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Pre-Inservice Self-Study
Introduction
The intra-aortic balloon was introduced to clinical practice in the late 1960's, primarily for patients in cardiogenic
shock. Since then many published reports have documented the efficacy of this mechanical assist device in an
expanded number of clinical situations.
The self-study guide is designed to provide the basic principles necessary to understand the theory of
counterpulsation and enhance learning in the classroom setting. Included in the guide are a pre- and post test,
glossary, and diagrams of assisted and unassisted arterial pressure waveforms.
Datascope is committed to providing quality support to its customers. We hope you find the self-study guide
useful.

Behavioral Objectives
Upon completion of the self-study the participant will be able to:
1.

Identify the five stages of the mechanical cardiac cycle and the resultant arterial waveform.

2.

Identify the origin of the coronary arteries.

3.

Identify the phase of the cardiac cycle when the majority of coronary artery perfusion occurs.

4.

Identify the phase of the cardiac cycle when the majority of myocardial oxygen is consumed.

5.

List the major determinants of myocardial oxygen supply and demand.

6.

List the two primary and immediate effects of intra-aortic balloon pumping.

7.

Identify the following changes in the arterial pressure waveform:
assisted systole, diastolic augmentation, assisted and unassisted aortic end diastolic pressure.

8.

Describe proper timing of the intra-aortic balloon pump.

9.

List three indications for intra-aortic balloon counterpulsation.

10. List two contraindications for intra-aortic balloon counterpulsation.
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Pre-Test
1.

2.

3.

4.

5.

The primary effects of intra-aortic balloon counterpulsation are:
a.

increased carotid perfusion and increased renal perfusion

b.

increased coronary perfusion and afterload reduction

c.

increased afterload and increased coronary perfusion

Proper positioning of the intra-aortic balloon is:
a.

below the renal arteries and above the right subclavian

b.

distal to the common carotid and above the diaphragm

c.

below the left subclavian and above the renal arteries

Inflation and deflation occur in concert with the cardiac cycle. Inflation should occur at:
a.

the dicrotic notch

b.

just prior to the opening of the aortic valve

c.

during peak augmentation

The phase of the cardiac cycle where the majority of myocardial oxygen is consumed is:
a.

the ventricular ejection

b.

isovolumetric contraction

c.

atrial systole

The phase of the cardiac cycle when the balloon is inflated is:
a.

systole

b.

diastole

True or False
6.

Isovolumetric relaxation is the beginning of diastole.

7.

Occlusion of the coronary arteries can lead to a medical crisis and be an indication for the intra-aortic balloon
pump.

8.

Papillary muscle rupture is a contraindication for the balloon pump

9.

Coronary arteries receive the majority of their flow during systole.
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10. Label the following:
a.

diastolic augmentation

b.

balloon inflation

c.

unassisted aortic end diastolic pressure

d.

assisted end diastolic pressure

e.

assisted systole

f.

unassisted systole

Pre-Test Answers
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

b
c
a
b
b
T
T
F
F
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Mechanics
The intra-aortic balloon pump is a cardiac assist device designed to increase coronary
perfusion and decrease myocardial oxygen consumption.
To understand the mechanics of intra-aortic balloon counterpulsation, it is first necessary to
review the anatomy and physiology of the heart with particular attention to the cardiac cycle,
coronary perfusion, myocardial oxygen consumption, and the events of left ventricular failure.
We will then show how counterpulsation of the balloon will increase myocardial oxygen supply
and decrease myocardial oxygen demands which will assist the failing heart.
The four chambers of the heart are connected by valves. The mitral valve connects the left
atrium to the left ventricle, and the tricuspid valve connects the right atrium and the right
ventricle. These two valves are known as the atrioventricular valves.
The two atrioventricular valves are the _____________ valve and the _____________ valve.
The ____________ valve is located between the left atrium and the left ventricle.

mitral
tricuspid
mitral

The ____________ valve is located between the right atrium and the right ventricle.

tricuspid

The semilunar valves are found between the ventricles and the major arteries. The aortic valve
is located between the left ventricle and the aorta, and the pulmonic valve is located between
the right ventricle and pulmonary artery.
The two semilunar valves are the _____________ valve and the _____________ valve.
The ____________ valve is located between the left ventricle and the aorta.
The _____________ valve is located between the right ventricle and the pulmonary artery.

aortic, pulmonic
aortic
pulmonic

All valves open and close in response to changes in pressure within the heart and circulation.
________________________________ cause valves to open and close.

