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During cardiopulmonary bypass (CPB) for clinical cardiac surgery, blood is typically 
drained by gravity into the venous reservoir of the heart-lung machine via cannulas 
placed in the superior and inferior vena cavae or a single cannula placed in the 
right atrium. Blood from this reservoir is pumped through a membrane oxygenator into the systemic 
arterial system, usually through a cannula placed in the distal ascending aorta (Fig. 11-1). This basic 
extracorporeal perfusion system can be adapted to provide partial or total circulatory and respiratory 
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support or partial support for the left or right heart or for the lungs separately. 

View larger version (19K):
[in this window]

[in a new window]
  

FIGURE 11-1 Basic cardiopulmonary bypass circuit with membrane 
oxygenator and centrifugal pump. 

 
The complete heart-lung machine includes many additional components (Fig. 11-2).1 Most 
manufacturers consolidate a membrane oxygenator, venous reservoir, and heat exchanger into one 
unit. A microfilter-bubble trap is added to the arterial line. Depending on the operation various 
suction systems are used to return blood from the surgical field, cardiac chambers, and/or the aorta. 
Aspirated blood passes through a cardiotomy reservoir and microfilter before returning to the venous 
reservoir. Optionally, but increasingly recommended, field blood is washed in a cell saver system and 
returned to the perfusate as packed red cells. In addition to adjusting pump flow, partial and 
occluding clamps on venous and arterial lines are used to direct and regulate flow. Sites for obtaining 

blood samples and sensors for monitoring pressures, temperatures, oxygen saturation, blood gases, 
and pH are included, as are various safety devices. 

View larger version (49K):
[in this window]

[in a new window]
  

FIGURE 11-2 Diagram of a typical cardiopulmonary bypass circuit with 
vent, field suction, aortic root suction, and cardioplegic system. Blood is 
drained from a single "two-stage" catheter into the venous reservoir, 
which is part of the membrane oxygenator/heat exchanger unit. Venous 
blood exits the unit and is pumped through the heat exchanger and then 
the oxygenator. Arterialized blood exits the oxygenator and passes 
through a filter/bubble trap to the aortic cannula, which is usually placed 
in the ascending aorta. Blood aspirated from vents and suction systems 
enters a separate cardiotomy reservoir, which contains a microfilter, 
before entering the venous reservoir. The cardioplegic system is fed by a 
spur from the arterial line to which the cardioplegic solution is added and 
is pumped through a separate heat exchanger into the antegrade or 
retrograde catheters. Oxygenator gases and water for the heat exchanger 
are supplied by independent sources. 

 
A separate circuit for administering cardioplegic solutions at controlled composition, rate, and 
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temperature is usually included in the system. Less often a hemoconcentrator (for removal of water 
and small molecules) is added to the primary circuit. 

Venous Cannulation and Drainage 

PRINCIPLES OF VENOUS DRAINAGE 

Venous blood usually enters the circuit by gravity or siphonage into a venous reservoir placed 40 to 
70 cm below the level of the heart. The amount of drainage is determined by central venous 

pressure; the height differential; resistance in cannulas, tubing, and connectors; and absence of air 
within the system. Central venous pressure is determined by intravascular volume and venous 

compliance, which is influenced by medications, sympathetic tone, and anesthesia. Inadequate blood 
volume or excessive siphon pressure may cause compliant venous or atrial walls to collapse against 
cannular intake openings to produce "chattering" or "fluttering." This phenomenon is corrected by 
adding volume to the patient. 

VENOUS CANNULAS AND CANNULATION 

Venous cannulas are usually made out of flexible plastic, which may be stiffened against kinking by 
wire reinforcement. Tips are straight or angled and often are constructed of thin, rigid plastic or 
metal. Size is determined by patient size, anticipated flow rate, and an index of catheter flow 
characteristics and resistance (provided by the manufacturer). For an average adult with 60-cm 
negative siphon pressure, a 30F cannula in the superior vena cava (SVC) and 34F in the IVC or a 
single 42F cavoatrial catheter suffices. Catheters are typically inserted through purse-string guarded 
incisions in the right atrial appendage, lateral atrial wall, or directly in the SVC and IVC. 

