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T

reatment with the intraaortic balloon pump (IABP) is the most
common form of mechanical support for the failing heart. The augmentation of diastolic pressure during balloon
inflation contributes to the coronary circulation. According to Christenson et al, 1
the presystolic deflation of the balloon reduces the resistance to systolic output.
Consequently, the myocardial work is reduced. The overall effect of the IABP
therapy is an increase in the myocardial
oxygen supply/demand ratio and thus in
endocardial viability.2
Development of the concept of the IABP
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Kantrowitz3 conceived of the idea of altering the temporal course of pressure events
during a cardiac cycle. An external impulse
was applied to the aorta by “wrapping” the
hemidiaphragm around the distal part of
the thoracic aorta. The “trained” muscle
would contract during each diastole. The
diastolic pressure showed a significant increase in comparison with control studies.
At the same time, other researchers4-6
used the femoral artery for the removal of
blood during systole and its restoration
during diastole. A haemodynamic effect
was observed, but a practical application
of the technique was not possible.
Moulopoulos et el7 performed studies
with an IABP. A latex balloon was tied
around the tip of a polyurethane catheter
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with multiple side holes. The distal end of
the catheter was blocked, so that the balloon could be inflated and deflated through
the side holes. The catheter and balloon
formed a closed system that was filled with
carbon dioxide. Periodically, using a piston
like effect, the carbon dioxide was expelled
so as to inflate the balloon. The pulse
length and delay after the R wave on the
ECG were preadjusted so that the latex
balloon would inflate during diastole and
remain deflated during systole. Testing
their pump on a canine aorta, the investigators concluded that it was possible to increase the diastolic blood flow in the arterial system and to reduce blood pressure at
the end of the diastolic phase.
In 1970 Mundth et al 8 reported the
case of a patient who suffered cardiogenic
shock following an infarction and was stabilised with an IABP. The patient subsequently underwent coronary reperfusion
and with the support of the pump survived. This was the first report, and the
IABP went on to find wider application,
including support of heart failure following surgical coronary reperfusion.
At the beginning of 1971 Krakauer et
al9 reported their experience from use of
the IABP in 30 cases who were treated for
cardiogenic shock due to acute myocardial
infarction. They concluded that the group
of patients who were given IABP support
in the early stages after the onset of the
shock had a significantly better prognosis.
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In 1973, two different groups 10,11 reported the
successful use of the IABP technique in patients who
could not be weaned from cardiopulmonary bypass.
This ushered in a new era in the perioperative care of
patients with ventricular dysfunction.
Continuing development led to the discovery of
percutaneous catheter introduction.12,13 This completely transformed the field of application of the
IABP, because of the potential proliferation in the indications for use of the device in different subgroups
of patients with advanced coronary artery disease,
who were not expected to be able to tolerate conventional medical manipulations (Figure 1).
Function of the IABP
Following the principle of counterpulsation, the
IABP is decompressed during systole, which coincides with the QRS-T interval (the R wave always
triggers deflation of the balloon). In this way balloon
inflation is prevented during cardiac systole. The
IABP is inflated during diastole, which corresponds
to the T-P interval (Figure 2).

mechanical point of view, inflation of the balloon
causes “volume displacement” resulting in a change
in the coronary circulation, with a redistribution of
blood flow and an alteration in oxygen consumption.16,17
Deflation of the balloon takes place at the end of
diastole, precisely at the start of isovolumic contraction. As a result, resistance to left ventricular output
is reduced, thus reducing afterload.18
Reduction in systolic pressure
If one compares the systolic pressures of non-augmented beats with those following beats augmented
by the IABP, one concludes that IABP therapy results
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Haemodynamic changes during IABP therapy (Table 1)
The cardiovascular effects of the IABP are due mainly to its effect on preload and afterload. 15 From a
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Figure 2. Haemodynamic function of the balloon. A: ECG. B, C:
Balloon deflation, corresponding to systole during the cardiac cycle, and inflation, corresponding to diastole. E: Aortic pressure
curve during balloon function.
Table 1. Haemodynamic effects of the intraaortic balloon pump.

Figure 1. Description of the circuit between the patient and the intraaortic balloon pump (IABP). The IABP console includes the following: 1) A gas cylinder (usually helium, which has a theoretical
advantage according to Hendrickx et al14); 2) a gas supply unit; 3) a
monitoring system for recording the ECG and blood pressure; 4) a
control unit that processes the ECG and generates a triggering signal. The latter unit is used for the timing of inflation and deflation
of the balloon via activation of the valve unit, either opening the
valve to supply gas or closing it to interrupt the gas flow.

