The intra-aortic balloon pump in high-risk
percutaneous coronary intervention:
IS counterpulsation counterproductivee

The rapid increase in the number of percutaneous coronary interventions being performed has led to a
corresponding rise in the complexity of lesions attempted and the extent of patient comorbidities
permitted. In order to redress the balance in these high-risk subsets, interventionalists are furnished with
ever-progressive pharmacotherapy and the continuing evolution of mechanical adjuncts, such as the intra-
aortic balloon pump. Now some 40 years since its first-in-man description, the situations and strategies
in which to utilize its attractive physiological properties are still open to debate, whilst its use in cardiogenic
shock following acute infarction is incorporated into current US and European guidelines. The aim of this
article is to track the development of diastolic augmentation from conception to class | recommendations
based on registry and trial data, whilst offering a speculative view on the future use of counterpulsation
in high-risk interventions with respect to an expanding percutaneous coronary assist device market.
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The use of percutaneous coronary intervention
(PCI), as a means of arterial recanalization, has
witnessed an unprecedented rise over the last
three decades and is now one of the most com-
mon medical interventions performed today
(Ficure 1). This expansion has, in part, been borne
out of necessity, arising from the increasing inci-
dence and prevalence of coronary heart disease,
predominantly due to the aging demographic
of ‘industrialized’ nations, the ‘westernization’
of developing countries and the myriad socio-
economic and environmental factors this inter-
play has created. This is in spite of established
primary and secondary coronary heart disease
prevention models, public health systems and
noninvasive stress testing that facilitate earlier
diagnosis, improved access to definitive therapies
and the care given by experienced clinicians sup-
ported by international guidelines and a robust
evidence base. Increased demand and a desire
to avoid major adverse cardiac and cerebro-
vascular events (MACCE) post-PCI have also
been the catalyst for advances in stent and bal-
loon technology. These advances include bet-
ter lesion characterization based on a variety of
intracoronary imaging modalities, physiological
assessment of flow and objective measures of via-
bility; the deployment of adjunctive mechanical
devices and an extensive pharmacotherapeutic
armamentarium, components of which have
been shown to promote survival, attenuate
symptom burden, reduce thrombo-occlusive
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sequelae and minimize bleeding complications
post-PCI, a procedure undertaken electively
in stable coronary artery disease (CAD) and
emergently for the spectrum of acute coronary
syndromes. As a direct result of this develop-
ment in percutaneous technologies, allied to a
population growing older, interventional cardi-
ologists are now attempting revascularization of
more complex coronary anatomy, in a high-risk
subset of patients demonstrating evidence of
reversible ischemia, who would otherwise have
been denied access to surgical intervention and,
in years gone by, consigned to potentially less
effective conservative medical strategies.

In this article we review the current szatus quo
with regard to the incorporation of intra-aortic
balloon counterpulsation (IABC) in high-risk
PCI, analyze the evidence for its role as either an
‘elective/prophylactic’, ‘standby/provisional’ or
‘rescue/bailout’ method of percutaneous circu-
latory assistance and make inferences on which
mode of use can provide optimal procedural
success and outcomes. We will present a clini-
cal physiologist’s perspective on IABC, detail-
ing tips and tricks alongside the advantages and
pitfalls of using this technology in a real world
setting. Finally, we will explore the future role of
IABC and its evolution in the context of a rapidly
expanding percutaneous circulatory assist device
(PCAD) arena in which the Impella® Recover
LP (Abiomed, Aachen, Germany/Danvers, MA,
USA) and the TandemHeart® (Cardiac Assist,
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Figure 1. Growth in the utilization of percutaneous coronary intervention for coronary heart disease. (A) PCl activity to 2010
(UK). (B) PCl versus isolated CABG numbers (UK). (A) The UK has witnessed an exponential rise in PCl procedures compared with (B) a
plateau in the performance of CABG surgery over the same time period.
Note: in (B) CABG data to 2008 for financial year. CABG from 2006 from Society of Cardiothoracic Surgery (SCTS) database.
CABG: Coronary artery bypass graft; PCl: Percutaneous coronary intervention.
Reproduced with permission from P Ludman, Birmingham, UK, and the British Cardiovascular Intervention Society Audit 2010 [103].
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Pitesburgh, PA, USA) devices have emerged as
potential rivals.

How do we define high-risk PCI?
Somewhat surprisingly, there is no universally
accepted definition of what constitutes high-
risk PCI. Akin to the controversy generated by
the attempt to compare rates of stent thrombo-
sis (ST) and/or bleeding in trials of therapeutic
strategies for acute coronary syndromes/PCI,
prior to general acceptance of the Academic
Research Consortium definition of ST [1]
and the recent Bleeding Academic Research
Consortium (BARC) categorization of bleed-
ing events [2], respectively, it is difficult to
gauge how robust the outcomes are between
trials of high-risk PCI when the patient cohort
is significantly heterogeneous and lacks stand-
ardization. Box 1 lists several putative clinical,
anatomical and hemodynamic criteria that
have been used by various investigators to
denote ‘high risk’ (3].

One way of assessing or assigning risk is to
use a ‘myocardium at risk’ score. These scores
help to systematically calculate the severity of
CAD based on angiographic findings and also
give an indication of the relative importance
of each of the three major epicardial coronary
arteries on an individual patient basis. This is
clearly a preferred method of ascertaining risk
over that of simply demonstrating the number
of diseased major vessels. Moreover, they also
provide prognostic information.

Interv. Cardiol. (2012) 4(2)

One of the most commonly adopted is the
Jeopardy Score from Duke University (NC,
USA), which divides the coronary tree into six
segments (left anterior descending, diagonal
branch, circumflex, obtuse marginal, right coro-
nary and posterior descending arteries) with all
segments distal to a 270% stenosis considered as
being at risk [4]. Each segment receives two points
if affected, plus two further points if the lesion
affects two of the six downstream myocardial
territories, giving rise to a maximum score of
12. The Alberta Provincial Project for Outcome
Assessment in Coronary Heart (APPROACH)
disease investigators assessed and validated the
prognostic value of their own Lesion Score
with that of the Duke Jeopardy Score and
the Bypass Angioplasty Revascularization
Investigation (BARI) Myocardial Jeopardy
Index in >20,000 patients undergoing coronary
catheterization for ischemic heart disease and
found all three scores to be predictive of 1-year
mortality (SCC FIGURE 2) [s].

The common thread connecting these multiple
variables is the relative inability of the high-risk
patient to withstand the hemodynamic seque-
lae of arrhythmias and even transient periods of
ischemia-reperfusion, for instance, during balloon
inflation and stent deployment or from the dis-
tal embolization of atherogenic material (i.e., the
no-reflow phenomenon). These individuals have
significantly attenuated hemodynamic reserve
and may develop postischemic stunning, lead-
ing to a deleterious cascade of decreased diastolic
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compliance, depressed systolic function leading to
a fall in cardiac output and worsening ischemia
culminating in cardiogenic shock (CS) or ven-
tricular arrhythmias. Furthermore, high-risk
patients with subnormal left ventricular func-
tion tend to be older and have more pre-existing
comorbidities, both of which are independently
associated with poorer outcome post-PCI (6].

As there is a heightened propensity to suffer
catastrophic hemodynamic collapse, either as
a direct consequence of the procedure or as a
result of the pre-existing proischemic milieu, it
seems intuitively attractive to use an adjunctive
device that can augment the coronary circu-
lation and reduce the workload of the endan-
gered myocardium during high-risk PCI. One
such device is the intra-aortic balloon pump
(IABP; MAQUET Cardiovascular, NJ, USA)
and the physiological benefits of mechanical
counterpulsation it provides (Box 2, Ficure 3) [7-14].

The diastolic augmentation of
coronary perfusion

“In short, it seems likely that the returned
arterialized blood should be returned during
diastole when the aortic valve is closed. This

would probably offer less resistance to the ailing
heart’s systolic effort and therefore presumably less
cause for myocardial work which of course is our

Clinical criteria
— Age 270 years

The intra-aortic balloon pump in high-risk PCI

objective ... For medical auxiliary circulation it
will probably be better to have this micro-switch
mechanism replaced by a synchronizing oscilla-
tor so we can have slave correlation to the QRS
complex of the electrocardiogram.”
— Dwight E Harken

Dwight Emary Harken, a pioneering US
army cardiac surgeon, speaking at a meeting on
extracorporeal circulation in 1957, had clearly
grasped the concept of diastolic augmenta-
tion [15]. Four years previously, the Kantrowitz
brothers had published a paper in which they
described a 22-53% increase in flow through
a canine circumflex artery by retardation of the
arterial pressure pulse so that peak arterial pres-
sure was made to occur during diastole [16]. The
term ‘counterpulsation’ was coined from another
canine study conducted by Harken’s group in
which an external ‘mechanical ventricle’ was
used [17]. Here, an electronically controlled
arterial counterpulsator allowed the injection
of blood, withdrawn in ventricular systole, into
the abdominal aorta during diastole. There were
problems with the procedure: most pertinently
the need for bilateral femoral arteriotomies and
technical difficulties with the extracorporeal
pump. The authors did, however, postulate this
new device and its underlying physiological
principles could be utilized in acute heart failure.