Changes in pressure

A review of the events of the cardiac cycle will explain the valvular function.
When the pressure of the atria is higher than the pressure in the ventricles, the AV valves are
forced open and the atrial blood volume passively moves across the AV valves into the
ventricles. On the left side, the mitral valve opens to allow flow from the left atrium to the left
ventricle. On the right side, the tricuspid valve opens to allow flow from the right atrium into the
right ventricle. This is the stage of ventricular filling.
Atrial systole then begins. The atria contract in response to an impulse from the sino-atrial
node. This inscribes the P wave on the ECG. Atrial contraction accounts for an additional 20%30% on ventricular filling volume. This additional volume of blood causes ventricular pressure
to rise slightly.
During atrial systole, blood volume is forced through the _________ and the __________ valves
from the ____________ to the ____________.
The next stage in the cardiac cycle is ventricular systole and is divided into two phases during
which both ventricles contract.
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mitral, tricuspid
atria, ventricles

The first phase is isovolumetric contraction. During isovolumetric contraction, the ventricles
contract in response to an electrical impulse. The electrical impulse is seen as the QRS
complex on the ECG.
Immediately after ventricular contraction begins, the ventricular pressure rises abruptly causing
the AV valves to close. The volume of blood within the ventricles just prior to the closure of the
AV valves is ventricular preload.
With ventricular contraction, pressure in the ventricles will continue to rise. Because all cardiac
valves are closed during isovolumetric contraction, muscular contraction occurs without a
change in volume. Wall tension is created as the ventricles work to overcome the pressure or
resistance in the arterial circulation. The majority of myocardial oxygen consumption occurs
during isovolumetric contraction as the ventricle contracts against arterial resistance. The
resistance in the arterial circulation against which the ventricle must pump and the resultant LV
wall tension created during systole is afterload.
The first phase in ventricular systole is ______________________.
During isovolumetric contraction, pressure in the ventricles ____________ as the ventricles
work to overcome the pressure in the arterial circulation.
__________________ is the resistance or pressure in the arterial circulation against which the
ventricle must pump.

isovolumetric
contraction
increases

afterload

When the pressure in the ventricles exceeds the pressure or resistance in the circulation, the
semi-lunar valves open. Hence, on the left side of the heart, when the left ventricular pressure
exceeds the systemic pressure in the aorta, the aortic valve opens to allow ejection of left
ventricular volume into the aorta. When the right ventricle exceeds the pressure of the
pulmonary artery, the pulmonic valve opens to allow flow into the pulmonary circulation.
The ejection phase of the cardiac cycle has three stages: an initial slow ejection stage as the
pressure within the ventricle exceeds the pressure in the arterial system; a rapid ejection stage;
and a final slow ejection as the volume of blood being ejected from the ventricle decreases.
Ventricular ejection occurs when ______________ pressure exceeds _______________
pressure and the _______________________ open.

ventricular, arterial
semi-lunar valves

At the end of ventricular ejection, the ventricles begin to relax. As the pressure within the
ventricles drop below the systemic pressures - the arterial pressure on the left and the
pulmonic pressure on the right - the semi-lunar valves close. Isovolumetric relaxation begins
with the closure of the semi-lunar valves. This signifies the onset of ventricular diastole.
Ventricular systole ends and ventricular diastole begins when the ___________________
_____________________________.
The semi-lunar valves close when ____________________________ drops below systemic
pressure.
During isovolumetric relaxation, the ventricles continue to relax and the pressure inside the
ventricles drop. When ventricular pressure drops below the pressure in the atria, the
atrioventricular valves open, ventricular filling occurs and the cycle begins again.
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semi-lunar valves
close
ventricular pressure

The events of the cardiac cycle can be diagramed on pressure tracings. We will focus our
attention on the left side of the heart. See Figure 1. During atrial systole, when the atrium is
contracting, the left ventricle is filling with blood volume as the atrium squeezes its contents
through the mitral valve. With the increase in ventricular volume, there will be a slight increase
in pressure.
The ventricle then receives the electrical impulse to contract. As the ventricle begins to
contract, the pressure within the left ventricle rises rapidly. When the ventricular pressure
exceeds the atrial pressure the AV valves close.
The mitral valve closes when _____________________________________ exceeds
________________________________.

ventricular pressure
atrial pressure

Pressure within the left ventricle builds rapidly until it exceeds the pressure in the aorta. When
this happens the aortic valve is forced open and the blood is ejected into the aorta. The
pressure falls almost as precipitously as it rose. When it falls below the arterial pressure, the
aortic valve closes.
As the left ventricle relaxes, pressure falls further. When it drops below the pressure in the
atrium, the mitral valve opens and the cycle starts again.
Ventricular pressure falls as the ____________________________________ and the
_____________________________.

Figure 1
Ventricular Pressure
Waveform

Most of the pressure changes created by the cardiac cycle will also be reflected on the arterial
waveform. See Figure 2.
The arterial pressure tracing can be monitored from a central aortic line or from a peripheral
arterial line.
At the beginning of the cardiac cycle before ventricular contraction, the arterial pressure is at
the diastolic level. This pressure is determined by the elastic state and vascular resistance of
the arterial tree.
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ventricle empties
ventricle relaxes

As the ventricle contracts, its pressure quickly exceeds the arterial pressure. This pushes the
aortic valve open and blood flows into the aorta. Both the velocity and volume of the blood
rushing into the aorta raise the pressure of the arterial tree to its systolic level.
Arterial pressure decreases in conjunction with the fall-off in ejection of blood from the left
ventricle, however, it will not decrease below its diastolic level which is determined by the
arterial walls of the entire circulation. The arterial pressure levels off at the diastolic level while
the left ventricular pressure falls toward zero.
As soon as the left ventricular pressure falls below the arterial diastolic pressure, the aortic
valve closes. The abrupt closure of the aortic valve causes a brief displacement in the blood
column in the aorta which in turn causes a brief drop in pressure within the aorta. This drop is
seen on the arterial pressure tracing as the dicrotic notch. The dicrotic notch signifies the
beginning of ventricular diastole.
Figure 2
Arterial Pressure
Waveform

