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Preface

A comprehensive textbook on interventional car-
diology requires 3 volumes or a DVD. What you
hold in your hand is a glimpse at the current best
practice of some selected aspects of interventional
cardiology.

The book is targeted at a wide spectrum of read-
ers ranging from the accomplished interventional
cardiologist, desirous of looking over the fence or
filling in some of the few remaining dark spots
in his or her knowledge or armamentarium, to
the nurse, technician, or physician assistant active
in interventional cardiology. A cardiologist refer-
ring patients for catheter-based interventions might
want to take a look at what is available, and a car-
diovascular surgeon might want to find out what is
offered to patients before or instead of summoning
surgical help. Finally, industry representatives and
device developers may use it to keep abreast of the
state of the art, remaining shortcomings, and needs
that may yet have to be identified.

Part I is the bread-and-butter section: percuta-
neous interventions for coronary artery disease.
Acute coronary syndromes account for more than
one-third of patients treated with percutaneous
coronary intervention (PCI, introduced under the
name PTCA 32 years ago). Stents are an inte-
gral part of the procedure, at least intentionally.
Globally, 10% to 30% of lesions are still treated
without a stent, but this is usually imposed by cir-
cumstances rather than the primary plan. Drug-
eluting stents are about to supplant the tradi-
tional bare metal stents. Their advantage is small
but relevant enough to render bare metal stents
unattractive, irrespective of the fact that they have
done a superb job so far. As for indications, the
delineation between bypass surgery and PCI has
been concretized by randomized trials. Selected
double-vessel disease and triple-vessel disease in-

cluding the left main have been cleared for PCI,
albeit only in selected cases. A remaining bas-
tion is chronic total occlusion. The books are still
open about how important it is to recanalize it,
what the best stepwise approach is, and how much
time, radiation, and material should be invested
before giving up in favor of medical treatment
or bypass surgery. End-stage coronary artery dis-
ease carries a stigma almost like end-stage cancer.
The respective treatments discussed here are cor-
rectly called palliative. So is revascularization, by
the way.

In Part II, a variety of noncoronary interventions
are discussed, a popular name for them being struc-
tural interventions. The most intriguing example is
percutaneous replacement of the aortic valve. This
is the current phoenix of interventional cardiology
and rightfully so. In a very common disease,
onerous open heart surgery can be replaced by a
catheter intervention, in some cases even under
local anesthesia. In contrast to PCI, which started
to compete with surgery in the easy case, percu-
taneous aortic valve replacement is starting with
the difficult one. The future looks bright, as percu-
taneous aortic valve replacement appears to work
even in these patients. Closure of atrial shunts
preceded PCI by a couple of years. Moreover, it has
the potential to become more common than PCI,
as every fourth person carries a patent foramen
ovale. The medical community is carefully inves-
tigating the true value of these procedures, and
the respective chapters help with that endeavor.
Carotid angioplasty currently involves by default
a stent and a protection device. In contrast to PCI
the differences between surgery and the percuta-
neous procedure are small (no thoracotomy, no
heart-lung machine). Hence a draw in outcome is
not accepted; the percutaneous approach has to be
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better and safer. We are not there yet, but we hope
to be on the right track. Alcohol ablation for hyper-
trophic cardiomyopathy looks back on more than a
decade of clinical use. It has been adopted as a first
approach for most patients with this rather rare
clinical need.

Part 111 is dedicated to interventional approaches
to left ventricular failure. Biventricular pacing ap-
pears to have gained an indelible place for chronic
treatment, whereas percutaneous left ventricular
assist devices usually serve for short periods of time
as bridges to recovery or more definitive treat-
ments. Stem cell therapy is discussed as a glow on
the horizon, although it is not quite clear whether
the sun is rising on it or has already set on it and
we just do not know yet.

Part IV deals with
putting magnetic resonance in the forefront as the
recognized technique of the future. Computed to-
mography and intravascular imaging such as ultra-
sound and optical coherence tomography are also
discussed.

Whether the book is read from cover to cover,
used as a hard-copy thesaurus to thumb through
when a question comes up, or—why not?—utilized
as a picture book to browse through when some
spare time is at hand, the authors truly hope that
the contact with this book will be interesting, re-
warding, and pleasurable.

cardiovascular imaging,

Bernhard Meier
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CHAPTER 1

Acute Coronary Syndromes

Pierre-Frédéric Keller and Marco Roffi

Division of Cardiology, University Hospital of Geneva, Geneva, Switzerland

Chapter Overview

prognosis is similar or even worse.
subgroups.

no additional benefit.

e Acute coronary syndromes (ACS) are the acute manifestation of atherosclerotic coronary artery disease.
Based on different presentations and management, patients are classified into non-ST-segment elevation
ACS (NSTE-ACS) and ST-segment elevation myocardial infarction (STEMI).

e In western countries, NSTE-ACS is more frequent than STEMI.

e Even if the short-term prognosis (30 days) for NSTE-ACS is more favorable than for STEMI, the long-term

e Early invasive strategy is the management of choice in patients with NSTE-ACS, particularly in high-risk
e Primary percutaneous coronary intervention (PCl) is the treatment of choice for STEMI. Facilitated PCl is of

e The reduction of door-to-balloon time in primary PCl is critical for improved outcomes in STEMI patients.