— Left ventricular systolic dysfunction: commonly ejection fraction <30-45%

— Previous coronary artery bypass graft surgery

— High-risk acute coronary syndromes (i.e., complicated by unstable hemodynamics and/or

dysrhythmias)
— Cardiogenic shock
— Postmyocardial infarction refractory angina
— Killip class 1I-IV
Anatomical criteria

— Unprotected left main coronary artery or left main equivalent (defined as >70% stenosis in both
the left anterior descending artery before the first septal perforator and in the circumflex artery
before all branches, in the absence of a significant intermediate branch) intervention

— Three-vessel coronary artery disease defined as >1 significant stenosis (>50%) in all three major

epicardial territories
— Distal bifurcation intervention
— Last remaining coronary conduit

— Single target vessel subtending a large area of viable myocardium

— Jeopardy Score >8 (see Ficurk 2)

— Target vessel providing a collateral supply to an occluded second vessel that in turn supplies

>40% of the left ventricular myocardium
Hemodynamic criteria

— Pulmonary capillary wedge pressure >15 mmHg
— Mean pulmonary artery pressure >50 mmHg
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Figure 2. 1-year mortality according to
specific myocardium at-risk scores.

(A) Duke Jeopardy Score, (B) BARI Jeopardy
Score, (C) APPROACH Lesion Score. The ability
of three myocardial Jeopardy Scores to predict
1-year mortality were tested against a cohort of
20,067 patients with ischemic heart disease
who underwent cardiac catheterization
between 1995 and 1998 in the province of
Alberta, Canada (9922 patients treated
medically, 6334 patients treated with
percutaneous coronary intervention and

3811 patients treated with coronary artery
bypass graft surgery). The investigators
excluded those patients with valvular heart
disease and a previous history of bypass
surgery. A preintervention Duke Jeopardy Score
>8 is widely accepted as ‘high risk’ for those
patients due to undergo percutaneous coronary
intervention.

BARI: Bypass Angioplasty Revascularization
Investigation.

Reproduced with permission from [s].

Moulopoulos ¢t al. at The Cleveland Clinic
(OH, USA) went on to develop a method of
counterpulsation that avoided removing blood
out of the body. They constructed a precursor to
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the modern-day IABP by using latex tubing tied
around the end of a polyethylene catheter with
multiple side holes (Ficure 4) [18]. A 20 cm length of
the latex tubing was inserted into the descending
thoracic aorta via the left carotid or subclavian
artery of live anesthetized dogs. By occluding the
distal end of the catheter, the latex tubing could
be rhythmically inflated and deflated with carbon
dioxide, the volume of which could be controlled
by a syringe. This apparatus was connected to a
circuit timed according to the ECG of the animal.
Stroke length and delay after the R wave were pre-
set to allow diastolic augmentation to occur. They
were able to demonstrate an increase in diastolic
blood flow through the arterial system and an
associated lowering of the end diastolic arterial
pressure. And so was born the IABD.

The first-in-man experience of IABC was per-
formed by Kantrowitz ez al. 19]. By this time,
helium had replaced carbon dioxide as a means
of expanding the balloon, since its lower den-
sity assured rapid passage through the catheter.
A femoral arteriotomy was fashioned to insert
the pump to a point just beneath the subcla-
vian artery in two patients presenting with CS
(Ficure 5). One patient survived maintaining
adequate blood pressure and urine output after
several hours of intermittent IABC. The other
patient suffered intractable circulatory collapse
leading to florid pulmonary edema, ventricular
fibrillation and ultimately death, 1 h and 29 min
after IABC, which had to be stopped for bal-
loon repositioning; the latter case reflecting a
complete dependence of the patient’s circulation
on the balloon pump. The investigators had the
foresight to list criteria that a temporary cardiac
assist device should fulfill to be of value in these
particular clinical scenarios:

= Effective insertion with minimal surgical
application;

= Capability for aiding the coronary and periph-
eral circulation intermittently or continuously
for hours or days;

= Significant support for the ischemic
myocardium by reducing its work;

= Simplicity of initiation and maintenance for
widespread use by minimally trained
professional personnel [19].

These basic principles continue to underlie the
clinical effectiveness and safety of modern-day
devices. By 1979 Bregman and Casarella had
published their experience with an IABP that
could be inserted percutaneously througha 12 F
sheath via the Seldinger technique [20].

future science group



The intra-aortic balloon pump in high-risk PCI

Active deflation immediately prior to the onset of systole and precisely at the start of isovolumic contraction effectively
creates a dead space in the thoracic aorta, thereby reducing afterload and promoting forward flow from the left ventricle
This stimulates the following:
— Areduction in LV end diastolic pressure

— Areduction in LV volume and wall tension/stress

— Areduction in LV work leading to less myocardial oxygen demand

— Preservation or increase in LV stroke volume, EF and overall cardiac output and index

— Arreduction in the TTI

The TTI reflects myocardial oxygen demand and corresponds to the region below the LV systolic pressure curve (see Ficure 3). The TTI falls

during balloon deflation due to the reduction in LV afterload
Inflation of the balloon during diastole displaces intra-aortic blood volume towards the coronary tree, causing a
redistribution of blood flow and an overall reduction in preload

This stimulates a rise in mean arterial pressure

— Diastolic pressure augmentation is typically greater than systolic pressure reduction, leading to a net rise in MAP. This effect is most

pronounced in patients with systemic arterial hypotension. In normotensive patients, in whom circulatory autoregulation remains
intact, IABC produces little or no change in MAP

It also stimulates an augmentation of blood flow, not only to the coronary arteries, but also to the great vessels and the renal
vascular bed
— Diastolic augmentation should theoretically give rise to increased myocardial perfusion by increasing the coronary pressure gradient

from the aorta to the epicardial coronary circulation. Data from both animal and human studies, however, indicate the degree of
coronary artery stenosis and the state of coronary autoregulation can lead to significant variation in response to counterpulsation.
For instance, Kimura et al. demonstrated an IABC-induced 12% increase in flow through the left anterior descending artery in the
absence of a stenosis in an anesthetized open chest canine model. In the presence of a LMCA stenosis, however, the increase in
diastolic pressure was not transmitted to the post-stenotic segment, thereby completely abolishing augmentation of flow in the left
anterior descending artery [10]. The investigators postulated the predominant benefit gained from counterpulsation in a stenosed
coronary tree might be derived from systolic unloading of the ischemic heart, thereby reducing oxygen demand over and above the
expected increase in coronary perfusion

Kern et al. demonstrated a similar lack of post-stenotic coronary flow augmentation in a cohort of individuals receiving IABC for
typical clinical indications. Interestingly, following removal of the obstruction to coronary flow with angioplasty, diastolic
augmentation with IABC was restored and confirmed [11]. In that same year, Kern et al. also published a seminal paper in which 1:1
balloon counterpulsation was shown to irrevocably and significantly increase mean coronary flow velocity and the distal flow
velocity integral using a 20 MHz Doppler-tipped catheter [12]. Notably, all patients were critically ill and hypotensive, a situation in
which autoregulation is thought to be insufficient to preserve coronary arterial blood flow. The situation is different when there is a
normal perfusion pressure across the coronary bed, during which autoregulation is active and coronary blood flow is pressure
independent

By contrast, a group from Osaka, using noninvasive transthoracic Doppler echocardiography to measure the coronary flow velocity
in 40 critically ill patients requiring an IABP, demonstrated a wide-ranging enhancement of distal flow, regardless of the presence or
absence of a critical proximal stenosis [13]

Furthermore, using IABC to relieve medically refractory angina in six patients, Williams et al. demonstrated a decline in regional
myocardial oxygen consumption, but no increase in regional coronary blood flow, the premise being that an increase in MAP served
to reduce myocardial work, but also stimulated the perfusion of other vascular beds [14]