Arterial blood pressure can be monitored from a __________________ or a
__________________ arterial line.
During ventricular ejection, the ________________________ opens and as blood is ejected
pressure in the arterial circulation is _____________________________.
When the left ventricular pressure drops below arterial pressure the ________________ closes.
The _________________ is created by the abrupt closure of the aortic valve.
Two aspects of coronary artery anatomy should be reviewed to understand the theory of balloon
pumping. The coronary arteries originate from the aorta immediately above the aortic valve.
There are two coronary arteries that originate from the aorta. They are the left main coronary
artery that bifurcates into the left anterior descending coronary artery and the circumflex
coronary artery, and the right coronary artery.
Most of the blood flow into the coronary circulation takes place during diastole while the
ventricular muscle is in a relaxed state. Adequate diastolic pressure must be maintained to
ensure perfusion of coronary arteries. This will impact myocardial oxygen supply.
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central aortic
peripheral
aortic valve
raised to its systolic
level
aortic valve
dicrotic notch

In addition to the coronary arteries and diastolic pressure, heart rate can also have an impact
on coronary artery blood flow. An increase in heart rate will shorten diastolic time with each
beat and filling time for the coronary arteries will be reduced. This would compromise
myocardial oxygen supply.
The majority of coronary artery blood flow occurs during __________________.
The coronary arteries originate from the _________________ immediately above the
_________________________.
The ___________________, _____________________, and ___________________ can all affect
oxygen supply.

diastole
aorta
aortic valve
coronary arteries
diastolic pressure
heart rate

Myocardial oxygen supply must balance myocardial oxygen demands (or myocardial oxygen
consumption) to meet the metabolic requirements of the myocardium. Factors that can affect
oxygen demands are heart rate, afterload, preload and contractility.
An increase in heart rate will increase myocardial work and oxygen consumption. If afterload or
blood pressure is elevated, the workload of the ventricle will increase in order for the ventricle to
eject blood against the greater resistance. This increase in workload will increase oxygen
demands. An increase in contractility either alone or in response to an increase in preload
volume will result in a greater demand for oxygen by the myocardium.
_________________________, ____________________________,
_________________________, and ________________________ can all affect oxygen
demands.

preload, afterload
heart rate
contractility

If there is injury to the myocardium, a series of physiologic changes occur which will result in an
imbalance between myocardial oxygen supply and demand. With cardiac failure, cardiac
output falls which will reduce myocardial oxygen supply. In an attempt to compensate, preload,
afterload and heart rate increase. This will result in an increase in myocardial oxygen demands.
As the failure progresses a cycle develops whereby a greater imbalance between myocardial
oxygen supply and demand results in a further failure of the pumping action of the heart.
Myocardial oxygen supply will continue to decrease and myocardial oxygen demands will
continue to rise. Medical intervention is aimed at correcting the cause of the imbalance
between supply and demand. When the cardiac failure is refractory to medical intervention,
balloon counterpulsation may be the next step in treatment.
Correcting the cause of the imbalance between _________________________________ is the
goal in treatment of left ventricular failure.

Myocardial oxygen
supply and demand

Let us now describe what the balloon does. The intra-aortic balloon catheter consists of a
slender polyurethane balloon mounted on a catheter. The balloon catheter is inserted into the
patient’s aorta, either surgically or percutaneously by threading the balloon catheter up through
the femoral artery into the descending aorta. Percutaneous insertion of the balloon may be a
bedside procedure. The ideal position for the balloon is in the descending thoracic aorta, just
distal to the left subclavian artery.
The balloon catheter is usually inserted ____________________ through the
_________________.
The balloon is positioned in the _____________________________ distal to the
________________________________.
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percutaneously
femoral artery
descending thoracic
aorta
left subclavian artery

It is connected to a console that shuttles helium in and out of the balloon to inflate and deflate
the balloon in concert with the mechanical cardiac cycle. The balloon assists the heart in two
ways. It increases aortic pressure during diastole to augment coronary perfusion, and it
decreases aortic pressure during systole to lessen the work load on the left ventricle. This is
accomplished through inflation and deflation of the balloon. The balloon will be inflated during
diastole and deflated during systole.
During diastole, the balloon will be ___________________.

inflated

During systole, the balloon will be ___________________.

deflated

During diastole, when the left ventricle is relaxed and the coronary arteries are filling with
oxygenated blood, the balloon is timed to inflate. This increases the pressure pushing blood to
the coronary circulation, increasing the oxygen supply to the ischemic myocardium. This is
referred to as augmentation of aortic diastolic pressure or diastolic augmentation. Inflation of
the balloon augments or increases diastolic pressure.
Inflation of the balloon during ______________________ will __________________ diastolic
pressure. This will increase blood flow to the __________________________
and will increase _______________________________.