Reduction in blood pressure
Fall in end-diastolic aortic pressure
Shortening of the isometric phase of left ventricular contraction
Reduction in left ventricular wall stress
Increase in left ventricular ejection fraction
Reduction of preload/afterload
Increase in DPTI/TTI ratio
Improvement of coronary flow
During haemorrhagic shock, an improvement in vasoregulatory
control of splanchnic blood flow
DPTI – diastolic pressure time index; TTI – tension time index
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in a reduction in systolic pressure of up to 10%,19,20
implying a reduction in afterload.
Fall in presystolic (end-diastolic) aortic pressure
During IABP therapy the end-diastolic aortic pressure is reduced by up to 30%, implying systolic unloading.

Reduction in preload
The left ventricular diastolic volume is reduced because of systolic unloading. Also, the relation between
the change in left ventricular diastolic pressure and
the change in left ventricular diastolic volume shows a
tendency towards lower values,27 which translates into
an improvement in left ventricular compliance.
IABP and myocardial oxygen supply and demand

Shortening of the isometric phase of left ventricular
contraction
During IABP function the aortic valve opens prematurely, thus shortening the isometric phase of left ventricular contraction. This interval is proportionally related with myocardial oxygen consumption.21
Reduction of left ventricular wall tension and rate of
increase in left ventricular pressure (dp/dt)
According to Urschel et al,22 the rate of increase in
left ventricular pressure is reduced by IABP therapy
by up to 20% in comparison with control values.
Effects on ejection fraction, cardiac output, and the
Frank-Starling law for the left ventricle
An increase in left ventricular ejection fraction has
been observed during IABP therapy.23 In addition,
there is an increase in cardiac output of between 0.5
and 1.0 L/min, or up to 30%.24,25 The Frank-Starling
curve is also affected by IAPB therapy.26 The curve is
displaced towards the left, indicating an improvement
in left ventricular function.

The effect of the IABP in improving myocardial oxygen supply may best be appreciated via an examination of the diastolic pressure time index (DPTI) and
the tension time index (TTI) (Figure 3).
The DPTI reflects the diastolic and subendocardial blood flow. It depends on the aortic diastolic
pressure, the left ventricular end-diastolic pressure,
and the duration of diastole. The DPTI is increased
by the IABP because of the increase in diastolic blood
pressure and the reduction in end-diastolic pressure.
The TTI corresponds to the region below the left
ventricular systolic pressure curve, which reflects myocardial oxygen demand. The TTI is reduced during
balloon deflation because of the reduction in systolic
blood pressure.
The ratio DPTI/TTI reflects the relation between
myocardial oxygen supply and consumption and is
called the endocardial viability ratio (EVR). The
maximum value of 1.0 is equivalent to a normal balance between oxygen supply and demand. An EVR
<0.7 suggests severe myocardial ischaemia.
Nanas et al28 and Bolooki et al29 reported that use
of the IABP resulted in an increase in EVR. The
EVR index is useful as a criterion for deciding on the

Figure 3. Effect of the intraaortic balloon
pump on myocardial oxygen supply
(DPTI) and demand (TTI). DPTI - diastolic pressure time index; TTI - tension
time index
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prompt use of the IABP method in cases of intraoperative heart failure.
IABP and perfusion of the coronary circulation
Dilatation of the balloon causes displacement of the
surrounding blood, increasing coronary perfusion via
an increase in diastolic pressure and in the diastolic
perfusion pressure gradient.30,31
There are a number of animal studies that evaluated the contribution of the IABP to myocardial perfusion. The results were varied. Kern et al32 reported that
in animals with normal systemic blood pressure the intraaortic pump reduced myocardial oxygen consumption without causing a significant change in the overall
coronary flow. In ischaemic animal models with low
systemic blood pressure, the myocardial oxygen consumption depended on coronary flow. The IABP
method had a small effect on the perfusion of myocardial regions supplied by obstructed coronary vessels.
Gewirtz et al33 concluded that during IABP therapy the blood flow peripheral to the stenosis remained unchanged.
McDonald et al34 found that the IABP caused an
increase in pre-stenotic as opposed to post-stenotic
flow.
However, Folland et al35 reported conflicting findings. They observed relief of symptoms of angina in a
population with coronary artery disease and severe
aortic disease and concluded that the improvement in
coronary flow must have been due to the IABP.
Ohman et al36 described IABP therapy as “artificial myoconservation”. The investigators concluded
that the action of the balloon stimulates the collateral
circulation in the region around the ischaemic core of
the myocardial lesion. Fuchs et al37 agreed that the
collateral circulation is strengthened during the increase in diastolic pressure. Kern et al38 measured the
intracoronary flow velocity during catheterisation in
12 patients who were undergoing IABP treatment,
recording the velocity time integral of diastolic flow.
The greatest increase was seen in patients with baseline systolic pressure <90 mmHg. The investigators
concluded that the IABP method increased the proximal coronary flow velocity via a doubling of the velocity time integral of diastolic flow.
During IABP therapy the end-diastolic pressure
is reduced. By Laplace’s Law, the fall in end-diastolic
pressure will reduce the wall stress caused before the
opening of the aortic valve, thus reducing myocardial
oxygen demand.