In addition, it also stimulates an increase in the DPTI

The DPTI is a reflection of myocardial oxygen supply. It is dependent on the aortic diastolic pressure, the LV end diastolic pressure
and duration of diastole. IABC increases the DPTI as a direct consequence of the increase in diastolic blood pressure and subsequent
theoretical increase in coronary blood flow (see Ficure 3)

The DPTI:TTI ratio, also referred to as the endocardial viability ratio, is a measure of the balance between myocardial oxygen
demand and supply. During IABC the endocardial viability ratio is increased

Hemodynamic effect
The magnitude of the hemodynamic effect is dependent on:

Balloon volume to aorta size: as balloon volume increases, so does the volume of blood displaced

Heart rate: as heart rate increases, LV and aortic diastolic filling times fall, resulting in less balloon augmentation per unit of
elapsed time

Aortic compliance: an increase in aortic compliance (or fall in systemic vascular resistance) will lead to a diminution of the diastolic
augmentation generated by counterpulsation

DPTI: Diastolic Pressure Time Index; EF: Ejection fraction, IABC: Intra-aortic balloon counterpulsation, IABP: Intra-aortic balloon pump, LMCA: Left main coronary
artery; LV: Left ventricular, MAP: Mean arterial pressure; TTl: Tension Time Index.
Data taken from [7-14].
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Figure 3. Effect of counterpulsation on myocardial oxygen supply and
demand. Diastolic augmentation through counterpulsation increases the pressure
difference between the aorta and left ventricle — this is referred to as the DPTI. It is
a measure of myocardial oxygen supply. Myocardial oxygen demand is directly
related to the area under the left ventricle systolic pressure curve — this is referred
to as the TTI. The DPTI:TTI ratio reflects the balance between myocardial oxygen
supply and demand and is termed the endocardial viability ratio. Intra-aortic
balloon counterpulsation results in an increase in endocardial viability ratio.

DPTI: Diastolic Pressure Time Index; TTI: Tension Time Index; VVP: Ventricular
pressure.
Reproduced with permission from [9].
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Intra-aortic counterpulsation:
a physiologist’s perspective
IABP systems are typically inserted within the
multidisciplinary environment that is the car-
diac catheterization laboratory. The specific role
of the physiologist during IABP insertion is to
ensure correct system set-up and maintenance
during what is likely to be either a complex or
acute PCI case. This includes providing and
selecting appropriate ‘trigger’ sources for the sys-
tem, setting up a pressurized fluid-filled line for
accurate pressure monitoring, waveform analysis
to ensure correct inflation and deflation timings
(see Ficure 6) and selecting the most appropriate
settings for each specific clinical situation.
Depending on the patient’s hemodynamic sta-
tus, the balloon can be programmed to assist with
every heartbeat in a 1:1 fashion, or less frequently
ina 1:2 or 1:3 ratio, the latter sequence often used
to wean down support prior to removal. Successful
weaning from the IABP requires the patient to
have no signs of CS with a satisfactory blood pres-
sure on minimal or no inotropic support (target
mean arterial pressure of 265 mmHg and if avail-
able, a cardiac index of 2 I/min/m?). The device
should never be left switched off in situ as this
would increase the risk of thrombus formation.
Recognizing correct inflation and deflation
balloon catheter timings is an important physi-
ologist skill. Modern IABP systems have built-in

Interv. Cardiol. (2012) 4(2)

features that enable fairly accurate baseline infla-
tion and deflation timings to be selected — how-
ever, these timings may not always be optimum.
It is important to assess inflation and deflation
timings at balloon insertion and on a regular
basis whilst the balloon is 77 situ to avoid any
related complications (see Taste 1, Ficure 7).

In many circumstances, the IABP system
will need to remain with the patient after their
catheter laboratory procedure until they are
hemodynamically stable or have further inter-
vention (e.g., CS patients or patients with left
main/triple vessel disease requiring Coronary
artery bypass graft [CABG]).

There are many situations in the ward envi-
ronment that risk compromising the function of
the IABP. Patient movement can cause the bal-
loon catheter to displace either upwards towards
the head and neck vessels or downwards causing
possible occlusion of the renal arteries. In these
situations, the waveform may show little change
to reflect the new position, so other clinical signs
should be regularly observed — such as the radial
pulse and the urine output, as these may give
more accurate clues to balloon displacement.

Itis also a common complication for the pres-
sure line to become compromised. This can be
due to a number of causes; for instance if the
catheter becomes twisted or kinked, the pres-
sure signal through the fluid-filled line will be
lost. The screen will display a flat line sitting at
the top of the pressure range. If the kink is not
visible on the portion of the line outside of the
body, the catheter itself may be kinked and the
patient may have to be taken back to the catheter
laboratory for this to be resolved. Clots may also
form in the pressure line. This could be due to
insufficient pressure in the line causing retro-
grade blood flow back towards the transducer,
insufficient anticoagulation therapy to prevent
clotting within the lumen of the catheter or as
a consequence of using the pressure line to col-
lect blood or administer medication. If a clot
does develop within the lumen of the pressure
line, the waveform seen on the IABP screen will
become damped. All prominent waveform fea-
tures will become lost and the pulse pressure of
the signal will decrease. Damping can be seen
at varying levels depending on clot size from a
subtle smoothing out of the waveform, to a com-
plete loss of all recognizable waveform features.
If this occurs, the line should be aspirated to
remove the clot and then thoroughly flushed
through again to ensure the heparinized-saline
solution reaches the very tip of the IAB catheter
(see Box 3).
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As with most medical devices, advancement
and improvements are being made in counter-
pulsation systems regularly. The predominant
systems currently in use are the CS100 and the
CS300 systems, manufactured by MAQUET
Cardiovascular. Both of these systems have many
intuitive features that can reduce pump set-up
time, virtually obviate the need for clinician
adjustment and optimize pump function.

Both systems are built to recognize the opti-
mum trigger source and can set the inflation
and deflation times fairly accurately to optimize
patient care. An algorithm known as R-Trac® is
available in these systems, which means that the
regularity of the patients rhythm is monitored
and, if the patient changes from a regular rhythm
to an irregular rthythm, the system will adjust the
deflation timings on a beat-to-beat basis.

The CS100 is compatible with fluid-filled IAB
catheters such as the 7.5 F LINEAR™ catheter,
which comes in a variety of sizes to correspond
with patient height. These fluid-filled cath-
eters are, however, subject to the complications
described above. One of the main advantages
of the CS300 system is that a more advanced
fiber-optic catheter called the SENSATION® 7 F
can be used. The SENSATION catheter has
many advantages over the LINEAR catheter;
the main advantage being the use of fiber-optic
technology to measure the IABP waveform.
The SENSATION catheter removes the need
for a fluid-filled pressure line completely — and
therefore, all of the complications associated
with it. The pump set-up time when using
the SENSATION catheter is also reduced as a
transducer and pressurized fluid-filled line are
no longer required which, in an acute situation,
is a great advantage (see Ficures 8 &9).

With further improvements to the cur-
rent counterpulsation systems on the horizon,
it seems possible that IABP therapy will soon
become almost fully automated after balloon
insertion, allowing more time for staff to con-
centrate directly on the patients themselves. It
is still very important that the necessary skills
needed to recognize correct inflation/deflation
times and to troubleshoot any pump problems,
are still taught to all staff involved in the use
of IABP systems as there will always be times,
despite technological advancements, that human
experience and intuition will be required.

A low-risk therapeutic optionin a
high-risk patient cohort

The Benchmark Counterpulsation Outcomes
Registry is perhaps the most robust barometer
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of real-world contemporary IABP practice we
have at our disposal. The first report, published
in 2001, documented, most pertinently, the
indications, clinical outcomes and complica-
tions associated with IABP implantation across
243 institutions in 18 countries [21]. Data collec-
tion was initiated in June 1996 and by August
2000, there were 17,540 IABP records from
16,909 patients available for analysis from this
prospective computerized database.