diastole, augment
coronary arteries
myocardial oxygen
supply

Just before the left ventricle contracts to pump blood forward, the balloon suddenly deflates.
This decreases the pressure against which the heart has to work, and subsequently, the systolic
wall tension of the ventricle, or the afterload. This reduction in pressure makes it easier for the
heart to empty and allows cardiac output to increase. This is reflected by a reduction in aortic
end-diastolic pressure and systolic pressure.
Deflation of the balloon just prior to __________________ will decrease
_______________________.

systole
aortic end diastolic
pressure

Decreasing the pressure against which the heart has to work will decrease
_______________________________________.

myocardial oxygen
demands

Through a combination of augmentation of aortic diastolic pressure and a decrease in aortic
end-diastolic pressure, afterload decreases, cardiac output increases, and blood circulation
through the coronary vessels increases.
The balloon pump must be timed accurately to allow full benefit to the patient. The balloon is
inflated throughout diastole. Diastole begins when the aortic valve closes and the left ventricle
relaxes. This is the period during the cardiac cycle when blood is not being pumped forward by
the heart. Having the balloon inflated at this time will not impede forward flow of blood. Closure
of the aortic valve is identified on the arterial pressure tracing by the dicrotic notch, the impact
on arterial pressure created by the closure of the aortic valve.
Inflation of the balloon is timed to occur at the dicrotic notch on the aortic pressure tracing.
See Figure 3.
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Figure 3
Balloon Inflation

As the balloon inflates, diastolic pressure is augmented, increasing coronary artery blood flow
and increasing myocardial oxygen supply. See Figure 4.
Figure 4
Diastolic Augmentation

The intra-aortic balloon will be timed to inflate at the _________________ which signifies the
onset of diastole and will remain inflated during __________________.
The balloon must be deflated before the aortic valve opens to allow forward flow of blood. The
most effective time for the balloon to deflate is immediately before the aortic valve opens.
Deflation decreases the aortic end-diastolic pressure. See Figure 5.
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dicrotic notch
diastole

Figure 5
Balloon Deflation

Deflation is timed, then, to occur just prior to the next systole. The precise timing of deflation
is found by observing the pressure tracings with the balloon in place. Proper timing of
deflation will result in a lower peak systolic pressure.
See Figure 6 for complete waveform alterations associated with inflation and deflation of the
balloon.
Figure 6
Alterations in Arterial
Waveform

The balloon is timed to deflate _____________________________.
Rapid deflation of the balloon will decrease ___________________.
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before the aortic
valve opens
afterload

Optimal timing of deflation will result in a ___________________________ pressure.

lower assisted systolic
pressure

In addition to the decrease in myocardial oxygen consumption associated with the decrease in
workload and the increase in myocardial oxygen supply due to the increase in coronary
perfusion, secondary effects associated with counterpulsation are: a decrease in heart rate,
and increase in cardiac output, a decrease in systemic vascular resistance (SVR), a decrease
in left ventricular end-diastolic pressure or PACWP and in increase in mean arterial pressure.
With an increase in mean arterial pressure, perfusion to all organ systems will be improved.
For example, as renal perfusion improves an increase in urine output may be noted. As
cerebral perfusion improves an improvement in the level of consciousness is usually seen.
Additional parameters to monitor to assess the effectiveness of balloon counterpulsation are:
_______________________________________________________
_______________________________________________________
_______________________________________________________
_______________________________________________________
_______________________________________________________
_______________________________________________________
_______________________________________________________
The balloon has been in clinical use since 1968 in hospitals throughout the world. It has had
significant impact on patient survival in the acute setting. Indications for balloon
counterpulsation include: cardiogenic shock, weaning from cardiopulmonary bypass,
mechanical complications of acute myocardial infarction such as papillary muscle rupture and
ventricular septal defect, and pre-infarction or post infarction unstable angina resistant to
medical therapy.
Contraindications to the balloon’s use are severe aortic insufficiency; abdominal or aortic
aneurysm; severe calcific aorta-iliac disease or peripheral vascular disease; and, severe
obesity, scarring of the groin or other contraindications to percutaneous insertion.
The availability of this mechanical assist device has greatly increased the contribution that
nurses and doctors can offer to patients with heart disease. The balloon allows patients to
survive acute insults until definitive treatment is able to be performed.
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heart rate
cardiac output
wedge pressure
SVR
mean arterial
pressure
urine output
level of
consciousness

POST TEST
1.

The intra-aortic balloon is usually inserted through the ____________________________.

2.

_______________________________ is defined as the volume and pressure inside the ventricle at the end of
diastole.

3.

_______________________________ is defined as resistance to flow or impedance to ejection.

4.

Proper timing of the intra-aortic balloon consists of balloon inflation at the ___________ and deflation
occurring prior to the next ________________________.

5.

The coronary arteries originate above the ________________________________ and receive the majority of
their flow during ____________________________.

6.

____________________ supply and ______________________ demand are the primary effects of intra-aortic
balloon counterpulsation.

