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1) What is an IABP? 

It is a cannulated balloon device which is placed, usually percutaneously via the femoral 
artery, into the descending thoracic aorta with the tip of  the balloon just distal to the left 
subclavian artery.  

The balloon is alternately, and rapidly, inflated and deflated in synchrony with the patient’s 
ECG by an external device which controls the timing and volume of  the balloon inflation/
deflation, and records the pressure in the aorta at the tip of  the balloon, which it continuously 
displays alongside the patient’s ECG.  

The device works on the principle of  diastole counterpulsation- first described by Adrian 
Kantrowitz in 1958. At first sight this would appear counterintuitive - during systole the 
balloon deflates, and it inflates during diastole.   

It is inflated with helium, which has a lower density than oxygen (which is why helium 
increases the pitch of  your voice when it is inhaled and you speak). The low density allows 
very rapid inflation and deflation, which is critical as the balloon must deflate very quickly in 
order to avoid causing obstruction to blood flow during systole.  
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It is used to treat a number of  reversible cardiac pathologies, or to act as bridging therapy to 
assist the failing heart and thus help stabilise patients before they undergo cardiac surgery or 
transplantation. 

2) Indications for its use 

• Cardiogenic shock secondary to acute MI, unresponsive to medical therapy 

• Mechanical complications of  acute MI - acute mitral regurgitation and VSDs.  

• Refractory ventricular arrhythmias 

• Refractory unstable angina  

• Decompensated cardiac failure (as a bridge to more definitive treatment)  

• Peri-operative support for patients undergoing CABG 

• Decompensated aortic stenosis  

3) How does it work? 

It has 4 major effects (as shown by the * symbol) and it is based on 3 principles (highlighted in 
red). 

Principles 

1) Flow in any tube (excluding shear stress and resistance) is given by driving pressure (P) 
and downstream pressure (p). The bigger big P is and the smaller little p is, the greater the 
flow.  

Driving pressure (P) ================> (p) End coronary pressure  

	 	 	 	    Flow  

2) Power = work 
	          time.  

For the circulation this is given by: power (watts) = MAP (kPa) x SV (L) / Time (secs) 

3) Subendocardial viability ratio (SEVR) is given by: 

 LV diastolic time 
  LV systolic time. 
  

We will go through these concepts later on.  
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Step by step: 

1. Diastole starts. The balloon inflates. This increases aortic diastolic pressure which forces 
blood in the aorta in both directions - backwards towards the closed aortic valve, the head 
and neck vessels and the coronary arteries, and forwards down the aorta and the other 
major arteries (renal, coeliac and mesenteric)  

2. * This increases the driving pressure (P) to the coronary arteries - the first step to 
increasing coronary blood flow. This is the first major effect based on principle number 1, 
which is that flow depends on driving pressure and downstream pressure.  

3. At the end of  diastole, systole starts and the balloon immediately deflates. *This decreases 
the aortic end diastolic pressure and decreases left ventricular work - because the left 
ventricle is now pumping blood into an emptier (or evacuated) aorta. This is the second 
major effect.  

4. Because the left ventricle now empties more quickly (systolic time decreases), this retains 
the power output of  the left ventricle for that stroke - because power = work/time (see 
note 9). In other words, stroke volume remains the same, systolic blood pressure reduces 
slightly hence work reduces slightly, but power is maintained as this reduced amount of  
work is done over a shorter time. This is the 2nd of  the 3 principles.  If  this is still 
confusing, think about the equation - if  time decreases on its own, power will increase. If  
work decreases on its own, power decreases. If  both work and time decrease then power 
can be maintained. 

5. This improves or increases the theoretical concept of  sub endocardial viability ratio:  

diastolic time increases 
systolic time decreases 

      which is our 3rd principle. SEVR is an index of  myocardial oxygen supply and               
demand. *Increased diastolic time = more resting time and perfusion for the heart per stroke, 
which is also our 3rd major effect.  

6. *The left ventricular end diastolic pressure (LVEDP) is also lowered, because the left 
ventricle empties more completely. This is our last major effect. LVEDP is a reflection of  
how compliant the ventricle is, and this depends on the volume and pressure in the 
vasculature. This lowered LVEDP means that there is a decrease in end coronary artery 
pressure (p) which is the second step for improving coronary blood flow (back to the first 
principle again but this time we are dealing with little p). Remember, the coronary 
arteries are trying to get blood down into the capillaries that supply the left ventricle, 
which is thick muscle. If  the ventricle is stiff  and under high pressure, this will increase 
little p and increase resistance to flow down the coronary artery.   
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7. In summary: Diastolic time increases, driving pressure to coronaries (P) increases, 
combined with decrease in end coronary pressure (p) due to decrease in LVEDP resulting 
in much improved coronary flow.  

8. The reduction in workload of  the left ventricle decreases myocardial oxygen demand - so 
the heart has an improved coronary blood flow and decreased workload, so the heart’s 
performance is improved and there is improved systemic perfusion.  

