%, p = 0.04).12 In
summary glycoprotein IIb/IIIa receptor antago-
nists administered during PCI appear to: (1)
reduce the incidence of death or non-fatal MI
complicating PCI (in case of abciximab); (2)
reduce the need for bailout stenting during PCI;
(3) provide benefit in all patient subgroups, and
(4) do not result in excessive bleeding complica-
tions if weight adjusted lower doses of heparin
are adhered to.

Indications for PCI in chronic coronary
artery disease

The indications for PCI have expanded during
the past two decades, and no absolute contrain-
dications remain (table 3). Single vessel coron-
ary artery disease (CAD) remains the principal
indication for PCI, with over 80%w74 of proce-
dures performed in Europe and over 90% in
the USA. This exponential growth of PCI has
been largely at the expense of medical treat-
ment rather than surgical revascularisation.
Beside clinical and angiographic factors, opera-
tor volume has been recognised as a major
determinant of outcome in several recent
studies.w75–78 There is no upper patient age limit
to the applicability of PCI; however, the
threshold is shifted in favour of PCI compared
with CABG in the very elderly owing to the
higher perioperative morbidity and mortality in

Table 3 Indications and contraindications for PCI

Clinical indications Angiographic indications

Angina pectoris 1–4 lesions amenable to PCI
–de novo angina pectoris –not immediately life threatening
–stable angina pectoris –vessel diameter >2.5 mm
–unstable angina pectoris
–recurrent angina pectoris
–after PCI (restenosis)
–after CABG (graft attrition)

–lesion(s) subtending function, viable,
or collateral dependent myocardium

Angiographic contraindications (relative)
Left main stenosis (exceptions: protected

Angina equivalent
–arrhythmias, sudden death survivors
–dyspnoea
–dizziness

by graft or collaterals, ideal lesion,
inoperable patient\)

Left main equivalent stenoses
(exceptions: staged procedure, ideal
lesions, inoperable patient)

Lesion characteristics
Chronic total occusion

–no collaterals to distal artery
–long and old
–no stump
–extensive bridging collaterals

Thrombotic stenosis with
non-significant underlying lesions

DiVusely diseased, small calibre native
coronary artery

DiVusely diseased old venous vein graft

Myocardial infarction
–acute myocardial infarction (primary PCI)
–postinfarct angina pectoris
–rescue PTCA (failed thrombolysis, cardiogenic

shock)

Objective signs of reversible ischaemia
–resting ECG
–exercise induced ischaemia

Clinical contraindications
–rapidly terminal cardiac or other systemic

disease

Table 4 Randomised comparison of medical treatment with PCI in patients with stable CAD

ACME (6 months follow up) RITA-2 (32 months follow up) AVERT (18 months follow up)

Medical treatment
(antianginals)
(n=107)

PCI
(PTCA)
(n=105)

Medical treatment
(antianginals)
(n=514)

PCI
(PTCA)
(n=504)

Medical treatment
(atorvastatin)
(n=164)

PCI (PTCA,
stent)
(n=177)

End points % of patients
Death 0.9 0 1.4 2.2 0.6 0.6
MI 2.8 4.8 1.9 4.1 2.4 2.8
Death or MI 3.7 4.8 3.3 6.3† 3.0 3.4
Angina

Free 53.9 36.5** – – – –
Improved – – – –‡ 41 54*

CABG 0 7** 5.8 7.9 1.2 5.1
PTCA 9 16 17.1 11.1 11.0 11.9
Repeat hospitalisation – – – – 6.7 14.1

*p < 0.05; †p < 0.02; **p < 0.01; ‡17% excess of grade 2+ angina in the medical group 3 months after randomisation.

Education in Heart

487

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.83.4.481 on 1 A

pril 2000. D
ow

nloaded from
 

http://heart.bmj.com/


this patient population. Initial concerns of a sex
diVerence in the outcome of PCI with women,
felt to be at higher risk for acute ischaemic
complications, did not find confirmation in
more recent registries and clinical trials. While
acute thrombotic coronary occlusion, even of
the left main stem, represents no major hurdle
for performing PCI, chronic total occlusion is
the single most important reason not to
attempt PCI. The following comparison of PCI
with alternative treatments is limited to pa-
tients with chronic coronary artery disease.