« If fibrinolytic therapy is administered in STEMI, then patients should be routinely transferred for immediate
coronary angiography, and if needed, percutaneous revascularization.

e High-risk ACS patients (eg, elderly patients, those in cardiogenic shock) have the greatest benefit from PCl.

e Antithrombotic therapy in ACS is getting more and more complex. The wide spectrum of antiplatelet agents
and anticoagulants requires a careful weighing of ischemic and bleeding risks in each individual patient.

ST-Segment Elevation
Myocardial Infarction

The term acute coronary syndrome (ACS) has
emerged as useful tool to describe the clinical cor-
relate of acute myocardial ischemia. ST-segment el-
evation (STE) ACS includes patients with typical
and prolonged chest pain and persistent STE on
the ECG. In this setting, patients will almost in-
variably develop a myocardial infarction (MI), cate-
gorized as ST-segment elevation myocardial infarc-
tion (STEMI). The term non-ST-segment (NSTE)
ACS refers to patients with signs or symptoms sug-

Current Best Practice in Interventional Cardiology. Edited by
B Meier. (© 2010 Blackwell Publishing,

gestive of myocardial ischemia in the absence of sig-
nificant and persistent STE on ECG. According to
whether the patient has at presentation, or will de-
velop in the hours following admission, laboratory
evidence of myocardial necrosis or not, the work-
ing diagnosis of NSTE-ACS will be further specified
as NSTE-MI or unstable angina.

Recently, MI was redefined in a consensus doc-
ument [1]. The 99th percentile of the upper refer-
ence limit (URL) of troponin was designated as the
cut-off for the diagnosis. By arbitrary convention, a
percutaneous coronary intervention (PCI)-related
MI and coronary artery bypass grafting (CABG)-
related MI were defined by an increase in cardiac
enzymes more than three and five times the 99th
percentile URL, respectively. The application of this
definition will undoubtedly increase the number of
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events detected in the ACS and the revasculariza-
tion setting. The impact on public health as well as
at the clinical trial level of the new MI definition
cannot be fully foreseen.

The extent of cellular compromise in STEMI is
proportional to the size of the territory supplied by
the affected vessel and to the ischemic length of
time. Therefore a quick and sustained restoration
of normal blood flow in the infarct-related artery
is crucial to salvage myocardium and improve
survival.

Primary PCI Versus

Thrombolytic Therapy

Primary percutaneous coronary intervention be-
came increasingly popular in the early 1990s. Ev-
idence favoring this strategy in comparison with
thrombolytic therapy is substantiated by a meta-
analysis of 23 randomized trials demonstrating that

PrimaryPClI
[l Thrombolytic therapy

PCI more efficaciously reduced mortality, nonfatal
reinfarction, and stroke (Fig. 1.1) [2]. The advan-
tage of primary PCI over thrombolysis was inde-
pendent of the type of thrombolytic agent used,
and was also present for patients who were trans-
ferred from one institution to another for the per-
formance of the procedure. Therefore, primary PCI
is now considered the repertusion therapy of choice
by all the guidelines [3,4]. With respect to bleed-
ing complications, a recent meta-analysis demon-
strated that the incidence of major bleeding compli-
cations was lower in patients treated with primary
PCI than in those undergoing thrombolytic therapy
[2]. In particular intracranial hemorrhage, the most
feared bleeding complication, was encountered in
up to 1% of patients treated with fibrinolytic ther-
apy and in only 0.05% of primary PCI patients. The
algorithm for treatment of patients admitted for a
STEMI is presented in Fig. 1.2 [5].

35 | N=7739
30 -
25 - P <0.0001
<3
=
> 20
§ P <0.0001
g 15 -
& P=0.0002 P <0.0001
= P=0.032
10 - P=0.0003
P=0.0004
5 1 I P <0.0001 J
8 . .
Death Death, Recurr.  Recurr. Total Stroke Hemorrh. MajorBleed Death
no Mi Ischemia Stroke MI
SHOCK CVA
data

Figure 1.1 Short-term clinical outcomes of patients in
23 randomized trials of primary PCI versus thrombolysis.
(Reproduced with permission from [2] Keeley EC, Boura
JA, Grines CL. Primary angioplasty versus intravenous

thrombolytic therapy for acute myocardial infarction: a
quantitative review of 23 randomised trials. Lancet.
2003;361:13-20.)
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STEMI

Within 12 hours after onset of symptoms

N

Patient presenting in a
hospital with PCI

Patient presenting in a
hospital without PCI

Immediate
transfert

Successful

Thrombolysis

Failed

l *PCI < 24 hours not available

| [ PCl <24 hours available

|

[ Predischarge ischemia |

|

Primary PCI I l Ischemia guided PCI ‘

Post thrombolysis PCI | Ijescue PCI

tIf thrombolysis is contraindicated or the patient is at high risk, inmediate transfer should be considered
*Even after successful thrombolysis, adjunctive PCI should be considered

