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Intra-aortic balloon

counterpulsation in the CCU

By GEOFF PULEY, MD and STUART J. HUTCHISON, MD

For the treatment of a variety of conditions seen in the CCU, intra-aortic balloon
counterpulsation (IABC) is an effective intervention. IABC reduces left myocardial oxy-
gen demand and may improve supply, and may thereby alleviate refractory myocardial
ischemia. IABC may also been viewed as a pulsatile left ventricular hemodynamic assist
device that augments arterial blood pressure and cardiac output. These beneficial effects
are achieved with relatively infrequent serious complications. Mounting evidence from
clinical trials supports the notion that the aggressive use of IABC in a number of settings
results in improved patient outcomes.

Historical details

In 1958, the American cardiovascular surgeon, Dr. D. Harken, first proposed an extracorpo-
real pump to support the failing left ventricle.' His idea was to remove blood from the femoral
artery during systole and to replace it rapidly during diastole. This concept was later modified
at the Cleveland Clinic by Dr. S. Moulopoulos who, in 1962, demonstrated that the same
hemodynamic effect could be achieved by the placement of an intravascular balloon into the
aorta, whose inflation and deflation were timed to the cardiac cycle.” The first successful clinical
application of balloon counterpulsation was reported by Dr. A. Kantrowitz in a patient with
cardiogenic shock in 1968.° However, insertion of the intra-aortic balloon required a surgical
procedure until 1980 when Bregman and Casarella described percutaneous insertion using a
sheath and dilators.*

The design and function of the intra-aortic balloon have not changed substantially over the
past 20 years. Today, the intra-aortic balloon is an intravascular, catheter-mounted counterpulsa-
tion device with a balloon volume between 30 and 50 ml.

Triggering of the IABC

After inserting the IAB in the descending aorta with its tip at the distal aortic arch (below the
origin of the left subclavian artery), the balloon is connected to a drive console. The console
itself consists of a pressurized gas reservoir, a monitor for ECG and pressure wave recording, and
controls for adjustment of inflation/deflation timing. The gases used for inflation are either heli-
um or carbon dioxide. The advantage of helium is its lower density and therefore, a better rapid
diffusion coefficient, whereas carbon dioxide dissolves easily in blood and thereby reduces the
potential consequences of gas embolization following a balloon rupture. Inflation and deflation
are synchronized to the patients' cardiac cycle. Inflation at the onset of diastole results in proxi-
mal and distal displacement of blood volume in the aorta. Deflation occurs just prior to the onset
of systole (Figure 1).

Physiologic effect of balloon counterpulsation - Hemodynamics

The primary goals of [ABC treatment are to decrease the work of the left ventricle
through afterload reduction, as well as to increase myocardial oxygen supply and decrease
myocardial oxygen demand. Secondarily, [ABC improves hemodynamic indices (increases
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Figure 1: Placement and timing of the intra-
aortic balloon pump. Inflation in diastole dis-
places blood proximally and distally in the
aorta. Deflation at the onset of systole results
in unloading the left ventricle.
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ejection fraction and cardiac output, and decreases pul-
monary capillary wedge pressure and systemic vascular
resistance).

Systolic wall tension is a major determinant of
myocardial oxygen demand. Wall tension itself is affect-
ed by intraventricular pressure, afterload, end-diastolic
volume and myocardial wall thickness. The area under
the left ventricular pressure curve (the Tension-Time
Index - TTI) is an important descriptor of myocardial
oxygen consumption. Similarly, the integrated pressure
difference between the aorta and the left ventricle during
diastole (DPTI = diastolic pressure-time index) is a deter-
minant and a descriptor of myocardial oxygen supply.
Inflation of an intra-aortic balloon during diastole aug-
ments the aortic diastolic pressure and increases the gra-
dient for coronary blood flow (DPTI). Deflation of the
balloon at the onset of systole reduces impedance to left
ventricular pressure and reduces systolic blood pressure
and the TTI. As a result, the DPTL.TTI ratio is favourably
increased (Figure 2).

The favorable reduction of left ventricular afterload
will increase the cardiac index by 0.6-0.8 I/min/m’ in
most patients. Factors that may impair achieving the
maximal benefit from IABC include rapid and irregular
heart rhythms, excessive tachycardia, and low volume
in the aorta.

