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In acute ST-elevation myocardial infarction, specialized catheters
without a balloon are used to aspirate thrombus in order to prevent
embolization down the coronary vessel and to improve blood flow
before angioplasty and stent placement. Some data suggest that manual catheter thrombus aspiration may reduce mortality in addition to
improving blood flow in primary PCI.
PCI of degenerated saphenous vein graft lesions has been associated
with a significant incidence of distal embolization of atherosclerotic
material, unlike PCI of native vessel disease. A number of distal protection devices have been shown to significantly reduce embolization
and myocardial infarction in this setting. Most devices work by using a
collapsible wire filter at the end of a guidewire that is expanded in the
distal vessel before PCI. If atherosclerotic debris is dislodged, the basket captures the material, and at the end of the PCI, the basket is pulled
into a delivery catheter and the debris safely removed from the patient.
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Figure 296e-2 Pathology of acute effects of balloon angioplasty
with intimal dissection and vessel stretching (A) and an example of
neointimal hyperplasia and restenosis showing renarrowing of the vessel (B). (Panel A from M Ueda et al: Eur Heart J 12:937, 1991; with permission. Panel B from CE Essed et al: Br Heart J 49:393, 1983; with permission.)
Drug-eluting stents further enhanced the efficacy of PCI. An
antiproliferative agent is attached to the metal stent by use of a thin
polymer coating. The antiproliferative drug elutes from the stent over
a 1- to 3-month period after implantation. Drug-eluting stents have
been shown to reduce clinical restenosis by 50%, so that in uncomplicated lesions symptomatic restenosis occurs in 5–10% of patients. Not
surprisingly, this led to the rapid acceptance of these devices; currently
80–90% of all stents implanted are drug-eluting. The first-generation
devices were coated with either sirolimus or paclitaxel. Secondgeneration drug-eluting stents use newer agents such as everolimus,
biolimus, and zotarolimus. These second-generation drug-eluting
stents appear to be more effective with fewer complications, such as
early or late stent thrombosis, than the first-generation devices and,
therefore, have replaced the first-generation stents. Biodegradable
polymers that are used to attach the drugs to the stents may be superior to permanent polymers in preventing late stent thrombosis and
are under investigation. In addition, the everolimus-eluting biodegradable vascular scaffold (BVS) stent has been shown to be safe and
effective with gradual degradation over several years with return of
normal vessel function. It is currently approved in Europe. Additional
stents are under investigation. Other interventional devices include
atherectomy devices and thrombectomy catheters. These devices are
designed to remove atherosclerotic plaque or thrombus and are used
in conjunction with balloon dilatation and stent placement. Rotational
atherectomy is the most commonly used adjunctive device and is
modeled after a dentist’s drill, with small round burrs of 1.25–2.5 mm
at the tip of a flexible wire shaft. They are passed over the guidewire
up to the stenosis and drill away atherosclerotic material. Because the
atherosclerotic particles are ≤25 μm, they pass through the coronary
microcirculation and rarely cause problems. The device is particularly
useful in heavily calcified plaques that are resistant to balloon dilatation. Given the current advances in stents, rotational atherectomy is
infrequently used. Directional atherectomy catheters are not used in
the coronaries any longer but are used in peripheral arterial disease.

A successful procedure (angiographic success), defined as a reduction of the stenosis to less than a 20% diameter narrowing, occurs in
95–99% of patients. Lower success rates are seen in patients with tortuous, small, or calcified vessels or chronic total occlusions. Chronic total
occlusions have the lowest success rates (60–70%), and their recanalization is usually not attempted unless the occlusion is recent (within
3 months) or there are favorable anatomic features. Improvements in
equipment and technique have increased the success rates of recanalization of chronic total occlusions.
Serious complications are rare but include a mortality rate of
0.1–0.3% for elective cases, a large myocardial infarction in less than
3%, and stroke in less than 0.1%. Patients who are elderly (>65 years),
undergoing an emergent or urgent procedure, have chronic kidney
disease, present with an ST-segment elevation myocardial infarction (STEMI), or are in shock have significantly higher risk. Scoring
systems can help to estimate the risk of the procedure. Myocardial
infarction during PCI can occur for multiple reasons including an
acute occluding thrombus, severe coronary dissection, embolization
of thrombus or atherosclerotic material, or closure of a side branch
vessel at the site of angioplasty. Most myocardial infarctions are small
and only detected by a rise in the creatine phosphokinase (CPK) or
troponin level after the procedure. Only those with significant enzyme
elevations (more than three to five times the upper limit of normal) are
associated with a less favorable long-term outcome. Coronary stents
have largely prevented coronary dissections due to the scaffolding
effect of the stent.
Metallic stents are also prone to stent thrombosis (1–3%), either
acute (<24 h) or subacute (1–30 days), which can be ameliorated by
greater attention to full initial stent deployment and the use of dual
antiplatelet therapy (DAPT) (aspirin, plus a platelet P2Y12 receptor
blocker [clopidogrel, prasugrel, or ticagrelor]). Late (30 days–1 year)
and very late stent thromboses (>1 year) occur very infrequently
with stents but are slightly more common with first-generation drugeluting stents, necessitating DAPT for up to 1 year or longer. Use of the
second-generation stents is associated with lower rates of late and very
late stent thromboses, and shorter durations of DAPT may be possible.
Premature discontinuation of DAPT, particularly in the first month
after implantation, is associated with a significantly increased risk for
stent thrombosis (three- to ninefold greater). Stent thrombosis results
in death in 10–20% and myocardial infarction in 30–70% of patients.
Elective surgery that requires discontinuation of antiplatelet therapy
after drug-eluting stent implantation should be postponed until after
6 months and preferably after 1 year, if at all possible.
Restenosis, or renarrowing of the dilated coronary stenosis, is the
most common complication of angioplasty and occurs in 20–50% of
patients with balloon angioplasty alone, 10–30% of patients with bare
metal stents, and 5–15% of patients with drug-eluting stents within
the first year. The fact that stent placement provides a larger acute
luminal area than balloon angioplasty alone reduces the incidence
of subsequent restenosis. Drug-eluting stents further reduce restenosis through a reduction in excessive neointimal growth over the
stent. If restenosis does not occur, the long-term outcome is excellent