Figure 1.2 Algorithm for revascularization in STEMI
patients with less than 12 hours from symptom onset
according to the 2005 ESC guideline for PCIL.
(Reproduced with permission [5] from Silber S,

Advantages of Primary PCl

More than 90% ol patients treated by primary
PCI achieve normal flow (thrombosis in myocar-
dial infarction [TIMI] grade flow 3) at the end
of the intervention, while only 65% of patients
treated by thrombolytic therapy benefit from this
degree of reperfusion (Table 1.1) [6-8]. In addi-
tion, thrombolyis is characterized by a rapidly de-
creased efficacy after 2 hours of symptom onset
(Fig. 1.3) [9]. There is a close relationship between
the quality of coronary flow obtained after reperfu-
sion therapy and mortality, and the prognosis of pa-
tients in whom flow normalization is not achieved
is similar to that ol patients with persistent ves-
sel occlusion. The classification of TIMI myocar-
dial blush grade allows an estimate of the tissue-
level perfusion (Table 1.1). A critical link between
lower TIMI myocardial blush grade, expression of
a microcirculatory compromise, and mortality has

Albertsson P, Aviles FF, et al. Guidelines for
percutaneous coronary interventions. The Task Force for
Percutaneous Coronary Interventions of the European
Society of Cardiology. Eur Heart J. 2005;26:804—-847.)

been demonstrated in patients with normal epicar-
dial flow following reperfusion therapy [10]. The
improvement of clinical outcomes with primary
PCI versus thrombolysis is also the consequence
of a lower rate of reocclusion (0-6%). Accord-
ingly, with thrombolytic therapy, reocclusion may
occur in over 10% of cases even among patients
presenting within the first 2 hours of symptom
onset.

Mechanical complications of STEMI, such as
acute mitral regurgitation and ventricular septal de-
fect, were reduced by 86% by primary PCI com-
pared with thrombolytic therapy in a meta-analysis
of the GUSTO-1 and PAMI trials [11]. Free wall
rupture was also significantly reduced by primary
PCI [12]. Finally, primary PCI may allow earlier
discharge (2-3 days following PCI versus 7 days
following fibrinolytic therapy for uncomplicated
courses).
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Table 1.1 TIMI Classification of Coronary Flow and Perfusion

Flow Grade Classification

TIMI Flow Grade Definition

0 No antegrade flow beyond the point of occlusion.

1 Faint antegrade coronary flow beyond the occlusion, although filling of the distal coronary bed is
incomplete.

2 Delayed or sluggish antegrade flow with complete filling of the distal territory.

3 Normal flow that fills the distal coronary bed completely.

Perfusion Grade Classification

Perfusion Grade Definition

0 Minimal or no myocardial blush is seen.

1 Dye stains the myocardium; this stain persists on the next injection.

2 Dye enters the myocardium but washes out slowly so that the dye is strongly persistent at the end

of the injection.

3 There is normal entrance and exit of the dye in the myocardium so that the dye is mildly persistent

at the end of the injection.

Adapted with permission from [7] Gibson CM, Schomig A. Coronary and myocardial angiography: angiographic
assessment of both epicardial and myocardial perfusion. Circulation. 2004;109:3096-3105; and [8] Schémig A, Mehilli J,
Antoniucci D, et al. Mechanical reperfusion in patients with acute myocardial infarction presenting more than 12 hours
from symptom onset: a randomized controlled trial. JAMA. 2005;293:2865-2872.

80

[~
o
1

n=50,000

Treated patients
8
1

20

Absolute benefit per 1000

T T T 1 T
0 3 6 9 12 15 18 21 24

Time delays, hours

Figure 1.3 Time delays to thrombolysis in STEMI and
the absolute reduction in 35-day mortality. (Reproduced
with permission from [9] Boersma E, Maas AC, Deckers
JW, Simoons ML. Early thrombolytic treatment in acute
myocardial infarction: reappraisal of the golden hour.
Lancet. 1996;348:771-775.)

Decreasing the Time to Reperfusion in

Primary PCI

The survival benefit of reperfusion associated with
thrombolytic therapy shrinks with increasing delay

in the administration of the agent. For stable pa-
tients undergoing primary PCI, no association be-
tween symptome-onset-to-balloon time and mortal-
ity was observed in the U.S. NRMI registry [13].
In contrast, a significant increase in mortality was
detected for patients with a door-to-balloon-time
greater than 2 hours [14]. Therefore, the findings
of primary PCI trials may be only applicable to hos-
pitals with established primary PCI programs, expe-
rienced teams of operators, and a sufficient volume
of interventions. Indeed, an analysis of the NRMI-2
registry demonstrated that hospitals with less than
12 primary PCIs per year have a higher rate of mor-
tality than those with more than 33 primary PCIs
per year [13]. Useful tools to decrease the door-to-
balloon time are described in Table 1.2 [15].

Challenging Groups of Patients

Concomitant High-Grade Non-Culprit Lesions
The timing of revascularization of severe non-
culprit lesion treatment in patients with multivessel