PCI versus medical treatment
PCI has been compared with medical treat-
ment in patients with CAD in several ran-
domised clinical trials (table 4). In the ACME
trial13 involving patients with symptomatic sin-
gle vessel CAD, the group allocated to PTCA
had earlier and more complete relief of angina
and better exercise performance during follow
up. However, patients undergoing PTCA had
an increased risk of undergoing emergency
CABG because of procedural complications,
although there were no diVerences with respect
to death and infarction. Similar findings were
reported in the RITA-2 trial14 comparing
PTCA with medical treatment in symptomatic
patients with single and double vessel disease.
Patients undergoing PTCA featured greater
relief of angina and better exercise perform-
ance at an increased risk of death and MI (6%
PTCA group v 3% medically treated group,
p = 0.02), largely because of enzyme elevations
at the time of the procedure.

In the recently reported AVERT trial a strat-
egy of aggressive lipid lowering treatment with
atorvastatin was compared with PCI in mini-
mally symptomatic (Canadian Cardiovascular
Society class I–II), mostly single vessel CAD
patients.w79 There was a non-significant trend
towards a reduction in the composite end point
of death, MI, revascularisation, and worsening
angina in patients allocated to atorvastatin
(13% atorvastatin group v 21% PCI group,
p = ns), but the diVerences in favour of atorv-
astatin treatment were exclusively limited to a
decreased revascularisation and rehospitalisa-
tion rate. As in previous trials patients under-
going PCI in AVERT had significantly im-
proved symptoms compared with medically
treated patients, and one wonders why the
interventionally treated patients had adequate
cholesterol control withheld despite estab-

lished evidence of their beneficial eVect in sec-
ondary prevention. All the above studies com-
paring PCI with medical treatment do not
reflect current practice of interventional cardi-
ology with widespread utilisation of coronary
stents and glycoprotein IIb/IIIa inhibitors,
which contributed significantly to a decrease in
major adverse cardiac events and target vessel
revascularisation. In summary, PTCA eVec-
tively relieves symptoms and improves exercise
performance at the cost of a small incidence of
MI and a need for reinterventions because of
restenosis in patients with single vessel CAD.

PCI versus bypass surgery
PTCA has been compared with left internal
mammary artery (LIMA) grafting in 134
patients with isolated proximal left anterior
descending artery (LAD) stenosis in the
randomised Lausanne study (table 5).w80 At five
years of follow up there were no diVerences
between patients allocated to PTCA and
LIMA grafting with respect to death, Q wave
MI, functional status, and antianginal drug
treatment. However, patients allocated to
PTCA had more frequent non-Q wave infarc-
tion related to abrupt closure or unstable

Table 5 Randomised comparison of CABG with PCI

Lausanne (proximal LAD,
follow up 5 years)

SIMA (proximal LAD,
follow up 2.4 years)

BARI (multivessel CAD
follow up 5 years)

ARTS (multivessel CAD
follow up 1 year)

CABG
(n=66)

PTCA
(n=68)

CABG
(n=54)

Stent
(n=67)

CABG
(n=914)

PTCA
(n=915)

CABG
(n=605)

Stent
(n=600)

End points % of patients
Death 3 9 – – 10.7 13.7 2.8 2.5
Q wave MI 6 3 – – – – 4.0 5.3
Death or MI 9 12 7 7 19.6 22.3 6.8 7.8
CABG 0 5 – – 1 31 0.5 4.7
PCI 9 33 – – 7 23 3 12.2
CABG or PTCA 9 38* 0 21.0* 8.0 54.0* 3.5* 17.0*

*p < 0.05.
There are no diVerences in death or myocardial infarction between patients undergoing PCI compared with CABG. Patients undergoing PCI have to undergo signifi-
cantly more often a second revascularisation procedure than their surgical counterparts. Note the decrease in repeat revascularisation between patients undergoing
only PTCA (Lausanne study, BARI) compared with coronary artery stenting (SIMA, ARTS) by approximately one half.