Akyurekli et al24 carried out a study in order to
determine the effects of IABP therapy on systolic unloading, independently of the increase in diastolic
pressure. This study involved using the pump in dogs
whose coronary arteries were perfused by an extracorporeal source. The perfusion pressure was reduced, causing acute heart failure. When the IABP
was applied, the systolic unloading (reduction in left
ventricular systolic pressure) was apparent under normotensive conditions, but not under hypotensive conditions (coronary perfusion pressure <80 mmHg).
During hypotension aortic compliance increases,
causing expansion of the aortic wall during balloon dilatation, so that there is no displacement of blood volume. Furthermore, at the instant of balloon deflation
aortic pressure is not reduced. Therefore, there is no
decrease in either static work or myocardial oxygen
consumption.
IABP and the peripheral circulation
Peripheral blood flow is determined by pressure, resistance, length, and internal friction. Balloon inflation during diastole increases blood pressure, with a
consequent increase in arteriovenous pressure gradient and an improvement in flow. Also, balloon inflation during diastole causes displacement of the stroke
volume, and hence activation of the aortic baroreceptors. This in turn blocks the medullary vasoconstrictive reflex. The peripheral resistance is reduced, thus
improving blood flow.
Landreneau et al 39 studied the effect of IABP
augmentation on splanchnic blood flow during prolonged haemorrhagic shock. They concluded that
during haemorrhagic shock the IABP appears to im-

Table 2. Variables that affect the increase in diastolic pressure.
Balloon position: the nearer to the aortic valve, the greater the increase in diastolic pressure.
Volume: when the balloon volume equals the stroke volume, augmentation of diastolic pressure is maximised.
Diameter and obstructive capability of the balloon: the greatest
possible increase is seen during complete aortic obstruction.
Optimal regulation of balloon gas flow and timing.
Stroke volume: if the stroke volume is <25 ml, no significant diastolic increase should be expected.
Blood pressure: the importance of aortic elasticity is shown by the
fact that aortic volume doubles when mean blood pressure increases from 30 mmHg to a normal 90 mmHg.
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prove the vasokinetic control of splanchnic blood
flow, eliminating the phenomenon of hyperaemic
reperfusion and thus resulting in less reperfusion injury.
The effects of the IABP on postoperative renal
function in humans were studied by Hilberman et
al,40 who showed a postoperative improvement in human renal perfusion during counterpulsation.
Swartz et al41 studied the effect of perirenal balloon placement on renal blood flow. They found a
mean reduction of 66% while the balloon was in the
renal site.
Table 2 shows the variables that influence the increase in diastolic pressure during balloon dilatation,
according to Weber and Janicki.15 The importance of
aortic elasticity was shown by Kantrowitz et al,42 who
reported that the balloon is restricted by the blood
volume contained within the aorta shortly before inflation, and that a further increase in the pump volume results only in swelling of the aorta and not in effective blood distribution.
Conclusions
An increase in the use of the IABP has been reported
by many groups43,44 and is due to its relative ease of placement via a percutaneous route, to the “freedom” of
the indications, as well as to the increasing age of the
population in recent years, which has led to a growth in
the number of elderly patients with multi-vessel disease
and a defective left ventricle.
To summarise, the use of the IABP is justified because an increase in diastolic pressure during balloon
inflation augments the coronary circulation. Furthermore, pre-systolic deflation of the balloon reduces
the resistance to systolic output; thus the myocardial
work decreases and the EVR increases.
The efficacy of the IABP is reflected by the positive outcome of the large number of patients who are
weaned from the device. The success rate is higher for
patients in whom the device is deployed early, reflecting the reversible nature of ischaemic pathology and
the positive contribution of the IABP to preventing the
cascade of complications of ischaemic heart disease.
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