As expected, the most frequent IABC indica-
tion was for hemodynamic support during or
after cardiac catheterization (20.6% of patients).
It is unclear what proportion of these consti-
tuted high-risk PCI procedures although, given
that 15.4% of patients presented with left main
coronary artery (LMCA) disease, 28.5% triple
vessel disease and 23.0% of the overall cohort
underwent PCI, we can potentially assume a
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Figure 4. Counterpulsation device. The counterpulsation device was pioneered
by Moulopoulos et al. Timing of inflation and deflation of the balloon was

controlled by a Cardiac Programmer manufactured by Cordis Corporation (NJ,

USA). A sterile normal saline solution was used to fill the cylinder surrounding the
tube to reduce the dead space in the system. The amount of carbon dioxide was

regulated with a rudimentary syringe.
Reproduced with permission from [18].
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Figure 5. First-in-man intra-aortic circulatory assistance system. Developed
by Kantrowitz et al., the pump was inserted via a femoral arteriotomy through to
the thoracic aorta to a point just beneath the left subclavian artery.

Reproduced with permission from [19].
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significant proportion of the hemodynamic
support provided for cardiac catheterization
was indeed for a high-risk PCI subset. Other
common indications included CS (18.8%) and
refractory unstable angina (12.3%) (see Taste2).

One of the major findings of this study was
the encouragingly low incidence of major com-
plications associated with IABP implantation
(see Taeie 3). The profiles of balloons and cath-
eters have evolved and diameters narrowed along
with marked improvements in anticoagulation
regimes and increasing clinical experience and
familiarity with the device. This is reflected
in the deaths attributable to IABP failure or
insertions being as low as five in 10,000. The

Interv. Cardiol. (2012) 4(2)

incidence of major complications (2.8%) and
any unsuccessful JABP implantations (2.3%)
as composite outcomes were relatively low. This
led the investigators to conclude that IABC
represented a “low-risk therapeutic option in a
high-risk patient cohort” [21]. They also went on
to identify independent predictors of major com-
plications of IABC using multivariate logistic
regression analysis. Of the 15 variables screened,
the following significantly increased the risk of
a major complication:

* Female gender;
® Peripheral vascular disease;
* Small body surface area (<1.65 m?);

= Age >75 years.

Clearly, as with the utilization of any medical
device, appropriate patient selection is paramount
(see Box 4).

The question remains, however, as to
whether real-world utilization of a device
matches up with national and international
guidelines? In the latest European Society of
Cardiology (ESC) and European Association
for Cardio-Thoracic Surgery (EACTS) guide-
lines on myocardial revascularization, the use
of IABC is given a class I, level of evidence C,
recommendation for those patients presenting
with hemodynamic instability in the setting
of acute myocardial infarction (MI) with par-
ticular emphasis paid to those in CS or those
suffering mechanical complications (e.g., acute
mitral regurgitation secondary to papillary
muscle rupture, ventricular septal defect, free
wall rupture or cardiac tamponade) [22]. The
IABP should be inserted prior to any attempt
at revascularization in the context of acute
ST-elevation MI (STEMI) complicated by
hemodynamic compromise. The ESC does
not recommend, however, the prophylactic
use of IABC when there is no hemodynamic
impairment. Interestingly there is no reference
to, or guidelines on, a stand alone ‘high-risk’
PCI subset in this publication although most
observers would agree that revascularization for
STEMI complicated by acute heart failure is
indeed a high-risk clinical scenario.

The American College of Cardiology
Foundation (ACCF)/American Heart
Association (AHA) Task Force on Practice
Guidelines and the Society for Cardiovascular
Angiography and Interventions (SCAI) are more
explicit on the role of periprocedural IABC as
an adjunct to PCI in the most recent iteration
of their PCI practice guidelines published in
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2011 [23]. Like the Europeans they have assigned
a class I level of evidence B recommendation on
the use of IABC in STEMI patients presenting
with CS refractory to pharmacological therapy.
They have, however, gone one step further than
the ESC/EACTS guidelines by delineating what
constitutes high-risk PCI:

* PCI to an unprotected LMCA or last

remaining conduit;

= PCI to a vessel supplying a significant area of
myocardium in a patient with severely

depressed LV function;
= PCI in those patients in CS.

Under these circumstances the ACCF/AHA/
SCALI have assigned a class IIb, level of evi-
dence C, recommendation for the elective inser-
tion of an appropriate hemodynamic support
device as an adjunct to PCI, the caveat being judi-
cious patient selection and the following factors
taken in to careful consideration:

= Risk of vascular injury;
= Ease of application/removal of the device;
= Related complications;

= Operator/catheterization laboratory expertise.

It is evident from the Benchmark Registry
that the IABP is commonly used in specific
high risk scenarios. It is familiar to the major-
ity of catheterization laboratories throughout
the world; has a relatively low acquisition cost;
is easy to implant and, if used diligently and
in the correct patient subtype, is associated
with a significant but reassuringly low inci-
dence of directly attributable complications.
Furthermore, contemporary IABP systems
require minimal technical support and auto-
mated algorithm advancements now allow for
seamless adjustment to changing patient and
environmental factors. In addition, intra-aortic
counterpulsation in high-risk revascularization

The intra-aortic balloon pump in high-risk PCI
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Figure 6. A typical systemic arterial pressure waveform following diastolic
augmentation. The intra-aortic balloon pump inflates at the dicrotic notch leading
to peak-augmented diastolic pressure. As the balloon deflates, assisted end
diastolic pressure is seen to be lower than unassisted end diastolic pressure, and
assisted systolic pressure is lower than unassisted systolic pressure. To confirm
maximal hemodynamic effect from the intra-aortic balloon pump, peak diastolic
augmentation should be greater than the unassisted systolic pressure and both
assisted pressures should be less than the unassisted pressures.

procedures is currently supported by European
and US class I recommendations, albeit with
levels of evidence that are not entirely robust.
There are many reasons, therefore to use the
IABP, but what of the data?

The evidence for intra-aortic
counterpulsation in high-risk PCI

B Registry data

The applicability and validity of registry data
remains open to debate. When studying a
patient cohort that is notoriously difficult to
enroll in randomized trials, registry data can
certainly add value by giving an all-comers,
real-world, viewpoint on management trends
and, since registries can be easily maintained,
subsequent longer-term outcomes. Clearly there
is the scepter of selection bias overhanging any

Timing inaccuracy Potential complication

Late inflation Attenuated inflation time, leading to lower peak diastolic augmentation and suboptimal IABP function

Early inflation Balloon inflates before aortic valve closes — the left ventricle is therefore forced to empty against an
inflated balloon. There is an increase in afterload, potentially raising myocardial oxygen demand

Late deflation Balloon is still inflated at start of next systole, causing an increase in ventricular afterload. Similar to
deleterious consequences of early balloon inflation

Early deflation Reduced inflation time, leading to lower peak diastolic augmentation and suboptimal IABP function.

Theoretically, this can cause retrograde coronary flow leading to angina and ischemic arrhythmias and
retrograde carotid flow causing cerebral ischemia

"Refer to Figure 7 for corresponding waveforms.
IABP: Intra-aortic balloon pump.
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registry, but with adjustment for baseline dif-
ferences and the utilization of propensity score
matching, the data accrued can be robust and
can be used to evaluate the safety and efficacy
of a particular intervention in everyday practice.
Furthermore the larger registries allow investiga-
tors to study relatively rare outcomes and gener-
ate statistically significant inferences from them.
This has certainly been the case for studying
trends pertaining to IABP usage in high-risk
clinical scenarios.

Brodie ez al. looked at a registry of 1490 con-
secutive patients admitted to a single center with
acute MI treated with primary PCI (the majority
with balloon angioplasty but also coronary stent-
ing in the last 3 years) without prior thrombolytic
therapy from 1984 to 1997 [24]. An IABP was
implanted in 213 (14.2%) of these patients, 133
had CS, 80 were hemodynamically stable but
high-risk, 108 received counterpulsation before
intervention and 105 after intervention. In 119
of the CS patients, the prophylactic use of IABC
before intervention resulted in significantly
lower rates of catheterization laboratory events
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(defined as ventricular fibrillation/tachycardia,
cardiopulmonary arrest and prolonged hypoten-
sion) compared with no IABC or IABC after
intervention. In 119 high-risk patients (defined
as congestive heart failure or left ventricular
ejection fraction (LVEF) <30%) preinterven-
tion IJABC was also associated with a nonsig-
nificant reduction in laboratory events. IABC
led to an increased propensity for major bleed-
ing although the investigators did recognize the
potential adverse effect of larger sheaths, high
dose heparin anticoagulation and longer in-
dwelling of the sheath, could have had on this
outcome.

