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I. Introduction
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	Lecture/Discussion
A. 	In intra-aortic balloon pump therapy (IABP, or counterpulsation), a balloon connected to a pump is inserted into the aorta through a catheter to assist a failing heart. 
B. 	Once in place, the balloon is connected to a console that inflates the balloon at the onset of diastole and deflates it just before systole. 
C. 	Inflation and deflation of the balloon are timed to the cardiac cycle. 
D. 	The main role of CCTP in transporting a patient undergoing IABP therapy is to ensure that the timing of the balloon’s inflation and deflation occurs at the proper points in the cardiac cycle. 


II. History
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A. 	IABP was first used for patients in cardiogenic shock in the late 1960s.
B. 	IABP counterpulsation is used worldwide to assist patients with left ventricular (LV) failure. 


III. Cardiovascular Anatomy and Physiology
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A. 	Cardiac cycle
1. 	Atrial systole
a. 	Atrial systole begins in response to an electrical impulse from the sinoatrial (SA) node, indicated as the P wave on an ECG. 
b. 	As the electrical impulse conducts through the atrial myocardium and internodal pathways, the atrium depolarizes and contracts. 
c. 	The mitral and tricuspid valves are open before atrial systole with blood already flowing passively from the atria into the ventricles. 
d. 	The contraction of the atria ejects additional blood into the ventricles.
e. 	This atrial kick raises ventricular volume and pressure and helps the ventricle contract. 
2. 	Isovolumetric contraction
a. 	During isovolumetric contraction, the electrical impulse from the atria conducts through the AV node to the ventricular conduction system, causing the ventricles to depolarize and contract.
b. 	Immediately after ventricular contraction begins, ventricular pressure rises abruptly, closing the AV valves.  
3. 	Ventricular systole
a. 	Once the pressure in the pulmonary artery equals the pressure in the right ventricle, the pulmonary valve opens, and the right ventricle ejects blood into the pulmonary artery. 
b. 	As the pressure in the left ventricle exceeds the pressure in the aortic root, the valve leaflets open and allow the left ventricle to eject the blood into the aorta. 	
4. 	Isovolumetric relaxation
a. 	Near the end of ventricular ejection, the ventricles begin to relax as ventricular tissue starts to repolarize. 
b. 	As the ventricles relax, pressure in the ventricles drops below the arterial pressure, and the semilunar valves close.
c. 	Continued ventricular relaxation leads to the decrease in ventricular pressure that allows the AV valves to open. 
5. 	Ventricular filling
a. 	When pressure in the ventricles drops below the pressure in the atria, the mitral and tricuspid valves open and ventricular filling begins. 
b. 	Blood flows passively from the atria through the AV valves into the ventricles.
B. 	Pressure waveforms on the left side of the heart
1. 	At the beginning of the cardiac cycle, aortic pressure is at its lowest (diastolic) 	level. 
2. 	The SA node depolarizes, causing the atria to contract. This contraction causes the pressure in the atria and ventricles to rise.
3. 	As the aortic valve opens and blood enters the aorta, the pressure will rise to the peak systolic level and then begin to fall as ventricular ejection tapers. 
4. 	As the pressure in the left ventricle drops, the 	pressure in the aorta becomes greater than that in the left ventricle.
5. 	As the aortic valve leaflets are forced outward, the pressure gradient across the valve increases significantly and then springs back. This springing back causes a bump in the aortic pressure waveform, known as the dicrotic notch. 
6. 	When the pressure in the ventricle is less than the pressure in the atrium, the mitral valve opens, and blood begins to flow passively into the ventricle from the atrium.
C. 	Myocardial oxygen supply and demand
1. 	Myocardial oxygen supply must balance myocardial oxygen demand.
2. 	Factors that can affect myocardial oxygen supply include coronary artery anatomy, diastolic pressure, diastolic time, and oxygen extraction. 