Three basic approaches for central venous cannulation are used: bicaval, single atrial, or cavoatrial 
("two stage") (Fig. 11-3). Bicaval cannulation and caval tourniquets are necessary to prevent 

bleeding and air entry into the system when the right heart is entered during CPB. Because of 
coronary sinus return, caval tourniquets should not be tightened without decompressing the right 
atrium. Bicaval cannulation without caval tapes is often preferred to facilitate venous return during 
exposure of the left atrium and mitral valve. 

View larger version (20K):
[in this window]

[in a new window]
  

FIGURE 11-3 Placement of venous cannulas. (A) Cannulation of both 
cavae from incisions in the right atrium. (B) Cannulation using the "two-
stage cannula." Blood in the right atrium is captured by vents in the 
expanded shoulder several inches from the narrower IVC catheter tip. 

 
Single venous cannulation is adequate for most aortic valve and coronary artery surgery; however, 
usually a cavo-atrial cannula ("two-stage") is employed (Fig. 11-3B). This catheter is typically 
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introduced via the right atrial appendage. Its narrowed distal end is threaded into the IVC while the 
wider proximal portion has side holes designed to rest within the right atrium. It tends to be more 
stable and provide better drainage than a single cannula, but proper positioning is critical.2 With 
single cannulas, elevation of the heart may kink the junction of the SVC with the atrium and partially 
obstruct venous drainage. 

At times, venous cannulation is accomplished via the femoral or iliac vein. This either open or 
percutaneous cannulation is used for emergency closed cardiopulmonary assist, for support of 
particularly ill patients before induction of anesthesia, for prevention or management of bleeding 
complications during sternotomy, for reoperations,3 for certain types of aortic and thoracic surgery, 
and for applications of CPB that do not require thoracotomy. Adequate flow rates require using a 
cannula that is as large as possible and advancing the catheter into the right atrium guided by 
transesophageal echocardiography (TEE). Specially designed commercially manufactured long, 
ultrathin, wire-reinforced catheters are available for this purpose. 

PERSISTENT LEFT SUPERIOR VENA CAVA 

A persistent left superior vena cava (PLSVC) is present in 0.3% to 0.5% of the general population 
and usually drains into the coronary sinus; however, in about 10% of cases it drains into the left 
atrium.4–6 The presence of a PLSVC should be suspected when the (left) innominate vein is small or 
absent and when a large coronary sinus or the PLSVC itself is seen on baseline TEE.7,8 

A PLSVC may complicate retrograde cardioplegia or entry into the right heart.9 If an adequate-sized 
innominate vein is present (30% of patients), the PLSVC can simply be occluded during CPB, if the 
ostium of the coronary sinus is present.10 If the right SVC is not present (approximately 20% of 
patients with PLSVC), the left cava cannot be occluded. If the innominate vein is absent (40% of 
patients) or small (about 33%), occlusion of the PLSVC may cause venous hypertension and possible 
cerebral injury. In these patients a cannula is passed retrograde into the PLSVC through the 
coronary sinus ostium and secured. Alternatively, a cuffed endotracheal tube may be used as a 
cannula.11 

AUGMENTED OR ASSISTED VENOUS RETURN 

Negative pressure is sometimes applied to the venous lines to provide assisted venous drainage 
using a roller pump or centrifugal pump,12 or by applying a regulated vacuum to a closed hard-shell 

venous reservoir (vacuum-assisted venous drainage, VAVD).13 This may permit use of smaller 
diameter catheters14 and may be helpful when long, peripheral catheters are used. Augmented 

negative pressure in the venous line increases the risk of aspirating gross or microscopic air and 
causing cerebral injury,15–18 hemolysis, or aspiration of air into the blood compartment of 

membrane oxygenators. Positive pressure in the venous reservoir can cause air to enter the venous 
lines and right heart.19 These potential complications require special safety monitors and devices and 
adherence to detailed protocols.19,20 