Figure 2: The effect of IABC on coronary
blood flow and the myocardial oxygen sup-
ply:demand ratio. TTI = Tension Time Index.
DPTI = Diastolic Pressure Time Index.
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Physiologic effect of IABC —

coronary blood flow

The increase in aortic root diastolic pressure achieved
with inflation of the intra-aortic balloon increases coro-
nary artery flow (Figure 3). The degree of flow augmenta-
tion is variable and depends on a patient’s baseline hemo-
dynamics. Studies by Zehetgruber, in which critically ill
patients with balloon pumps in situ underwent trans-
esophageal Doppler echocardiography to measure
increased coronary blood flow in the proximal left anterior
descending artery, demonstrated that patients with the
lowest baseline aortic pressures and cardiac outputs
achieved the greatest relative increase in coronary flow
with counterpulsation.” Coronary flow increased by
>100% in patients with the worst baseline hemodynamics,
and there was no significant increase in coronary blood
flow among patients with normal cardiac output.

Importantly, the observations of Zehetgruber were
made only in the left anterior descending artery proximal
to any hemodynamically significant stenosis. Controversy
has existed surrounding the ability of [ABC to increase
coronary blood flow beyond stenosis, and hence result in
increased perfusion of ischemic myocardium. Kern and
colleagues passed small Doppler-tipped wires across tight
coronary lesions and measured IABC augmented flow.*
Despite significantly augmented flow proximal to such
stenoses, there was no significant augmentation distally.
An augmentation response to [ABC was seen only after
angioplasty of the culprit lesion. Similar findings were
reported by Gurbel and colleagues who eliminated the
potential confounding presence of a wire passed through a
tight lesion (potentially impairing pressure transmission
and flow across the stenosis) by measuring coronary flow
with an epicardially placed Doppler probe in an open-
chest dog model after the creation of a critical stenosis’
(Figure 4).

An important exception to this has been demonstrated
in the presence of left main, or left main-equivalent steno-
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Figure 3: Coronary artery flow (velocity) recording from a female patient in profound cardiogenic shock
from fulminant myocarditis. Figure 3a depicts, using colour Doppler flow-mapping (from TEE), flow in
the first 2 cm of the proximal LAD. The left circumflex had a separate ostium (confirmed at angiogra-
phy). Spectral flow recordings (Figures 3b and 3c) demonstrate augmentation of velocity with IABC aug-
mentation (“A") vs native beats (“N"”) with 1:2 augmentation (Figure 2b) and 1:3 augmentation (Figure
3c). The same pattern was seen in the left circumflex and right coronary arteries.
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sis. Hutchison and colleagues repeated measurements sim-
ilar to those of Zehetgruber and found that IABC resulted
in significantly increased coronary flow beyond such
stenoses.’ Possible explanations for this observation
include the absence of non-obstructed branch vessels
proximal to the stenosis, thereby eliminating preferential
“run-off" of pressure and flow through branch vessels, and
achieving pressure and flow augmentation distal to the
LMS stenosis and into the ischemic myocardium. Another
aspect of this study that may explain why IABC was seen
to augment flow distal to LMS lesions was that the patients
studied were ischemic in their anterior walls. Myocardial
ischemia eliminates coronary autoregulation, and results in
a direct pressure-flow relationship. Therefore, augmenta-
tion of proximal aortic pressure and proximal coronary
artery pressure by IABC, results in an increase in myocar-

Figure 4: Figure 4a depicts IABC observed flow
augmentation in the distal LMCA and LAD as
has been observed with TEE recordings in
patients with LMCA lesion-generated anterior
wall ischemia. A potential explantion as to why
flow augmentation has not been observed in
many studies of IABC and its effect on myocar-
dial flow is that in the majority of such studies,
the lesion is located after branch vessels that
may “vent” the augmentation effect (4b).

Left main or

Left main or
IABC1 “left main

IABC “left main
equivalent” equivalent”
LMCA stenosis LMCA stenosis
LCx

LAD = left anterior descending artery
LMCA = Left main coronary artery

LCx = Left circumflex artery

dial perfusion in an ischemic territory. In the majority of
all other studies of coronary flow observations and
myocardial flow, the myocardial bed was non-ischemic,
and therefore, less likely to have a passive pressure-flow
relationship, and to achieve myocardial flow augmentation
with aortic pressure augmentation from [ABC or, for exam-
ple, from vasopressors (Figure 5).

Despite the controversy surrounding the effects on
coronary flow to ischemic myocardium, the significant
improvement in myocardial oxygen demand achieved pri-
marily through afterload reduction makes IABC a useful
intervention in the setting of ischemia.

Indications, contraindications
and complications

Table 1 summarizes the indications and contraindica-
tions for [JABC use. The complication rate associated
with IABC ranges from 12%°-30%"" in reported series. In
the largest prospective study published," major compli-
cations occurred in 15% of patients. Death occurred in
0.5% and was due to systemic emboli, stroke, or aortic

Table 1: Indications and contraindications
for IABC.