3. 	Because the time required to complete systole is fixed, any increases in heart rate (HR) must result from decreased diastolic time.


IV. The Intra-aortic Balloon Pump (IABP)
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A. 	The IABP is a device that helps increase the blood flow to the heart muscle, decreasing the heart’s workload. 
B. 	The proper size of IABP catheter is determined by patient height. 
C. 	The IABP catheter is threaded into the descending aorta through the femoral artery.
D. 	Insertion can be accomplished through a sheath or by using a catheter designed for sheathless insertion. 


V. Mechanics of IABP Function
	Time: 32 Minutes
	Slides: 19–39
	Lecture/Discussion
A. 	Balloon structure and position
1. 	The IAB catheter consists of a long, narrow balloon mounted on a thin catheter.
2. 	Typical catheters have two lumens: a central lumen and a gas lumen. 
3. 	The central lumen is used to guide the IAB tip into position in the descending thoracic aorta just below the origin of the left subclavian artery. 
4. 	Once the catheter is in place, the central lumen also allows monitoring of aortic blood pressure. 
5. 	The gas lumen carries helium gas from the pump console to the IAB to control balloon inflation. 
B. 	Counterpulsation sequence
1. 	The IABP console pump inflates and deflates the balloon with helium in conjunction with the mechanical cardiac cycle.  
2. 	Correct IABP timing inflates the balloon during diastole when the left ventricle is relaxed and the coronary arteries are filling with oxygenated blood.
C. 	Physiologic effects of IABP therapy
1. 	IABP therapy lowers systolic blood pressure as the balloon deflates at the onset of systole and raises diastolic pressure when the balloon inflates during diastole. 
2. 	Mean arterial pressure (MAP) also rises from diastolic augmentation. 	
3. 	The rapid inflation of the balloon augments the diastolic pressure and creates a second pressure wave. 
4. 	The balloon deflates at the end of diastole, just before the next ventricular ejection. This drop in pressure reduces the resistance against which the ventricle has to work to open the aortic valve and eject blood. 
D. 	Balloon volume or augmentation
1. 	Each IABP console allows the operator to control the volume of gas in the balloon with each counterpulsation cycle.  
2. 	When IABP therapy is initiated, software in the console begins shuttling gas at the lowest volume possible, gradually increasing the volume during several inflation–deflation cycles. 
3. 	There is little reason during routine use or transport that the balloon volume or augmentation should be adjusted at less than maximal or full volume. 
E. 	Waveform changes and triggers
1. 	The console constantly monitors the arterial pressure waveform, the patient’s ECG, and the balloon gas pressure waveform. 	
2. 	IAB inflation and deflation can be set to trigger from the ECG, from pressure changes, from a pacemaker, from an internally preprogrammed rate, or from combinations of these.
F. 	Proper IABP timing
1. 	The newer generation IABP consoles have software capable of adjusting balloon inflation and deflation through a variety of changes and arrhythmias.
2. 	IABP operators must constantly monitor the IABP to ensure correct operation and timing. 
G. 	Trigger selection
1. 	The default trigger on most IABP consoles is the ECG, which 	allows the pump to trigger from the R wave on the patient’s ECG for deflation. 
a. 	During ECG triggering, deflation will also occur if the IABP console senses an increase in systolic blood pressure indicative of the onset of systole, regardless of whether an R wave appears on the ECG.
2. 	Pressure can also be selected as a trigger source. 
a. 	The systolic upstroke of the patient’s arterial pressure waveform is used as the trigger source. 
b. 	Pressure is the preferred trigger mode during CPR because it works synchronously with compressions to improve diastolic perfusion. 
c. 	This mode can be useful when the ECG signal is unavailable, excessive artifact exists, or ECG voltage is too low to produce a recognizable R wave. 
3. 	A pacemaker trigger is available on most IABP consoles and is usually further 	divided into atrial- and ventricular-paced rhythms. 
a. 	The only time that pacemaker triggers are useful is when the patient rhythm is 100% paced and the QRS complex has such poor morphologic features that the IABP console cannot use it in the ECG trigger mode. 