The SHOCK Trial Registry concurrently
enrolled 1190 patients with suspected CS from
36 participating centers during the SHOCK
Trial recruitment period [25]. Of these,
856 patients with CS secondary to acute MI
were available for analysis. Those patients sup-
ported with an TABP were more likely to pro-
ceed to coronary angiography (p < 0.001) and
as such, TABC use was associated with a lower
mortality rate compared with no IABC (50 vs
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Figure 7. Systemic arterial pressure waveforms of common errors encountered during
intra-aortic balloon counterpulsation. (A) Late inflation, (B) early inflation, (C) late deflation and

(D) early deflation.
Adapted with permission from [7].
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72%; p < 0.0001). Patients proceeding to revas-
cularization (PCI or CABG) following throm-
bolysis and IABP insertion had a significantly
lower mortality than those who remained on a
conservative strategy (39 vs 78%; p < 0.0001)
(26]. A subgroup analysis of patients undergo-
ing PCI was also undertaken to examine the
effect of diastolic augmentation. Interestingly,
there was no difference in in-hospital mortality
for patients with an IABP iz situ prior to PCI
(n = 98, 47% mortality) versus those receiving
counterpulsation after PCI (n = 95, 47% mor-
tality) versus patients undergoing PCI without
IABP support altogether (n = 56, 46% morality)
(26], although this result could be attributed to
differences in patient selection, a well recognized
flaw of all registries.

In the National Registry of Myocardial
Infarction-2 (NRMI-2), investigators studied
the outcomes of 23,180 participants presenting
with CS or in whom CS developed during their
hospital admission [27]. IABC was used in 7268
(31%) patients. In those that received throm-
bolytic therapy, supplemental IABC conferred
a significant mortality advantage (thromboly-
sis + IABP 49% vs thrombolysis alone 67%),
perhaps reflecting the synergistic effect of both
therapies working in tandem to establish patency
of the infarct-related artery. High-risk primary
PCl in this setting produced the lowest mortal-
ity rate, although insertion of an IABP did not
lead to any further advantage (primary PCI 42%
vs primary PCI + IABP 47%) and, in fact, was
associated with higher hospital mortality rates.
Unlike thrombolysis, PCI does not rely on coro-
nary perfusion pressure to establish patency. It
should also be borne in mind that the specific
timing of IABP insertion was not available for
this analysis.

Further iterations of the Benchmark Registry
also provide a noteworthy insight in to IABP usage
patterns in acute MI [28]. Of the 22,663 patients
that received an IABP at 250 centers between
June 1996 and August 2001, 5495 (24%)
were documented as having an acute MI. CS
(n = 1498, 27.3%) and high-risk catheterization
and angioplasty (n = 1495, 27.2%) were the prin-
cipal indications for IABC emanating from the
analysis. Unfortunately the investigators do not
specifically state what constitutes ‘high risk” in
the paper, but with 59% of those undergoing car-
diac catheterization having triple vessel disease
and 16% LMCA involvement in addition to a
mean ejection fraction of 36.5 = 14.3% within
the cohort, we can confidently surmise the type
of characteristics that may have been used. As
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Vascular complications
Limb ischemia and amputation
Systemic embolization (e.g., cholesterol, helium)
Bleeding at insertion site
Thrombocytopenia
Hemolytic anemia
Stroke

Mechanical complications
Balloon rupture
Balloon leak
Balloon displacement
Balloon entrapment

Inadequate diastolic augmentation (see TasLe 1 & FiGure 7)

Inadequate inflation
Immobility of the balloon catheter
Clot formation in the pressure line
Distortion of the pressure line
Potentially life-threatening complications
Aortic dissection
Aortic rupture
Infection
Compartment syndrome

with the first Benchmark Registry analysis
21], rates of major IABP-related complications
remained low and were similar between patients
undergoing PCI (2.8%), surgery (2.6%) or con-
servative management with or without angiog-
raphy (2.7%) [28]. Indeed only three (0.05%) of
the 5495 patients died as a direct result of IABP
placement. Furthermore, the process of IABP
insertion was itself shown to be safe, with only
2.2% of patients suffering a failed procedure as
a consequence of balloon leak, poor inflation,
poor augmentation or insertion difficulty [28].
And finally, in-hospital mortality of those acute
MI patients requiring IABC support for high-
risk catheterization/PCI was proportionately low
(9.6%) despite it being the primary indication for
hemodynamic assistance in over a quarter of the
entire cohort (see Ficure 10).

Results from an analysis of the National
Cardiovascular Data Registry CathPCI
Registry, in which the use and effectiveness of
IABC for high-risk PCI was examined, give the
most contemporaneous and provocative look at
recent trends [29]. Importantly, PCI was desig-
nated as high-risk if one of the following factors
were present:

= Unprotected LMCA as the target vessel;
= CS;

= Severely depressed LV function (<30%);
= STEML

www.futuremedicine.com
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Figure 8. The CS100 Intra-Aortic Balloon Pump Interface and LINEAR™ 7.5 F IAB Catheter.
Reproduced with permission from MAQUET [104].

A total of 181,599 high-risk patients under-
going PCI at 681 hospitals between 1 January
2005 and 31 December 2007 were included
in the analysis. The primary outcome measure
was in-hospital mortality. Of the high-risk PCIs,
144,190 (79.4%) presented with STEMI, 21,259
(11.7%) had CS, 3592 (2.0%) had unprotected
LMCA PCI and 37,394 (20.6%) had signifi-
cant LV systolic dysfunction. An TABP was
implanted in 44.4% of CS patients, 10.3% of
STEMI patients, 28.1% receiving LMCA PCI
and 13.9% of those with depressed LV function.
Overall the perceived hemodynamic benefits of
IABP were only deemed necessary for 10.5% of
all high-risk cases, a relatively low figure given
the widespread availability of the device. The
investigators went on to categorize hospitals
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according to their proportional IABP use and
grouped them in to corresponding quartiles.
They found significant variation in IABP use
across all participating centers, with a median
odds ratio of 1.93 for a hospital effect, indicat-
ing a substantial influence held by actual loca-
tion on whether a patient would receive IABC
or not. Most poignantly, and after adjustment
for multiple variables, in-hospital mortality or
complication rates did not vary across hospital
quartiles, despite differences in the rate of IABP
implantation. Furthermore, a meticulous ana-
lysis of subgroups found no particular subset of
patients benefitted from an increased frequency
of IABP use. A fundamental limitation of this
analysis was a lack of information on the timing
of TABP insertion, one that has been recognized

Figure 9. The CS300 Intra-Aortic Balloon Pump Interface and SENSATION® IAB Catheter.
Reproduced with permission from MAQUET [104].
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Total Diagnostic Catheterization Surgery
population catheterization and PCl only CABG
(n=16,909; %) only (n =1576; %) (n=3882; %) (n=9179; %) (n = 1086; %)
Support and 20.6 21.4 54.4 9.7 5.0
stabilization
Cardiogenic shock 18.8 331 23.7 12.3 23.8
Weaning from 16.1 0.4 0.1 249 31.4
cardiopulmonary
bypass
Preoperation: 13.0 4.6 0.2 221 6.4
high-risk CABG
Refractory 12.3 15.3 8.3 15.8 2.2
unstable angina
Refractory 6.5 9.1 2.5 5.9 15.7
ventricular failure
Mechanical 5.5 9.8 7.0 4.2 5.2
complication due
to AMI
Ischemia related to 1.7 1.6 1.5 19 1.7
intractable VA
Cardiac support 0.9 2.1 0.2 0.5 43
for high-risk
general surgery
patients
Other 0.8 0.7 0.2 0.8 2.5
Intraoperative 0.4 0.1 0.1 0.7 0.5
pulsatile flow
Missing indication 3.3 1.8 1.9 1.2 1.5

The intra-aortic balloon pump in high-risk PCI

Non-CABG

No intervention or
revascularization
(n =1186; %)

7.8

29.4
7.1

3.0
12.7

5.1

2.0
0.2

28.1

AMI: Acute myocardial infarction; CABG: Coronary artery bypass graft, PCl: Percutaneous coronary intervention, VA: Ventricular arrhythmia.

Reproduced with permission from [21].

by the investigators. Nevertheless, they conclude
there is little evidence to support the increased
use of IABP at hospitals which were more selec-
tive on implementing this adjunct to high-risk
PCI. Based on these results, it appears the use
of TABP in a high-risk setting is not only low
for such a commonly available device but also
appears discretionary and is influenced more
by local expertise, familiarity and protocols as
opposed to definitive evidence from clinical
trials and direction from guidelines.