7.

Which of the following are indications for the intra-aortic balloon?
a.

Cardiac support for high risk general surgery and coronary angiography/angioplasty patients.

b.

End stage cardiac disease

c.

Incompetent aortic valve

d.

Peripheral vascular disease

e.

Brain death

f.

Mechanical complications of acute MI

g.

Cardiogenic shock

h.

Ischemia related intractable ventricular arrhythmias

I.

Weaning from cardiopulmonary bypass
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POST TEST ANSWERS
1.

femoral artery

2.

preload

3.

afterload

4.

dicrotic notch
systole

5.

aortic valve
diastole

6.

Increase
Decrease

7.

a
f
g
h
i
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GLOSSARY of IABP TERMINOLOGY
Afterload

Amount of pressure against which the left ventricle must work during systole to open the
aortic valve or the amount of wall tension created within the ventricle during the systolic
phase of cardiac cycle. Clinically measured by systemic vascular resistance or systolic blood
pressure

Assisted Aortic End-diastolic
Pressure (AOEDP)

The diastolic pressure in the aorta just prior to the onset of systole which is affected by
deflation of the intra-aortic balloon

Assisted Systole (AS)

Systolic pressure which follows an assisted aortic end diastolic pressure. Characteristically it
is lower than the unassisted systolic pressure

Atrial Systole

Contraction of the atria which causes an increase in volume to the ventricles, often referred to
as "atrial kick"

Autofill

Ability of System 90 Series IABP to automatically refill the closed gas system with a preset
volume of helium q2h or whenever the IAB fill button is depressed

Autotiming

Based on a unique timing algorithm, the System 90 Series IABP automatically and instantly
adjusts IABP timing for changes in heart rate and rhythm

Blood Pressure

The measurement of peak and trough pressures in the arterial system. It is the force exerted
by the blood against a vessel wall

Cardiac Index

Cardiac output divided by the patient’s body surface area (BSA) expressed in
liters/minute/meter2

Cardiac Output

Amount of blood ejected by left ventricle per minute. Determined by multiplying heart rate x
stroke volume. Expressed as liters/minute (normal values are 4-6L/min.)

Counterpulsation

Alternating inflation and deflation of the intra-aortic balloon during diastole and systole
respectively

Diastole

Relaxation of the heart muscle, begins when the aortic valve closes

Diastolic Augmentation

Resultant elevation of peak diastolic blood pressure due to inflation of the intra-aortic balloon
and subsequent displacement of stroke volume

Dicrotic Notch

Signifies aortic valves closure on an arterial pressure waveform

Ejection Fraction

Percent of left ventricular end diastolic volume which is ejected during systole (normal values
60-70%)

Electrocautery

Device consisting of a needle heated by electric current which decreases tissue bleeding by
cauterization

ESIS (Electrical Surgical
Interference Suppression)

Built in circuitry that suppresses electrosurgical interference (60 cycle) caused by
electrocautery equipment used in the operating room

Intra-aortic Balloon

Polyurethane balloon attached to a vascular catheter which is placed in the aorta for the
purpose of counterpulsation

Intra-aortic Balloon Pump

The console to which the intra-aortic balloon is attached in order to achieve safe, effective
counterpulsation
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Isovolumetric Contraction

Phase in mechanical cardiac cycle when all four valves are closed. There is no change in
volume but a rapid increase in ventricular pressure due to the ventricle attempting to
overcome the unassisted end diastolic pressure. The majority of myocardial oxygen is
consumed during this phase. This is the onset of systole

Isovolumetric Relaxation

Phase in mechanical cardiac cycle when all four valves are closed. There is no change in
ventricular volume but a rapid decrease in pressure. This is the beginning of diastole

Manual Timing

Timing logic which requires readjustment by the operator of inflation and deflation slide
controls for change in heart rate of 10-12 beats per minute

MAP-Mean Arterial Pressure

The time-averaged pressure throughout each cycle of the heartbeat

Pacer Reject

The ability of the System 90 Series IABP to distinguish between an R wave and a pacer
spike. The pacer spike is rejected and the R wave is used as the trigger event

Preload

The left ventricular end diastolic volume and the amount of pressure it exerts on the walls of
the left ventricle. Clinically, it is assessed by the PCWP (pulmonary capillary wedge
pressure)

Rapid Ventricular Ejection
Phase

Period following opening of aortic valve where approximately 75% of stroke volume is
ejected from left ventricle

Refractory Period

A 300 msec window after the R wave in which the IABP will not accept another trigger event

Safety Chamber (90/90T)
Safety Disk (95/97/97e/98)

Closed gas, volume limiting chamber. It is filled with helium during the autofill cycle

"Slaving"

The ability to bring a signal (ECG/pressure) from an external source into the IABP console

Stroke Volume

Amount of blood ejected by the left ventricle with each beat

Suprasystolic Augmentation

Diastolic augmentation greater than systolic pressure

Systemic Vascular Resistance

Resistance to ventricular ejection. Clinical measure of afterload. (normal value 900-1200
dynes/sec/cm-5)