4. 	Most IABP consoles also offer an internal trigger mode that works completely asynchronously with the patient’s ECG and arterial pressure. 
a. 	The internal trigger mode should never be used in any patient with cardiac output, including patients undergoing CPR. 
H. 	Evaluation of IABP waveform
1. 	The IABP assist ratios
a. 	1:1 assist ratio, in which the pump inflates with each heartbeat
b. 	1:2 assist ratio, in which the pump inflates with every other heartbeat
c. 	1:3 assist ratio, in which the pump inflates with every third heartbeat
d. 	1:4 assist ratio, in which the pump inflates with every fourth heartbeat
e. 	1:8 assist ratio, in which the pump inflates with every eighth heartbeat
2. 	The evaluation of the IABP waveform is most easily accomplished by placing the IABP into the 1:2 assist ratio. 
3. 	Evaluate the following parameters of the IABP waveform:
a. 	Systole and diastole of each pressure waveform. 
b. 	Diastolic augmentation, assisted systole, and unassisted systole 
c. 	The point of inflation 
d. 	End-diastolic dip in pressure created by balloon deflation.
e. 	Slope of diastolic augmentation pressure and slope of assisted systole 
f. 	Diastolic augmentation peak pressure 
g. 	Comparison of the peak pressure of assisted systole with the peak pressure of unassisted systole 
I. 	Timing errors
1. 	Early inflation
a. 	The IAB should inflate at the dicrotic notch.
b. 	Inflation that occurs too early is reflected on the waveform by a shortened normal pressure decrease that follows diastole. 
c. 	On the pressure waveform, this is reflected as an opened V and with a lessened slope on the diastolic augmentation waveform. 
2. 	Late inflation
a. 	If the dicrotic notch is visible on the pressure waveform, inflation of the IAB is late. 
b. 	The late inflation of the IAB, although causing little harm, does not maximize the benefits of IABP therapy. 
3. 	Early deflation
a. 	The timing for deflation of the IAB should be the R wave.
b. 	If deflation occurs too early, the pressure in the aorta will equalize and rise slightly to plateau before systole.
c. 	The waveform will exhibit a sharp drop from diastolic augmentation with a characteristic prolongation of the assisted aortic end-diastolic period. 
4. 	Late deflation
a. 	Late IAB deflation can be extremely detrimental to the patient. 
b. 	Late deflation is characterized by a widened appearance of the diastolic augmentation waveform base and a prolonged rate of rise in the assisted systolic waveform.

	
VI. IAB Insertion
	Time: 6 Minutes
	Slides: 40–43
	Lecture/Discussion
A. 	Indications for IABP
1. 	Refractory ventricular failure
2. 	Cardiogenic shock
3. 	Unstable refractory angina
4. 	Impending infarction
5. 	Mechanical complications due to acute MI 
6. 	Ischemia-related intractable ventricular arrhythmias
7. 	Cardiac support during high-risk general surgical or coronary angiography or angioplasty procedures
8. 	Septic shock
9. 	Weaning from cardiopulmonary bypass
10. 	Intraoperative pulsatile flow generation
11. 	Support for failed angioplasty and valvuloplasty
B. 	Contraindications for IABP
1. 	Severe aortic valvular insufficiency
2. 	Abdominal or aortic aneurysm
3. 	Severe calcific aortic or iliac arterial disease or severe peripheral vascular disease
4. 	Insertion site issues
C. 	Side effects and complications of IABP
1. 	Limb ischemia (compartment syndrome may develop after the IAB is removed)
2. 	Excessive bleeding from the insertion site
3. 	Thrombocytopenia (owing to platelet destruction)
4. 	Immobility of the balloon catheter
5. 	Balloon leak
6. 	Infection
7. 	Aortic dissection
8. 	Thrombosis
9. 	Altitude changes during air transport

		
VII. IABP Operation During Transport
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A. 	Vehicle requirements
1. 	Power supply
a. 	Transport vehicles often have an inverter capable of converting the DC voltage generated by the engine to AC voltage suitable for powering the IABP. 
b. 	Many IABPs are capable of operating on 110 to 120 V of AC power or 24 V of DC power.
c. 	Most IABP systems also incorporate batteries for limited periods of portable operation.
d. 	Careful attention to transport-related physical and logistic considerations ensures the ability of CCTP to focus on patient-specific needs during transport.