COMPLICATIONS ASSOCIATED WITH VENOUS CANNULATION AND DRAINAGE 

These include atrial arrhythmias, atrial or caval tears and bleeding, air embolization, injury or 
obstruction due to catheter malposition, reversing arterial and venous lines, and unexpected 

decannulation. Placing tapes around the cavae may lacerate branches, nearby vessels (e.g., right 
pulmonary artery), or the cava itself. Before or after CPB, catheters may compromise venous return 
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to the right atrium from the body. Venous catheters and/or caval tapes may displace or compromise 
central venous or pulmonary arterial monitoring catheters; conversely, monitoring catheters may 
compromise the function of caval tapes. 

Any intracardiac catheter may be trapped by sutures, which may impede removal before or after the 
wound is closed. Any connection between the atmosphere and cannula intake ports may entrain air 
to produce an air lock or gaseous microembolism. Assisted venous drainage (AVD) increases the risk 
of air entrainment.21,22 Finally, improperly placed purse-string sutures may obstruct a cava when 
tied.23 

CAUSES OF LOW VENOUS RETURN 

Low venous pressure, hypovolemia, drug- or anesthetic-induced venous dilatation, inadequate 
differential height between heart and reservoir, too small cannula size, cannula obstruction from any 
cause, air locks, or excessive flow resistance in the drainage system are possible causes of reduced 
venous return. Partial obstruction of the venous line may distend the right ventricle and impair later 
contractility. 

Arterial Cannulation 

ARTERIAL CANNULAS 

The tip of the arterial cannula is usually the narrowest part of the perfusion system and at required 
flows small aortic and arterial catheters produce high pressure differentials, jets, turbulence, and 
cavitation. Most arterial catheters are rated by a performance index, which relates external 
diameter, flow, and pressure differential.24 High-velocity jets may damage the aortic wall, dislodge 
atheroemboli, produce dissections, disturb flow to nearby vessels, and cause cavitation and 
hemolysis. Pressure differences that exceed 100 mm Hg cause excessive hemolysis and protein 
denaturation.25 Weinstein26 attributed a predominance of left-sided stroke following cardiac surgery 
to the sand-blasting effect of end-hole aortic cannulas directing debris into the left carotid artery. 
Aortic catheters with only side ports27 are designed to minimize jet effects and better distribute arch 

vessel perfusion and pressure28 and may be associated with fewer strokes.26 

Recently a dual-stream aortic perfusion catheter has been developed that features an inflatable 
horizontal streaming baffle that is designed to protect the arch vessels from atherosclerotic and 
other emboli and permits selective cerebral hypothermia.29,30 Another novel aortic cannula features 
a side port that deploys a 120-µm mesh filter to remove particulate emboli beyond the ascending 
aorta.31 Although this catheter increased the pressure gradient by 50%,32 it removed an average of 
8 emboli in 99% of 243 patients and cerebral injuries were less than expected.33 

CONNECTION TO THE PATIENT 

Anatomic sites available for arterial inflow include the proximal aorta, innominate artery and distal 
arch, and femoral, external iliac, axillary, and subclavian arteries. The choice is influenced by the 
planned operation34 and distribution of atherosclerotic disease.35 

ATHEROSCLEROSIS OF THE ASCENDING AORTA 
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Dislodgement of atheromatous debris from the aortic wall from manipulation,36 cross-clamping, or 
the sand-blasting effect of the cannula jet is a major cause of perioperative stroke37,38 and a risk 
factor for aortic dissection39 and postoperative renal dysfunction.40 Simple palpation during transient 
hypotension or transesophageal echocardiography (TEE) is less sensitive and accurate for detecting 
severe atherosclerosis than epiaortic ultrasonic scanning.36,41,42 TEE views of the middle and distal 