W Trial data
There have been several randomized trials on the
use of IABC in high-risk PCI, results of which,
much like the registry data above, have produced
conflicting results that serve to convolute the
matter, rather than provide a uniform statement
on the clinical effectiveness of IABP. These are
summarized in Tase 4. Three landmark trials are,
however, worthy of closer scrutiny.

The SHOCK Trial randomized, in a 1:1 fash-
ion, 302 patients presenting with acute MI
complicated by CS precipitated by LV failure

to emergency revascularization versus initial

future science group

medical stabilization [30]. Although an TABP
was inserted in 86% of the patients in both
groups, no clear benefit of IABC could be
delineated for either treatment strategy. Indeed
the high uptake of IABC in the conservative
treatment arm, along with the frequent use of
thrombolytic therapy, could well have led to a
convergence in overall 30-day mortality, which
was not significantly reduced by early revascu-
larization (46.7% revascularization vs 56.0%
medical therapy, p = 0.11). By 6 months, how-
ever, overall mortality was significantly lower
in the revascularization arm (50.3 vs 63.1%;
p = 0.027), a trend that persisted to improved
l-year survival rates in favor of revasculariza-
tion (46.7 vs 33.6%; p < 0.03) [31]. Although
not a direct investigation of IABC, this seminal
study highlighted the frequent use of IABC in
the context of revascularization for CS second-
ary to acute ML By virtue of the improved 1-year
survival rate, but by no means a statistically
valid inference, we might surmise that the use
of IABC during PCI in this high-risk cohort of
patients appeared to be beneficial. The results
of this landmark study have been used by both

www.futuremedicine.com

223



Myat, McConkey, Chick, Baker & Redwood

In-hospital mortality (%)
Mortality — balloon in place (%)
IABP-related mortality™ (%)
Amputation?

Major limb ischemia® (%)

Any limb ischemia (%)

Severe access site bleeding (%)
Any access site bleeding (%)
Balloon leak (%)

Composite outcomes

Major IABP complications'

Any IABP complications* (%)
Any unsuccessful IABP™ (%)

the ESC/EACTS and the ACCF/AHA/SCAI to
justify their class I recommendation for IABC
in acute MI complicated by CS [22.23]. The sur-
vival benefit of early revascularization persisted
to 6-year follow-up (32.8 vs 19.6%), irrespective
of the emergency mode of revascularization used
(i.e., PCI or CABG) 32.

The BCIS-1 study was the first prospective,
open, multicenter, randomized controlled trial
to determine whether elective IABP insertion
prior to high-risk single-vessel or multivessel PCI
was able to reduce MACCE (i.e., death, acute
MI, cerebrovascular event or the need for fur-
ther revascularization by either PCI or CABG
at hospital discharge capped at 28 days) [33).
High-risk in this instance was characterized by
the following:

» Depressed LV function (ejection fraction
<30%);

= A BCIS-1 Jeopardy Score of 28 (a modification
of the Duke Jeopardy Score);

= LMCA PCI;

= A target vessel that provided collateral supply
to an occluded second vessel that in turn
supplied more than 40% of myocardium.
Those patients with pre-existing class I or II

indications for IABP insertion (i.e., CS, acute

MI within the last 48 h, and complications of

Total Diagnostic Catheterization
population catheterization and PCl only
(n=16,909) only (n=1576) (n=3882)
21.2 32.2 18.4

11.6 17.6 101

0.05 0.1 0.1

0.1 0.0 0.1

0.9 0.6 0.5

29 3.2 1.9

0.8 0.8 1.2

2.4 2.7 4.4

1.0 0.9 0.8

2.8 2.8 2.2

7.0 7.6 7.5

2.3 2.5 1.7

"Death as a consequence of IABP therapy.

*All major limb ischemia.

$Loss of pulse of sensation, abnormal limb temperature or pallor, requiring surgical intervention.

TBalloon leak, severe bleeding, major limb ischemia or death as a direct consequence of IABP therapy.
*Any access site bleeding, any limb ischemia, balloon leak, poor inflation, poor augmentation, insertion difficulty or death as a direct result of IABP therapy.
"Balloon leak, poor inflation, poor augmentation or insertion difficulty.
CABG: Coronary artery bypass graft; IABP: Intra-aortic balloon pump, PCl: Percutaneous coronary intervention.

Reproduced with permission from [21].
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acute MI) were excluded. Elective IABP inser-
tion took place before coronary intervention.
Bailout IABC was permitted in the no planned
IABP group if clinical circumstances warranted
it. Overall 301 patients with multivessel disease
and LV systolic dysfunction were randomized
in a 1:1 fashion between December 2005 and
January 2009. There were similar rates of the
primary end point of MACCE between both
arms of the trial (15.2% elective IABP vs 16.0%
no planned IABP; p = 0.85). There was no sig-
nificant difference in the secondary end points
of 6-month mortality (it should be noted that
the trial was not sufficiently powered to detect
a difference in mortality at 6 months) or overall
rates of bleeding although, when broken down,
there were significantly more minor bleeds in the
elective IABP arm (15.9% elective IABP vs 7.3%
no planned IABP; p = 0.02). This was perhaps
tempered by more periprocedural complications
occurring in the no planned IABP arm, pre-
dominantly due to procedural hypotension (1.3
vs 10.7% in favor of elective IABP; p < 0.001),
which might explain the need for rescue/bailout
IABC in 18 (12%) patients overall.

Overall the study did not support the use
of elective/prophylactic IABP insertion prior
to high-risk PCI in terms of reducing the
incidence of MACCE. Despite this, evidence
from the study helped to justify the current

Surgery No intervention or
CABG Non-CABG revascularization
(n=9179) (n=1086) (M= 1186)
16.8 37.8 34.1
9.2 19.8 20.2
0.0 0.0 0.1
0.1 0.1 0.0
1.2 1.0 0.5
3.5 2.5 1.7
0.7 0.7 0.3
1.7 1.3 1.4
1.1 0.5 1.6
3.0 2.9 2.4
7.1 6.0 5.2
2.5 2.4 2.7
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class IIb recommendations assigned by the new
ACCF/AHA/SCAI PCI guidelines on the elec-
tive use of hemodynamic support devices before
performing high-risk PCI [23]. Given the fact
that 12% of the no planned IABP arm required
rescue/bailout IABC during their procedure,
does suggest, however, that an initial strategy
of standby IABC for PCI in those patients with
compromised LV functional reserve and exten-
sive CAD could attenuate the delay in gaining
arterial access and therefore prevent patients
from entering a cascade of irreversible hemo-
dynamic collapse. Interestingly, those patients
requiring rescue IABC had a significantly higher
BCIS-1 Jeopardy Score than those not requiring
salvage in the no planned IABP group (Jeopardy
Score: 11.2 vs 10.2; p = 0.02) further emphasiz-
ing the potential need for provisional hemody-
namic support in those at the extreme end of the
risk spectrum.

The CRISP AMI trial was a prospective,
multicenter, open, randomized controlled trial
undertaken to determine whether prophylactic
IABP insertion within 6 h of pain onset and
planned primary PCI for acute anterior STEMI
(without CS) was able to reduce infarct size, as
measured by cardiac MRI between 3 and 5 days
postintervention, when compared with standard
care [34]. As with BCIS-1, the insertion of an
IABP in the primary PCI alone group was at
the operator’s discretion for indications such as
persistent hypotension or overt CS, malignant
arrhythmias, or acute MI complications such as
mitral regurgitation or ventricular septal defect.
Of note, 15 (8.5%) patients initially receiving
standard care crossed over to receive [ABC.