2. 	Space, weight, and equipment attachment
a. 	It is necessary to evaluate space and weight constraints of the transport vehicle and the logistics of loading and unloading the IABP and the patient before transport. 
b. 	Ground ambulances and aircraft have restrictions on weight.
c. 	Once the IABP is in the transport vehicle, it is critical to secure the pump so that it remains stable for safe operation throughout transport. 
B. 	Equipment
1. 	IABP with transport module
2. 	Appropriately sized balloon catheters with insertion kit
3. 	Spare helium tank (200 psi)
4. 	Operator’s manual
5. 	Stopcocks
6. 	60 mL syringe (Luer tip)
7. 	Skin electrodes
8. 	IABP extension tubing
9. 	Doppler ultrasound device (to assess distal pulses)
10. 	Extra ECG cables
11. 	2” cloth tape to secure IABP ECG electrodes and catheter to patient
12. 	Arterial pressure monitoring transducer and setup
13. 	Pressure transducer cables
14. 	Arterial flush solution (500 mL of normal saline with 1,000 U of heparin)
15. 	Adapters to fit other brands of balloon catheters to the IABP console
16. 	Knee splint
17. 	Soft restraints
C. 	Skill Drill 15-1: Operating the IABP During Transport
1. 	Visually assess the surroundings to ensure that hallways, elevators, and routes of travel will accommodate necessary equipment and personnel 
2. 	Obtain the patient report.
3. 	Ascertain current IABP settings.
4. 	Determine IABP catheter model, size, and insertion depth. 
5. 	Verify balloon tip location with a chest radiograph.
6. 	Conduct an assessment. 
7. 	Attach new ECG leads and secure each lead over the electrode with 2” cloth tape.
8. 	Ensure that the IAB catheter is taped securely to the patient’s leg.
9. 	Apply a knee immobilization splint.
10. 	Move the patient to the transport stretcher and secure all equipment.
11. 	Transfer the IABP to the transport console.
12. 	Establish power to the transport IABP console
13. 	Open the helium tank, and verify pressure. 
14. 	Follow the IABP console instructions for start-up.
15. 	Establish ECG and pressure waveforms from the patient.
16. 	Optimize IABP timing in the 1:2 mode.
17. 	Assess pressures every 5 minutes or with any changes in the patient’s condition during transport. Check the Insertion site and pulses every 15 minutes.
D. 	Altitude changes
1. 	Barometric pressure decreases with increasing altitude. 
2. 	During air transport, atmospheric pressure changes alter the gas volume in the IAB catheter and may affect IAB performance. 
3. 	As an aircraft ascends and atmospheric pressure decreases, the structural strength of the IAB restricts the rise in gas volume, but gas pressure in the IAB increases. 
4. 	Some IABPs compensate for atmospheric pressure changes by automatically initiating a refill cycle to adapt gas volume in the IAB to the external change. 
5. 	The most catastrophic consequence that could result from IABP operation at an altitude would be a rapid ascent to altitude with the IAB inflating to full capacity.
6. 	Slow ascents and descents allow the opportunity to adjust the pump. 
E. 	Patient assessment
1. 	Patient assessment parameters include vital signs, oxygenation, urine output, peripheral perfusion, central nervous system, and overall general condition.
2. 	Some patients are confused during IABP therapy, which may be caused by alterations in cerebral circulation. 
3. 	Complications that may result from IABP therapy are most often related to the insertion site or impairment of circulation. 