Systole

Phase of the cardiac cycle in which the heart is contracting

Threshold

Minimum voltage required by IABP to sense ECG trigger

Timing

Inflation and deflation of the IABP in concert with the mechanical cardiac cycle

Trend

Function of the System 97/97e/98 to store heart rate, systolic, diastolic, mean and diastolic
augmentation pressures for up to eight hours

Trigger

Signal used by the IABP to identify the beginning of the next cardiac cycle and deflate the
IAB (if not already deflated)

Unassisted Aortic End Diastolic
Pressure
Unassisted Systole (UAS)

Aortic end diastolic pressure without IABP intervention

Ventricular Filling

Passive flow of blood from atria into ventricles

Systolic pressure which does not follow deflation of the IAB
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Normal Arterial Waveform

Arterial Waveform Variations During IABP Therapy
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1:1 IABP Frequency

1:2 IABP Frequency

1:3 IABP Frequency

18

Bibliography
Theory
Joseph, D.; Bates, S., Intra-aortic Balloon Pumping - How to Stay on Course, American Journal of Nursing 1990 September;
90(9):42-47
Maccioli, G.A., Ed., Intra-aortic Balloon Pump Therapy, Baltimore Williams & Wilkins, 1997
Maccioli, G.A.; Lucas, W.J.; Norfleet, E.A., The Intra-aortic Balloon Pump: A Review, Journal of Cardiothoracic Anesthesia
1988; 2:365-373
Shinn, A.E.; Joseph, D., Concepts of Intraaortic Balloon Counterpulsation, Journal of Cardiovascular Nursing 1994; 8(2):45-60
Whitman, Gayle, Intra-aortic Balloon Pumping and Cardiac Mechanics: A Programmed Lesson, Heart and Lung 1978;
7(6):1034-1050
Wolvek, Sidney, The Evolution of the Intra-aortic Balloon: The Datascope Contribution, Journal of Biomaterials Applications
1989 April; 3:527-542
Indications
Anwar, A.; Mooney, M.R.; Stertzer, S.H., Intra-Aortic Balloon Counterpulsation Support for Elective Coronary Angioplasty in
the Setting of Poor Left Ventricular Function: A Two Center Experience, The Journal of Invasive Cardiology 1990 July/August;
1(4):175-180
Bolooki, Hooshang, Emergency Cardiac Procedures in Patients in Cardiogenic Shock Due to Complications in Coronary Artery
Disease, Circulation 1989 June; 79(6)(Suppl I):I-137-I-147
Califf, R.M.; Ohman, E.M., Reocclusion After Thrombolytic Therapy and Percutaneous Transluminal Coronary Angioplasty,
Cardiac Assists 1990 March; 5(2)
Dietl, C.A.; Berkheimer, M.D.; Woods, E.L.; Gilbert, C.L.; Pharr, W.F.; Benoit, C.H., Efficacy and Cost-Effectiveness of
Preoperative IABP in Patients with Ejection Fraction of 0.25 or Less, Annals of Thoracic Surgery 1996;62:401-409
Emmerman, C.L.; Pinchak, A.C.; Hagen, J.F., Hemodynamic Effects of the Intra-aortic Balloon Pump During Experimental
Cardiac Arrest, American Journal of Emergency Medicine 1989 July; 7:373-383
Emery, R.W.; Eales, F.; Joyce, L.D., Mechanical Circulatory Assistance After Heart Transplantation, Annals of Thoracic
Surgery 1991; 51:43-7
Freedman, Jr., R.J., MD, Myoconservation in Cardiogenic Shock - The Use of Intra-Aortic Balloon Pumping and Other
Treatment Modalities, Cardiac Assists, 1992 January; 6(2)
Freedman, Jr., R.J., MD, The Intra-Aortic Balloon Pump System: Current Roles and Future Directions, Journal of Applied
Cardiology, 1991, Vol. 6, pp. 313-318
George, Barry S., Thrombolysis and Intra-Aortic Balloon Pumping Following Acute Myocardial Infarction - Experience in Four
TAMI Studies, Cardiac Assists, 1988 October; 4(3)
Georgen, R.F.; Dietrick, J.A.; Pifarre, R., Placement of Intra-Aortic Balloon Pump Allows Definitive Biliary Surgery In Patients
with Severe Cardiac Disease, Surgery 1989 September; 106(4):808-814
Goodwin, M.; Hartman, J.; McKeever, L.; et al, Safety of Intra-aortic Balloon Counterpulsation in Patients with Acute
Myocardial Infarction Receiving Streptokinase Intravenously, The American Journal of Cardiology 1989; 64:937-938