Absolute
contraindications

Indications

Cardiogenic shock

Mechanical complications of Severe aortic insufficiency
AMI Aortic dissection

Refractory angina
Thrombolytic therapy for

AMI Relative

PCl for AMI contraindications
Ischemic ventricular Abdominal aortic
arrhythmias aneurysm

Weaning from Severe peripheral vascular
cardiopulmonary bypass disease

Bridge to cardiac
transplantation

High risk PCl
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pressure may lead to augmentation of flow.

Figure 5: Figure 5a depicts coronary flow autoregulation. Autoregulation maintains myocardial
blood flow at a physiologically desirable range across a range of blood pressure (perfusion
pressure). Autoregulation is achieved across a substantial range of arterial pressure, but cannot
be maintained at very high levels or very low levels of artrial pressure. Autoregulation is affect-
ed by the coronary resistence bed which has a “set-point” in the mid-range of normal arterial
pressure. To maintain myocardial perfusion as arterial pressure falls, recruitment of vasodilatory
pathways leads to microvascular vasodilation, and maintains perfusion despite a lower driving
pressure. Conversely, as arterial pressure rises, withdrawal of resting vasodilatory pathway
activity leads to resistance vessel contraction, and avoidance of tissue hyperemia, despite ele-
vated arterial pressure. Figure 5b demonstrates the loss of the autoregulation effect in the pres-
ence of myocardial ischemia, which leads to maximal resistance vessel vasodilation, and there-
fore a linear relationship of coronary flow to arterial pressure. Hence, augmentation of native
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rupture. Major bleeding (requiring transfusion
and/or surgery) occurred in 5% and ischemia
(requiring surgery or amputation) in 3%.
Independent risk factors for major complications
were the presence of peripheral vascular disease,
female sex, and low body surface area. Other studies
have additionally demonstrated diabetes and longer
balloon duration to be predictors of complications.’

The issue of peripheral vascular disease

(PVD) and IABC

The most regularly problematic context is
iliofemoral artery:catheter size mismatch, and leg
ischemia on that basis. Advanced PVD and small
body size are problematic. As catheter/sheath designs
progressively improve (made smaller), leg ischemia
will likely be less of a problem, but will no doubt
remain an issue in the smallest patients and in those
with advanced PVD.

In some patients with an obstructed iliofemoral
artery, the IAB may be surgically inserted through an
abdominal approach or through a sternal approach.
This is seldom performed outside of primary intention
open-heart surgery as an LV assist in the immediate
post-operative period. The presence of an abdominal
aortic aneurysm (AAA) is not an absolute contraindi-
cation to IABC; although the risks of IABC are likely
increased in this scenario. As >95% of AAAs are infra-

renal, the IAB is usually above the AAA. However, dis-
lodgement of an AAA mural thrombus during inser-
tion, iliofemoral disease concomitant with the AAA,
and concomitant advanced atheromatous disease of
the thoracic aorta will increase complications of IABC
in the context of AAAs.

IABC in acute myocardial
infarction reperfusion therapies

The increase in diastolic pressure and coronary
blood flow afforded by IABC is intuitively attractive
for increasing delivery of intravenously delivered fi-
brinolytic agents to a coronary thrombus. The deliv-
ery of fibrinolytic agents at normal arterial pressures is
believed to be important, as the diffusion of these
very large molecules into thrombus has been well
demonstrated in experimental preparations to depend
on pressure-diffusion. As well, clinical trials of fibri-
nolytic agents, which included only small numbers of
Killip Class [V patients, have failed to show evidence
of benefit from administration of these agents.

Animal studies have demonstrated that reperfu-
sion occurs up to three times faster in the presence of
aortic counterpulsation, but there is no reduction in
the rate of reocclusion.” Unfortunately, little clinical
data is available in humans. Kumbasar and colleagues
demonstrated increased achievement of TIMI-3 flow
and a trend toward reduced mortality associated with
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IABC in combination with streptokinase for acute
anterior infarction, compared with streptokinase
alone.” However, this was not randomized data. As
such, the role of IABC in fibrinolytic therapy in the
non-cardiogenic shock patient remains unproven.

More data are available on the role of IABC in
percutaneous coronary interventions (PCI). In a ran-
domized trial of IABC in patients with acute myocar-
dial infarction (AMI), Ohman and colleagues showed
that [ABC significantly reduced both the rate of late
reocclusion and the occurrence of a composite end-
point of death, myocardial infarction, or refractory
ischemia.” The author then concluded that IABC can
be combined with emergency percutaneous interven-
tion to improve patient outcome in AMI. However,
these data date back to the PCI era before stents and
glycoprotein [Ib/Illa inhibitors were in widespread
use. A more recent randomized trial by Van't Hof
showed no improvement in survival, reinfarction or
myocardial salvage associated with the use of [ABC in
high risk patients undergoing primary angioplasty for
AML.™ Additionally, the PAMI-II trial also demon-
strated that prophylactic [ABC does not favourably
alter outcome in high risk primary angioplasty.”