4. 	The CCTP should palpate or use a handheld Doppler ultrasound device to assess the left radial pulse and compare it with the right radial pulse. 
5. 	The depth of insertion of the IAB should be monitored and documented. 
6. 	If the femoral artery is used as the insertion site, the CCTP should assess and document the presence of the distal pulses and capillary refill time (CRT) in the extremity used and compare it with the distal pulses and CRT in the other leg. 
7. 	The sudden loss of pulses or decrease in CRT could signal that the IAB is occluding the femoral artery and causing ischemia in the limb. 


VIII. Emergency Interventions
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A. 	Cardiac arrest
1. 	If cardiac arrest occurs, the trigger selection should be set to “pressure” and CPR should be started. 
2. 	The IABP will continue to operate in synchrony with compressions, augmenting diastolic flow and improving coronary perfusion. 
3. 	Defibrillation should be provided as necessary. 
a. 	There is no need to disconnect the IABP or associated monitoring equipment when shocking the patient.
B. 	Balloon rupture or leak
1. 	The most catastrophic complications that can result from IABP therapy are balloon rupture and air embolus.
2. 	CCTP should inspect the IAB tubing often for the presence of blood in the air channel. 
3. 	If blood is noted in the gas lumen of the catheter, IABP therapy should be discontinued immediately. 
4. 	Although helium gas can leak into the bloodstream if the balloon ruptures, it is highly unlikely. 
a. 	Most IAB ruptures are miniscule holes.
b. 	During inflation, the gas pressure within the balloon is considerably less than the pressure in the aorta. 
C. 	Skill Drill 15-2: Manual inflation/deflation of an IAB
1. 	Disconnect the IAB from the male Luer end of the extension tubing.
2. 	Attach the three-way stopcock and 60-mL syringe to the IAB catheter’s male Luer. 
3. 	Inflate the IAB with 40 mL of air or helium, and immediately aspirate. Repeat every 5 minutes. 
D. 	Depletion of helium
1. 	The IABP console screen includes a helium pressure indicator.
2. 	Most consoles also include a conventional pressure gauge. 
3. 	The console will provide visual and audible alerts if the tank must be replaced.	
4. 	The valve on the depleted helium cylinder must be closed before the tank is replaced. 
5. 	A spare helium tank should always be carried during transport.
E. 	Excessive bleeding
1.	If excessive bleeding is observed, the CCTP should apply direct pressure over the site to control the bleeding.
2. 	The CCTP should consult with medical control for further instructions.
F. 	Catheter migration or accidental removal
1. 	Before moving a patient, note the location and insertion mark of the IABP catheter. 
2. 	Apply a knee splint to the leg in which the IAB was inserted. 
3. 	IAB tubing connectors should not be taped together.
4. 	If the catheter has moved but has not become dislodged or disconnected from the sterile sheath protector, the IABP should be placed in standby mode and the catheter reinserted.
5. 	If significant movement or accidental removal of the balloon occurs during transport, consider discontinuing IABP therapy after consultation with medical control. 



IX. Cardiac-Assist Devices
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A. 	CCTP may need to transport patients on extracorporeal membrane oxygenation (ECMO) or patients with a ventricular-assist device (VAD). 
B. 	ECMO ensures adequate oxygenation by replacing the function of the lungs in gas exchange. 
C. 	Bleeding is the leading complication of ECMO. 
D. 	The most commonly encountered VAD is the LVAD, which can be fully implanted or externally delivered. 
E. 	Power requirements for VADs are usually less than those required for ECMO. 
F. 	Almost all VADs can be manually operated in the event of a mechanical or power failure. 
G. 	Complications of VADs in the early postimplantation period include bleeding, device malfunction, and thromboembolism.
H. 	CCTP is not expected to care for a patient with a VAD independently, nor should CCTP ever accept that responsibility. 