19

Complications
Barnett, M.G.; Swartz, M.T.; Peterson, G.J.; et al, Vascular Complications from Intraaortic Balloons: Risk Analysis, Journal of
Vascular Surgery 1994 January; 19(1):81-89
Brodell, G.K.; Tuzcu, E.M.; Weiss, S.J., Intra-aortic Balloon Pump Rupture and Entrapment, Cleveland Clinic Journal of
Medicine 1989 October; 56(7):740-742
Eltchaninoff, H.; Dimas, A.P.; Whitlow, P.L., Complications Associated with Percutaneous Placement and Use of Intraaortic
Balloon Counterpulsation, American Journal of Cardiology 1993 February; 71:328-332
Funk, M.; Gleason, J.; Foell, D., Lower Limb Ischemia Related to Use of the Intra-aortic Balloon Pump, Heart and Lung 1989;
18:542-552
Goran, S.F., Vascular Complications of the Patient Undergoing Intra-Aortic Balloon Pumping, Critical Care Nursing Clinics of
North America, September 1989, 1(3): 459-467
Gottlieb, S.O.; Brinker, J.A.; Borken, A.M., et al, Identification of Patients at High Risk for Complications of Intra-aortic Balloon
Counterpulsation: A Multivariate Risk Factor Analysis, American Journal of Cardiology 1984; 53:1135-1139
Kantrowitz, A.; Wasfie, T.; et al, Intra-aortic Balloon Pumping 1967 through 1982: Analysis of Complications in 733 Patients,
American Journal of Cardiology 1986; 57:976-983
Kvilekval, Kara H.V., MD; et al, Complications of Percutaneous Intra-aortic Balloon Pump Use in Patients With Peripheral
Vascular Disease, Archives of Surgery, May 1991, Vol. 126, 621-623.
Lazar, H.L., MD; et al, Outcome and Complications of Prolonged Intraaortic Balloon Counterpulsation in Cardiac Patients,
American Journal of Cardiology April 1992, Vol 69 955-958
Schecter, D.; Murali, S.; Uretsky, B.F., Vascular Entrapment of Intra-aortic Balloon After Short Term Balloon Counterpulsation,
Catheterization and Cardiovascular Diagnosis 1991; 22:174-176
Stahl, K.D.; et al, Intra-aortic Balloon Rupture, Trans AM Soc Artif Intern Organs, 1988, Vol. XXXIV, 496-499
Insertion
Gorton, M.E.; Soltanzadeh, H., Easy Removal of Surgically Placed Intra-aortic Balloon Pump Catheter, Annals of Thoracic
Surgery 1991; 51:325-6
Heebler, Robert F., Simplified Technique for Open Placement and Removal of Intra-aortic Balloon, Annals of Thoracic Surgery
1989; 48:134-6
Nash, I.S., MD; et al, A New Technique for Sheathless Percutaneous Intra-aortic Balloon Catheter Insertion, Archives of
Surgery, May 1991, Vol. 126, 57-60
Phillips, Steven J., MD; et al, Sheathless Insertion of the Percutaneous Intra-aortic Balloon Pump: An Alternate Method,
Annals of Thoracic Surgery 1992; 53:162
Shahian, D.M.; Jewell, E.R., Intra-aortic Balloon Pump Placement through Dacron Aortofemoral Grafts, Journal of Vascular
Surgery 1988 June; 7:795-7
Pediatrics
Anella, J.; McCloskey, A.; Vieweg, C., Nursing Dynamics of Pediatric Intra-aortic Balloon Pumping, Critical Care Nurse 1990
April; 10(4):24-28
del Nido, P.J.; et al, Successful Use of Intra-aortic Balloon Pumping in a 2-kilogram Infant, Annals of Thoracic Surgery 1988
November; 46:574-576