By subtracting average times from symptom
onset to the insertion of first device, it took less
than 10 min more to insert the IABP when both
groups were compared and so was unlikely to
hamper any gains made by IABP insertion.
The overall primary efficacy measure of mean
infarct size in all patients was not significantly
different between the two groups. Secondary
cardiac magnetic resonance measures such as
mean LVEF and LV systolic volume were also
similar between the two groups. There were no
significant differences in terms of major bleed-
ing/transfusion or major vascular complications
in the two groups. By 6 months, mortality rates
along with the composite end point of death,
recurrent M1, or new or worsening heart failure
had not diverged. The investigators postulate
that mean ischemic times (time between symp-
tom onset to first device application) of just
over 3 h may have been outside a therapeutic
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Absolute contraindications

Hemodynamically significant aortic incompetence

— There is no consensus as to what degree of aortic regurgitation constitutes an

absolute cut-off

— Diastolic augmentation can exacerbate the amount of regurgitation,

potentially leading to left ventricular dilatation and attenuation of myocardial

performance
Suspected or known aortic dissection

— Implantation of the balloon in the false lumen could lead to extension of the

dissection and/or aortic rupture

Relative contraindications
Aortic aneurysm

Severe bilateral ileofemoral-peripheral arterial disease

— Bilateral femoral-popliteal bypass grafts
— lliac arterial stents

— Prosthetic ileofemoral grafts

Bleeding diathesis

Significant thrombocytopenia
Contraindication to systemic anticoagulation
Ongoing septicemia

window in which significant myocardial sal-
vage could occur [34]. This is in contrast to the
results of a randomized trial conducted by the
BRAVE-2 investigators, in which left ventricular
infarct size (as measured by single-photon emis-
sion computed tomography) was significantly
reduced by an early invasive strategy of coronary
stenting and use of abciximab in patients with
acute STEMI, despite presenting 12—48 h after
symptom onset [35]. Much like BCIS-1, CRISP
AMI was one of the largest randomized trials of
elective IABP use conducted to date. The inter-
vention, albeit in a high-risk cohort outside of
the recognized class I indication of CS, did not
however translate into improved outcomes. The
8.5% crossover of patients to IABC does, how-
ever, signal the propensity of these patients to
succumb to hemodynamic collapse and therefore
provides further credence to the need for standby
mechanical circulatory assistance.

Meta-analyses

The meta-analysis of IABP therapy for STEMI
with or without CS conducted by Sjauw et /.
has been used by both the ESC/EACTS [22] and
ACCF/AHA/SCAL [23] to support their most
recent class I reccommendation for IABC in this
high-risk clinical scenario [3¢]. Since there is a
distinct paucity of randomized trial data directly
examining IABP use in STEMI with CS, the
investigators performed two meta-analyses, the
first covering a total of seven randomized tri-
als (n = 1009) and the second including nine
cohort studies (n = 10,529). In the former, [ABP
support in STEMI was not associated with a
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Refractory unstable angina |n = 551 6.4%

Preoperative for high-risk surgery |[n = 616 7.3%

Intraoperative support during surgery [n =26 7.7%

Support for high-risk catheterization/PCl |n = 1495

Other, or indication not recorded [n = 79
Refractory ventricular arrthythmias [n = 72

Refractory left ventricular failure {n = 250

Mechanical complication of AMI |n = 642

Weaning from cardiopulmonary bypass [n = 266

Cardiogenic shock |n = 1498
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18.1%
19.0%
21.2%
22.4%
25.9%
38.7%
T T T T 1
0 10 20 30 40 50

%

Figure 10. In-hospital mortality of 5495 patients with acute myocardial infarction requiring
intra-aortic balloon pump counterpulsation, stratified by principal usage indication from

the Benchmark Registry.

AMI: Acute myocardial infarction; PCI: Percutaneous coronary intervention.

Reproduced with permission from [28].

reduction in 30-day mortality or improvement
in LVEF at follow-up. To its detriment, IABP
was also associated with an increased stroke rate
of 2% and bleeding rate of 6% with no differ-
ence in overall results when analyzed according
to revascularization strategy (i.e., thrombolysis
vs primary PCI) adopted. In the latter analysis,
there was a divergence in outcomes according
to type of reperfusion. IABP support in the
context of thrombolysis was shown to stimu-
late an absolute decrease in 30-day mortality of
18% (p < 0.0001), echoing the results of the
NRMI-2 registry described above, whereas pri-
mary PCI and IABP caused a significant increase
in 30-day mortality of 6% (p = 0.0008). The
perceived benefit of IABP use in thrombolyzed
patients should be taken with a note of caution
as patients in this group tended to be younger,
male and were more likely to undergo subse-
quent revascularization [36]. We should also be
aware that all observational data are prone to
varying degrees of bias and confounding and
that, ultimately, a meta-analysis can only be as
good as the sum of its parts.

A more recent meta-analysis performed by
Bahekar e# al. also confirms much of what we
already know [37]. The authors identified 16
(13 prospective and three retrospective) studies

(n=11,778) that compared IABC with no IABC

Interv. Cardiol. (2012) 4(2)

in the management of acute M1, with or with-
out CS. They found no difference in in-hospital
mortality in the management of STEMI with or
without CS between those who received IABP
support and those who did not (p = 0.67). When
the analysis was limited to those with STEMI
complicated by CS, a significantly improved out-
come was noted in those receiving IABP sup-
port (p < 0.0004) although much of the benefit
gained was in the thrombolysis era. In terms
of safety parameters, IABP insertion was also
associated with an increased incidence of moder-
ate (p = 0.04) and major (p < 0.0001)bleeding,
although the investigators make a point of high-
lighting the heterogeneity of bleeding definitions
between studies.

Future perspective

To answer the question ‘is counterpulsation
counterproductive in high-risk PCI?” we must
first bear in mind what high risk actually means.
The term high risk in the context of coronary
revascularization clearly represents a spectrum of
factors: anatomical, hemodynamic and clinical,
that can interact to cause periprocedural, short-,
medium- and long-term MACCE. For instance,
a patient about to undergo elective unprotected
LMCA PCI, who is comfortable at rest with no
evidence of ongoing ischemia is still deemed high
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risk and still vulnerable to the same set of adverse
sequelae as a patient with an acute STEMI sec-
ondary to total occlusion of the proximal left
anterior descending artery presenting in CS.
Although not listed in Box 1, we must also pay
due care and diligence to a patient’s renal func-
tion, comorbidities (especially diabetes), degree
of ‘“frailty’, BMI, surface area and gender when
formulating an intervention strategy for their
CAD. The ACCF/AHA/SCAI guideline writ-
ing committee should be commended on docu-
menting what they regard as high-risk features
for PCI [23]. They have attached certain caveats
on the use of hemodynamic support devices in
such scenarios, and although we must remem-
ber this statement is effectively the opinion of a
group of experts, it is a fundamental first step
in establishing a degree of uniformity between
future trials of high-risk PCI, so that researchers,
policy makers and clinicians alike can compare
outcomes of a specific intervention with a certain
degree of scientific and statistical reassurance.
It seems reasonable that IABC be imple-
mented in the context of pre-existing hemo-
dynamic compromise. Both the European and
US guidelines attach class I recommendations for
the use of IABC in STEMI patients with CS and
we see no reason why this should be contested,
although the available evidence is not entirely
incontrovertible. The SHOCK trial [30] and its
Registry [26] were not resoundingly proscriptive
on the use of IABC in CS, and indeed were not a
direct investigation of counterpulsation anyway,
but they do provide robust evidence on the need
for an early revascularization strategy in this
patient subset. The landmark meta-analysis by
Sjauw et al. did not show a clear survival advan-
tage or improvement in LVEF for IABC in CS,
but was prevented from making completely iron-
clad statements on the subject matter by the type
and quality of data available [36]. And herein lies
the problem. Symptomatic of all trials of CS,
enrollment is extremely difficult and much of
the data we already have is either conflicting or
predates significant advancements in primary
PCI, such as aspiration thrombectomy and
the constantly evolving pharmacotherapeutic
armamentarium. It does, however, seem per-
fectly intuitive to use a PCAD that has been in
evolution for the past four decades, is safe and
easy to implant and has reliable hemodynamic
data to support its use in this particular high-risk
scenario. As with any mechanical intervention,
familiarity and accrued clinical experience is of
paramount importance. Chen ez a/. highlighted
this in their analysis of the NRMI-2 data [38].

Interv. Cardiol. (2012) 4(2)

Of those patients presenting with acute MI and
CS, IABP placement in high-IABP volume cent-
ers was associated with a significantly lower rate
of mortality when compared with low-IABP
volume centers (odds ratio: 0.71, 95% CI:
0.56-0.90). However, this contradicts the most
recent CathPCl registry analysis conducted by a
group from Yale University School of Medicine,
which found no association between in-hospital
mortality and frequency of IABP use [29]. The
IABP-SHOCKII (ClinicalTrials.gov Identifier:
NCT00491036) trial is currently looking to
resolve this issue by recruiting 600 patients with
acute MI and CS and randomizing them to PCI
plus IABP versus PCI alone [101]. The results are
eagerly awaited.