9. Work and power in the circulation as a whole: The left ventricular workload during 
systole is reduced, but power is maintained as systolic time is also reduced (remember 
power = work/time). The reduced work output per stroke during ventricular systole 
would normally result in reduced flow in the circulation overall if  the heart rate remained 
the same - because the flow in the circulation depends on the pressure retained during 
diastole. Thus the overall power output of  the circulation per minute is maintained by a 
combination of  the power imparted to the circulation by the left ventricle during systole 
and the power added by the IABP during diastolic inflation. So we make up for the 
reduced output of  the ventricle by adding power to the circulation by the 
balloon inflating during diastole, this is a key point. The result is maintenance of  
circulatory power output, with a heart that is doing less work.  

4) How does the arterial wave form change? 

This diagram shows a 
normal or unaugmented 
arterial wave form - The 
dicrotic notch (blue arrow) 
shows closure of  the aortic 
valve and the start of  
diastole. The first green 
arrow is the systolic 
pressure, and the trough 
with the second green 
arrow is diastolic pressure. 
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This shows the waveform you get when you have a balloon pump in - which is the augmented 
second wave. See how the dicrotic notch is suddenly enormous and has risen above the first 
peak. See also how the trough is suddenly much lower than the original. Diastolic time is also 
longer when compared to the first unaugmented wave form.  

This shows when the 
balloon inflates and 
deflates - see how the 
balloon inflates at the 
dicrotic notch (or the start 
of  diastole) and deflates 
just before the next 
waveform starts, which is 
the start of  systole.  
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Here are the labels - the new second peak in the augmented wave is what is referred to as 
diastolic augmentation - and it is this which drives the extra pressure down the systemic 
circulation and down the coronary arteries. The deeper trough is referred to as lowered left 
ventricular end diastolic pressure. It is this which helps the left ventricle eject the next load of  
blood into the emptier aorta, and also lowers end coronary perfusion pressure, which helps 
drive flow through the coronary arteries.  

5) Contraindications for use 

Absolute:  

• Significant aortic regurgitation - because blood would just flood back into the left ventricle 
on balloon inflation and overwhelm it.  

• Aortic dissection - obviously it could worsen dissection!  

• End stage cardiac disease with no reversible pathology - this isn’t a fix for cardiac disease, 
merely a device to give the heart a chance to recover.  

• Bilateral femoral-popliteal bypass grafts (will need alternative to femoral placement - e.g. 
axillary artery)   
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Relative: 

• Sepsis 

• AAA - similar to the reason given for dissection 

• Severe bilateral peripheral vascular disease  

• Uncontrolled coagulopathy  

• Prosthetic ileo-femoral grafts/iliac artery stents 

6) Complications 

Nearly 3% patients have a major complication, 4.2% have a minor complication  

Complications can be divided up into sections and are usually due to problems with insertion 
or balloon misplacement, and issues with red blood cell trauma and thrombosis.  

Vascular:  

• Ischaemia 

• Limb ischaemia 

• Spinal cord and organ ischaemia - both from injury to the vessels, or blockage from the 
balloon or from a clot.  

• Rupture 

• Vascular laceration and injury from insertion - any artery can be involved from the 
femoral, iliac or aorta.  

• Aortic dissection 

• Embolus  

• Peripheral thrombotic embolisation 

Balloon related: 

• Misplacement of  balloon causing occlusion or rupture to vessels  

• Balloon rupture causing helium embolisation  

• Thrombocytopenia - patients are fully anticoagulated while the balloon is in.  

• Anaemia from haemolysis - red blood cells can get bashed by the action of  the balloon 
inflating suddenly and burst.  
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Others: 

• Infection  

7) How to place and use it  

Insertion 

• IABP catheters are sized based on the patient’s height, and are placed by a cardiologist or 
cardiothoracic surgeon usually using a Seldinger technique, but can be placed during open 
heart surgery via the femoral artery before the chest is closed. When used here, it is usually 
to bring the patient off  the cardiopulmonary bypass machine.  

• They are usually placed via a femoral artery, but the brachial or axillary can also be used.  

• The balloon is fed over the guide wire and positioned using fluoroscopy.  

• The tip of  the catheter should be 2 cm distal to the left subclavian artery, at the level of  the 
second rib. The position can be checked using TOE.  

Use 

• The balloon is then connected externally to the controller and helium is used to inflate the 
balloon in synch with the heart - remember low density allows rapid inflation and deflation.  

• Systemic anticoagulation is given to prevent any clots from forming on the balloon 

• The inflation and deflation is timed using the patient’s ECG waveform - the balloon starts 
to inflate at the start of  diastole, which is the middle of  the T wave on the ECG, or the 
dicrotic notch on the arterial pressure waveform.  

• Deflation occurs at the start of  systole, which corresponds to the peak of  the R wave on the 
ECG trace.  

• A ratio can be selected depending on how much support the heart needs - the balloon can 
be set to inflate/deflate with every cycle of  systole/diastole - a ratio of  1:1, or it can be less 
than this (1:2 or 1:3). 

• During weaning, the ratio can be gradually reduced, allowing the heart to do more work, 
but the ratio should not be taken less than 1:3 due to the risk of  thrombus. As soon as the 
IABP is no longer needed, it should be deflated and removed within 20 mins and should 
never be left in situ deflated due to the risk of  clots forming.  

• Successful use of  the IABP relies on successful timing with the cardiac cycle - any mistimed 
inflation/deflation can worsen cardiac function as the heart tries to pump blood into an 
aorta that is obstructed by an inflated or partially inflated balloon.  
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