21

Grotz, R.L.; Yeston, N.S., Intra-Aortic Balloon Counterpulsation in High-Risk Cardiac Patients Undergoing Non-Cardiac
Surgery, Surgery 1989 July; 106(1):1-5
Gunnar, R.M.; Bourdillon, P.D.V.; Dixon, D.W., Guidelines for the Early Management of Patients With Acute Myocardial
Infarction, American College of Cardiology 1990 August; 249-292
Gurbel, P.A.; Anderson, R.D; MacCord, C.S.; et al, Arterial Diastolic Pressure Augmentation by Intra-aortic Balloon
Counterpulsation Enhances the Onset of Coronary Artery Reperfusion by Thrombolytic Therapy, Circulation 1994;
89(1):361-365
Ishihara, M., MD; et al, Intra-Aortic Balloon Pumping as the Postangioplasty Strategy in Acute Myocardial Infarction,
American Heart Journal, August 1991, 122(2), pp. 385-389.
Kahn, J.K., MD, Intra-Aortic Balloon Pumping: Theory And Clinical Applications A Monograph For The Clinician,
Communications Media for Education, Inc., Princeton, NJ 1991 March
Kahn, J.K.; Rutherford, B.D.; McConahay, D.R., Supported "High Risk" Coronary Angioplasty Using Intraaortic Balloon Pump
Counterpulsation, Journal of American College of Cardiology 1990 April; 15:1151-5
Kern, M.J.; Aguirre, F.; Bach, R.; et al, Augmentation of Coronary Blood Flow by Intra-aortic Balloon Pumping in Patients
After Coronary Angioplasty, Circulation 1993 February; 87(2):500-511
Kern, M.J.; Aguirre, F.V.; Tatineni, S.; et al, Enhanced Coronary Blood Flow Velocity During Intraaortic Balloon
Counterpulsation in Critically Ill Patients, Journal of the American College of Cardiology 1993 February; 21(2):359-368
Kern, M.J., MD, Intra-Aortic Balloon Pumping Post-Angioplasty - Documentation of Increased Coronary Blood Flow, Cardiac
Assists, 1992 June, Vol. 6, pp. 1-5
Kern, M.J., MD, Intra-Aortic Balloon Counterpulsation, Coronary Artery Disease, August 1991, 2(6), pp. 649-660
Lazar, Harold L,.MD; et al, Role of Percutaneous Bypass in Reducing Infarct Size After Revascularization for Acute Coronary
Insufficiency, Circulation 1991; 84 [suppl III]: III-416-III-421
Mangano, D.T.; Browner, W.S.; Hollenberg, M., Association of Perioperative Myocardial Ischemia With Cardiac Morbidity and
Mortality in Men Undergoing Noncardiac Surgery, The New England Journal of Medicine 1990 December 27; 323(26):1781-8
Mercer, D.; Doris, P.; Salerno, T.A., Intra-aortic Balloon Counterpulsation in Septic Shock, The Canadian Journal of Surgery
1981 November; 24(6):643-645
Ohman, E.M.; George, B.S.; White, C.J.; et al, Use of Aortic Counterpulsation to Improve Sustained Coronary Artery Patency
During Acute Myocardial Infarction. Results of a Randomized Trial, Circulation 1994 August; 90(2):792-799
Ohman, E.M.; Califf, R.M.; George, B.S., et al, The Use of Intra-Aortic Balloon Pumping as an Adjunct to Reperfusion
Therapy in Acute Myocardial Infarction, American Heart Journal 1991 March; 121(3)
Schreiber, T.L. MD; et al, Management of myocardial infarction shock: Current status, American Heart Journal 1989
February, 117(2):435-443
Siu, S.C.; et al, Intra-Aortic Counterpulsation Support in the High-risk Cardiac Patient Undergoing Urgent Noncardiac Surgery,
Chest, June 1991, 99(6), pp. 1342-1345
Stomel, R.J.; Rasak, M.; Bates E.R., Treatment Strategies for Acute Myocardial Infarction Complicated by Cardiogenic Shock
in a Community Hospital, Chest 1994; 105(4):997-1002

20

Dunn, Jeffrey M., The Use of Intra-Aortic Balloon Pumping in Pediatric Patients, Cardiac Assists 1989 June; 5(1)
Nawa, Sugato MD; et al, Efficacy of Intra-aortic Balloon Pumping for Failing Fontan Circulation Chest 1988 March; 93/3:
599-603
Veasy, L.G.; Blalock, R.C.; Orth, J., Intra-aortic Balloon Pumping in Infants and Children, Circulation 1983; 68(5):1095-1100
Webster, H.; Veasy, L.G., Intra-aortic Balloon Pumping in Children, Heart and Lung 1985; 14(6)
Transport
Bellinger, R.L.; Califf, R.M.; Mark, D.B., Helicopter Transport of Patients During Acute Myocardial Infarction, American
Journal of Cardiology 1988 April; 61:718-722
Gottlieb, S.O.; Chew, P.H.; Chandra, N., Portable Intra-aortic Balloon Counterpulsation: Clinical Experience and Guidelines
for Use, Catheterization and Cardiovascular Diagnosis 1986; 12:18-22
Kramer, R.P., Jr., Helicopter-Transported Intra-Aortic Balloon Pumping: Advanced Technology Made Airborne, Cardiac
Assists 1988 June; 4(2)
Mertlich, G.; Quaal, S.J., Air Transport of the Patient Requiring Intra-Aortic Balloon Pumping, Critical Care Nursing Clinics of
North America, September 1989, 1(3); 443-458
Nursing Care
Bavin, T.K.; Self, M.A., Weaning From Intra-Aortic Balloon Pump Support, American Journal of Nursing, October 1991, 54-59
Patacky, M.G.; Garvin, B.J.; Schwirian, P.M., Intra-aortic Balloon Pumping and Stress in the Coronary Care Unit, Heart and
Lung 1985 March; 14(2)
Quaal, S.J., Guest Ed., Critical Care Clinics of North America, Philadelphia, W.B. Saunders December 1996; 8(4)
Shoulders, Odom, Managing the Challenge of IABP Therapy, Critical Care Nurse 1991 February; 11(2):60-76
Weinberg, L.A.; Buying Time with an Intra-Aortic Balloon Pump, Nursing 1988 September; 44-49

22

23

For local contact:
Please visit our Website
www.datascope.com
www.maquet.com

PN: 0002-08-0618 R1
® MAQUET Registered Trademark of MAQUET GmbH & Co. KG · Copyright MAQUET Cardiovascular LLC or its affiliates. All rights reserved. 06/09.
Caution: U.S. Federal Law restricts this device to sale by or on the order of a physician. Refer to package insert for current indications, warnings, contraindications, precautions and instructions for use. 06/09

Datascope Corp.
Cardiac Assist Division
15 Law Drive
Fairfield, NJ 07004
Tel. 1.973.244.6100