IABC in cardiogenic shock

Cardiogenic shock complicates approximately
7% of AMIs presenting to hospital. While mortality
remains extremely high at approximately 70%, signif-
icant improvements have been observed in survival

16

over the past two decades.” This is due in part to the
increasing aggressiveness of cardiologists in pursuing
early revascularization in the shock patient. IABC is
also being used with increasing frequency in this
patient population.

Two randomized trials from the pre-thrombolytic
era showed no significant benefit from IABC in car-
diogenic shock.”' Unfortunately, this has not been
readdressed in a randomized fashion in the new era of
therapeutics for AMI. However, retrospective studies
of large databases have supported the use of IABC in
this setting.

The GUSTO-1 trial,"” comparing four throm-
bolytic therapies in over 41,000 patients, enrolled
310 patients who were in cardiogenic shock at the
time of enrollment. Anderson and colleagues com-
pared the outcome of the 62 patients (20%) who
received IABC within 24 hours of enrollment with the
248 (80%) who did not.* Mortality at one year was
significantly lower in the group receiving early IABC,
prompting the authors to suggest that IABC is under-
utilized in patients presenting with cardiogenic
shock.

Similarly, retrospective analysis of the 856 patients
in the SHOCK trial® registry also support the early

use of JABC in cardiogenic shock. This trial random-
ized patients presenting to hospital with shock from
left ventricular failure due to AMI to a strategy of early
revascularization (within 6h of randomization) vs.
medical stabilization (with any revascularization
delayed at least 54 hours) and showed significant mor-
tality benefit at 6 months in the early revascularization
group. When Sanborn and colleagues compared the
outcome of patients according to whether or not they
were treated with [ABC, they found a 31% relative risk
reduction (22% absolute risk reduction) of death with
[ABC use.” However, it must be noted that IABC was
utilized much more commonly in patients randomized
to early revascularization. In such non-randomized
data, there is significant selection bias as to which
patients receive IABC, and as such, the independent
value of this therapy remains unproven. However, an
aggressive strategy of combining IABC with early
revascularization is of proven benefit.

What about the role of IABC in the community
hospital setting, where revascularization is not immedi-
ately available? Again, the lack of any randomized data
confounds an evidence-based answer to this question.
A single study of 335 patients retrospectively looked at
the rate of community hospital survival in patients with
AMI and cardiogenic shock according to whether or
not they received IABC combined with thrombolytic
therapy.” They found that a strategy of combining
IABC with revascularization resulted in significantly
greater survival to transfer (93% vs 37%, p=0.0002)
and ultimate revascularization (85% vs. 37%).

Completing a randomized trial to prove the utili-
ty of IABC in cardiogenic shock has proven to be an
insurmountable challenge thus far. TACTICS was to
be a large multicentre trial enrolling patients with car-
diogenic shock to thrombolysis plus IABC vs. throm-
bolysis alone. Unfortunately, Ohman and colleagues
informed the European Society of Cardiology meet-
ing this past August that they were able to enrol only
57 of a planned 500 patients and that the study was
discontinued due to poor recruitment.” This is likely
due both to the challenge of enrolling critically ill
patients as well as to a growing sentiment among car-
diologists that [ABC is indicated in this setting and
that withholding this therapy would be unethical.

Finally, IABC is commonly used for cardiogenic
shock due to mechanical complications of AMI, such
as ventricular septal rupture and acute mitral regurgi-
tation. In this setting, the hemodynamic support of
IABC serves only as a bridge to ultimate definitive
surgical therapy.

Summary

Intra-aortic balloon counterpulsation favourably
affects hemodynamics, myocardial performance, and

CARDIOLOGY Rounds



coronary blood flow. There is a significant rate of major
complications associated with I[ABC, but the benefits out-
weigh these risks in a number of clinical scenarios. While
there does not appear to be a role for IABC in percuta-
neous reperfusion interventions, its role in fibrinolytic
therapy, particularly in the community setting where PCI
is not available, is unclear but appears promising. This
therapy is most commonly used in the setting of cardio-
genic shock. While direct randomized data supporting the
benefit of IABC in this setting are lacking, such a study will
likely never be accomplished. The totality of the evidence
available to date supports aggressive IABC use combined
with early revascularization, and also suggests that this
strategy is currently underutilized.
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