ascending aorta are often inadequate,41–44 but some recommend this method for screening.44,45 
Epiaortic scanning is preferred for all patients who have a history of transient ischemic attack, 

stroke, severe peripheral vascular disease, palpable calcification in the ascending aorta, calcified 
aortic knob on chest radiograph, age older than 50 to 60 years, or TEE findings of moderate aortic 

atherosclerosis.36 Calcified aorta ("porcelain aorta"), which occurs in 1.2% to 4.3% of patients,46,47 
is another indication for changing the location of the aortic cannula.48,49 Alternative sites include the 
distal aortic arch46,50 and innominate, axillary-subclavian, or femoral arteries. 

ASCENDING AORTIC CANNULATION 

The distal ascending aorta is the preferred cannulation site because of ease and fewest 
complications. Most surgeons place two purse-string sutures (1.0–1.3 cm diameter) partially through 
the aortic wall, followed by a 4- to 5-mm, full-thickness stab wound, and insert the cannula under a 
finger while the mean arterial pressure is approximately 60 to 80 mm Hg. Usually the cannula is 
inserted 1 to 2 cm with a whiff of back bleeding, rotated to ensure that the tip is completely within 
the lumen, and positioned to direct flow to the mid transverse aorta. A few surgeons prefer a long 
catheter with the tip placed beyond the left subclavian artery.51 Proper cannula placement is 
critical28 and is confirmed by noting pulsatile pressure in the aortic line monitor and equivalent 
pressure in the radial artery. Once inserted the cannula must be adequately secured in place. 

Complications of ascending aorta cannulation Complications include difficult insertion; 
bleeding; tear in the aortic wall; intramural or malposition of the cannula tip (in or against the aortic 

wall, toward the valve, or in an arch vessel)52; atheromatous emboli; failure to remove all air from 
the arterial line after connection; injury to the aortic back wall; high line pressure indicating 
obstruction to flow; inadequate or excessive cerebral perfusion53; inadvertent decannulation; and 
aortic dissection.54,55 It is essential to monitor aortic line and radial artery pressures and to carefully 
observe the aorta for possible cannula-related complications during onset of CPB and during 
placement of aortic clamps. Asymmetric cooling of the face or neck may suggest a problem with 
cerebral perfusion. Late bleeding and infected or noninfected false aneurysms are delayed 
complications of aortic cannulation. 

Aortic dissection occurs in 0.01% to 0.09% of aortic cannulations39,55–58 and is more common in 
patients with aortic root disease. The first clues may be discoloration beneath the adventia near the 

cannula site, an increase in arterial line pressure, or a sharp reduction in return to the venous 
reservoir. TEE may be helpful in confirming the diagnosis,59 but prompt action is necessary to limit 
the dissection and maintain perfusion. The cannula must be promptly transferred to a peripheral 
artery or uninvolved distal aorta. Blood pressure should be controlled pharmacologically and 
perfusion cooling to temperatures less than 20°C initiated. During hypothermic circulatory arrest, 
the aorta is opened at the original site of cannulation and repaired by direct suture, patch, or 
circumferential graft.57,58 When recognized early, survival rates range from 66% to 85%, but when 
discovered after operation survival is approximately 50%. 

CANNULATION OF THE FEMORAL OR ILIAC ARTERY 
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These vessels are usually the first alternative to aortic cannulation, but are also indicated for 
initiating cardiopulmonary bypass quickly for severe bleeding, cardiac arrest, acute intraoperative 

dissection or severe shock, limited access cardiac surgery, and selected reoperative patients.3 
Femoral or iliac cannulation limits cannula size but the retrograde distribution of blood flow is similar 
to antegrade flow.60 

Femoral cannulation is associated with many complications3,61 that include tears, dissection, late 
stenosis or thrombosis, bleeding, lymph fistula, infection in the groin, or cerebral and coronary 
atheroembolism. In patients with prior aortic dissections femoral perfusion may cause malperfusion; 
thus some surgeons recommend alternative cannulation sites for these patients.62,63 Ischemic 
complications of the distal leg may occur during prolonged (3–6 hours) retrograde perfusions64,65 
unless perfusion is provided to the distal vessel. This may be provided by a small Y catheter in the 
distal vessel65 or a side graft sutured to the artery.66 