The case of elective IABC in hemo-
dynamically stable high-risk PCI is perhaps
more clear-cut. There is currently no evidence to
advocate prophylactic IABP insertion, although
this statement is based on evidence gleaned
from the sum total of 886 patients, a signifi-
cant minority of whom formed part of a ret-
rospective series [33,34,39.40]. Alchough both the
BCIS-1 and CRISP AMI investigators deserve
huge credit for well-constructed trials, both were
woefully underpowered to detect differences in
mortality, and a mortality advantage is often the
only commodity that forces clinicians to stand
up and take note. This is especially the case in
the counterpulsation arena, in which uptake of
the device for even well established indications
such as CS and acute MI complications remains
at 10-30% despite class I recommendations.
The significant proportion of patients crossing
over to rescue IABC, seen in both BCIS-1 and
CRISP AMI, does indicate a subset of patients
at the extreme end of the risk spectrum that
could benefit from elective IABC. Future trials
should aim to identify such patients and would
be well advised to use the SYNTAX Score [41],
a better-validated marker of myocardium at
risk, in place of the Duke or BCIS-1 Jeopardy
Scores. Should we go as far as to say counter-
pulsation is counterproductive in this context?
No we should not. Furthermore, we suggest
that provisional or standby IABP is a preferred
option to rescue or bailout IABP in patients with
a strong susceptibility to rapid hemodynamic
decline. To have the contralateral groin prepped
prior to intervention and the IABP equipment
readied for use takes no time at all and could
save valuable minutes during a periprocedural
emergency.

The future of IABC cannot, however, be
taken in isolation. It must be analyzed in the
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context of other PCADs available for in-human
use, namely the Impella Recover LP and the
TandemHeart devices. Although a thorough
review of these devices is beyond the scope of
this article, their performance in comparison
with IABC should be noted.

The use of the Impella device in high-risk PCI
has been shown to be both safe and feasible with
demonstrable improvements in cardiac index
and overall LVEF [42-45]. It is able to augment
cardiac output by up to 2.5-5 I/min (depending
on the size of device), does not require a stable

The intra-aortic balloon pump in high-risk PCI

cardiac rhythm or output to function (unlike
the IABP) and is relatively easy to insert. The
ISAR-SHOCK study randomized 25 patients
with CS secondary to acute MI to IABP (n = 13)
or Impella LP 2.5 (n = 12) implanted after revas-
cularization therapy [46]. The Impella achieved
a significantly greater increase in cardiac index
but this did not translate in to improved 30-day
mortality. There were nonsignificant trends
towards greater requirements for packed red
blood cells and fresh frozen plasma for the
Impella group, in which the degree of hemolysis

How do we define high-risk percutaneous coronary intervention?

There is no universally accepted definition of what constitutes high-risk percutaneous coronary intervention (PCI). All patients falling
into this category, however, share an inability to withstand the hemodynamic sequelae of arrhythmias and even transient periods of
ischemia-reperfusion.

High-risk PCl represents a spectrum of factors: anatomical, hemodynamic and clinical, that can interact to cause periprocedural, short-,
medium- and long-term major adverse cardiac and cerebrovascular events.

The diastolic augmentation of coronary perfusion

The intra-aortic balloon pump (IABP) constitutes a mechanical adjunct that conveys an attractive physiological means of diastolic
augmentation, reducing end diastolic pressure and improving coronary perfusion. The introduction of larger counterpulsation balloons
will also help to stimulate greater blood volume displacement resulting in more diastolic augmentation and systolic unloading.
Intra-aortic counterpulsation: a physiologist’s perspective

Intra-aortic balloon counterpulsation (IABC) is familiar to the majority of catheterization laboratories throughout the world; has a
relatively low acquisition cost; is easy to implant and, if used diligently and in the correct patient subtype, is associated with a significant
but reassuringly low incidence of directly attributable complications.

Furthermore, contemporary IABP systems require minimal technical support, and automated algorithm advancements now allow for
seamless adjustment to changing patient and environmental factors. The introduction of fiber-optic technology in current IAB catheters
will also help to facilitate much faster set-up times.

A low-risk therapeutic option in a high-risk patient cohort

Significant independent predictors of major complications directly attributable to IABP insertion are: female gender, peripheral vascular
disease, small body surface area (<1.65 m?) and age >75 years.

The ESC/EACTS 2010 revascularization guidelines recommend the use of IABC at a class |, level of evidence C, in patients with
hemodynamic instability following acute myocardial infarction.

The American College of Cardiology Foundation/American Heart Association (ACCF/AHA) Task Force on Practice Guidelines and the
Society for Cardiovascular Angiography and Interventions (SCAI; 2011) have also assigned a class | level of evidence B recommendation
on the use of IABC in ST-elevation myocardial infarction patients presenting with cardiogenic shock refractory to pharmacological
therapy.

The ACCF/AHA/SCAI have gone a step further and defined high-risk coronary intervention as: PCl to an unprotected left main coronary
artery or last remaining conduit; PCl to a vessel supplying a significant area of myocardium in a patient with severely depressed left
ventricular function; and/or PCl in those patients in cardiogenic shock. Under such circumstances the elective use of IABC carries a
class b, level of evidence C recommendation.

The evidence for IABC in high-risk PCI

Despite these guidelines, registry data indicate significant under-utilization of IABC, even in class I-recommended high-risk PCl scenarios,
leading many to label the use of IABC as ‘discretionary’ and prone to widespread variation.

The elective/prophylactic use of IABC precoronary intervention can only be recommended for those acute Ml patients presenting with
hemodynamic instability.

There is no evidence to recommend the elective/prophylactic use of IABC in high-risk PCI not complicated by hemodynamic instability. It
seems intuitive, however, to recommend standby/provisional IABC in this setting.

Future perspective

Both the Impella® and TandemHeart® devices have been shown to promote significantly greater degrees of circulatory augmentation
when compared with the IABP, but this has so far not translated in to improved clinical outcomes.

Both the Impella and TandemHeart devices are high profile and are therefore prone to more bleeding and vascular complications when
compared with the IABP.

We thoroughly recommend the availability of IABC in every catheterization laboratory performing emergent or planned high-risk PCI
and predict that the IABP will be ever present for the foreseeable future.
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was also significantly greater in the first 24 h.
Lest we forget the Impella is a high profile device
with 13 F access required for the LP 2.5 and 21 F
access required for the LP 5.

Furthermore the PROTECT II Trial
(ClinicalTrials.gov Identifier NCT00562016),
a large prospective, multicenter randomized
controlled trial of IABP versus Impella in non-
emergent high-risk PCI has been terminated
for futility in reaching the primary end point
of 30-day adverse events having recruited
305 patients between October 2007 and
December 2010 [102]. Indeed a retrospective
study of prophylactic IABC in elective high-risk
PCI undertaken by Syed ez al. had preempted
the study termination by concluding that the
PROTECT II trial would have had to recruit
908 patients to demonstrate superiority for the
Impella device [47].

The TandemHeart device can augment car-
diac output by up to 5 I/min. It is, however,
yet another high-profile system that requires a
transeptal puncture and placement of a 17 F left
atrial cannula via a 21 F femoral venous sheath.
Blood is returned to the body viaa 15-17 F arte-
rial perfusion catheter via the femoral artery. As
a consequence, critical limb ischemia, bleeding
and vascular complications are a major concern.
This was borne out in a randomized compari-
son of IABC (n = 20) versus the TandemHeart
device (n = 21) in patients revascularized for
acute MI complicated by CS [48]. Although the
TandemHeart device improved hemodynamic
and metabolic variables more effectively, this
did not translate into a better 30-day mortality.
Furthermore, severe bleeding and limb ischemia

occurred more frequently with the ventricular
assist device.

A meta-analysis by Cheng ez al. (49 encompass-
ing the trials by Thiele ez 4/. 48], ISAR-SHOCK [46]
and a trial by Burkhoff ez /. 50) compared IABC
with both the Impella and TandemHeart devices.
As expected the ventricular assist devices produced
a higher cardiac index, mean arterial pressure and
lower pulmonary capillary wedge pressure when
compared with IABC. However, there were simi-
lar 30-day mortality rates for all three. There were
also similar rates of limb ischemia but bleeding
was found to occur significantly more often with
the TandemHeart device.

It is clear, therefore, that adequately powered
comparative trials between all three devices in the
context of both acute MI complicated by CS and
in nonemergent high-risk PCI are required in the
future. In the meantime, advancements in IABP
development have seen the release of lower profile
devices, fiber optic technology and larger 50 cc
balloons that offer greater diastolic augmentation
and improved unloading. We therefore predict,
with some degree of certainty, that the TABP will
be around for the foreseeable future.
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