Figure 7: (A) Risk ratio and 95% confidence intervals for death or MI after CABG
or PTCA for multivessel CAD at one, three, and five years in six randomised
trials. (B) Risk ratio and 95% confidence intervals for reintervention after an initial
strategy of CABG or PTCA for multivessel CAD at one year of follow up in six
randomised trials. Reproduced with permission from Meier B. Balloon angioplasty.
In: Topol EJ, ed. Comprehensive cardiovascular medicine. Philadelphia:
Lippincott-Raven, 1998:2251–84.
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angina related to restenosis, and required addi-
tional revascularisation procedures more often
compared with surgically revascularised pa-
tients. The same investigators initiated a
randomised trial in 123 patients with isolated
proximal LAD stenosis comparing coronary
stenting with LIMA grafting. There were no
diVerences in the incidence of in-hospital death
and MI, with low rates in both groups. During
follow up the combined end point of death and
MI was equal; however, 21% of stented
patients required additional revascularisation
compared with no patients in the surgical
group.

Several randomised trials compared PTCA
with CABG in patients with multivessel
CAD.15 16 w81–85 The results of these trials have
been remarkably consistent (fig 7) and revealed
that an initial strategy of PTCA and CABG in
selected patients with multivessel CAD results

in: (1) similar survival and freedom from MI
1–7 years after the procedure; (2) a better relief
of angina in CABG patients at least during the
first year after the intervention; (3) an in-
creased need for further coronary interventions
in patients allocated to PTCA mostly during
the first year after the intervention; and (4)
similar long term costs during a follow up
period of 5–8 years. An important issue raised
in the BARI trial56 was that the subgroup of
treated diabetic patients had significantly
better survival rates with CABG (66% PTCA v
81% CABG, p = 0.003).

The advent of coronary stents has signifi-
cantly reduced the need for target lesion revas-
cularisation and therefore trials have been
initiated comparing stent supported PTCA
with CABG in patients with multivessel CAD
(ARTS, SOS, ERACI-II). The one year follow
up results of ARTS have recently been reported
(P Serruys, European Society of Cardiology,
Barcelona, 1999) and revealed: (1) a similar
incidence of death, MI and stroke; (2) an
increased need for additional revascularisation
procedures in patients initially treated by
coronary stenting, and (3) a cost saving of 4278
Euros during the initial hospitalisation and of
2965 Euros at one year follow up in favour of
coronary stenting. The most important finding
of ARTS is the reduction by more than half in
the need for additional revascularisation proce-
dures in patients undergoing coronary stenting
(17%) as compared with the previous PTCA/
CABG trials featuring revascularisation rates
of 30–40% at one year follow up, confirming
the hypothesis that stents improve long term
outcome (table 5). An even further improve-
ment of PCI can be predicted by the addition
of glycoprotein IIb/IIIa inhibitors to coronary
stenting as indicated by the complementary
benefit of abciximab and coronary stenting in
the EPISTENT trial12 (table 1). Compared
with coronary stenting alone, the addition of
abciximab resulted in improved survival at one
year follow up (2.4% stent alone v 1.0% stent
plus abciximab, p = 0.04) and an 18% reduc-
tion in target vessel revascularisation (10.6%
stent alone v 8.7% stent plus abciximab,
p = 0.2), which became significant in diabetic
patients (16.6% stent alone v 8.1% stent plus
abciximab, p = 0.02).

In summary, since there are no major diVer-
ences in prognosis between the two treatment
modalities, in non-diabetic patients with multi-
vessel disease and maintained left ventricular
function amenable to both PCI and CABG, the
choice of revascularisation method rests on
weighing the more invasive nature of CABG
against the increased need of additional revas-
cularisation after PCI.
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