Retrograde arterial dissection is the most serious complication of femoral or iliac arterial cannulation 
and may extend to the aortic root and/or cause retroperitoneal hemorrhage. The incidence is 
between 0.2% and 1.3%67–70 and is associated with a mortality of about 50%. This complication is 
more likely in diseased arteries and in patients over 40 years old. The diagnosis is similar for an 
aortic cannula dissection and may be confirmed by TEE of the descending thoracic aorta.59 
Antegrade perfusion in the true lumen must be immediately resumed by either the heart itself or by 
cannulation in the distal aorta or axillary-subclavian artery. It is not always necessary to repair the 
dissected ascending aorta unless it affects the aortic root.67–69 

OTHER SITES FOR ARTERIAL CANNULATION 

The axillary-subclavian artery is increasingly used for cannulation.71–75 Advantages include freedom 
from atherosclerosis, antegrade flow into the arch vessels, and protection of the arm and hand by 

collateral flow. Because of these advantages and the dangers of retrograde perfusion in patients with 
aortic dissection, some surgeons prefer this cannulation site for these patients.63,75,76 Brachial 
plexus injury and axillary artery thrombosis are reported complications.71 The axillary artery is 
approached through a subclavicular incision; the intrathoracic subclavian artery may be cannulated 
through a left thoracotomy.77 

Occasionally the innominate artery may be cannulated through a purse-string suture without 
obstructing flow around a 7F to 8F cannula to the right carotid artery.34,49 The ascending aorta can 
also be cannulated by passing a cannula through the aortic valve from the left ventricular apex.78,79 
Coselli and Crawford80 also describe retrograde perfusion through a graft sewn to the abdominal 
aorta. 

Venous Reservoir 

The venous reservoir serves as volume reservoir and is placed immediately before the arterial pump 
when a membrane oxygenator is used (see Fig. 11-1). This reservoir serves as a high-capacitance (i.
e., low-pressure) receiving chamber for venous return, facilitates gravity drainage, is a venous 
bubble trap, provides a convenient place to add drugs, fluids, or blood, and adds storage capacity for 
the perfusion system. As much as 1 to 3 L of blood may be translocated from patient to circuit when 
full CPB is initiated. The venous reservoir also provides several seconds of reaction time if venous 
return is suddenly decreased or stopped during perfusion. 
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Reservoirs may be rigid (hard) plastic canisters ("open" types) or soft, collapsible plastic bags 
("closed" types). The rigid canisters facilitate volume measurements and management of venous air, 
often have larger capacity, are easier to prime, permit suction for vacuum-assisted venous drainage, 
and may be less expensive. Some hard-shell venous reservoirs incorporate macrofilters and 
microfilters and can serve as cardiotomy reservoirs and to receive vented blood. 

Disadvantages include the use of silicon antifoam compounds, which may produce microemboli,81,82 
risk of microembolism, and increased activation of blood elements.83 Soft bag reservoirs eliminate 
the blood-gas interface and by collapsing reduce the risk of pumping massive air emboli. 

Oxygenators 

Membrane oxygenators imitate the natural lung by interspersing a thin membrane of either 
microporous polypropylene (0.3- to 0.8- µm pores) or silicone rubber between the gas and blood 
phases. Compared to bubble oxygenators, membrane oxygenators are safer, produce less 
particulate and gaseous microemboli,84,85 are less reactive to blood elements, and allow superior 
control of blood gases.86,87 With microporous membranes, plasma-filled pores prevent gas entering 
blood but facilitate transfer of both oxygen and CO2. Because oxygen is poorly diffusible in plasma, 

blood must be spread as a thin film (approximately 100 µm) over a large area with high differential 
gas pressures between compartments to achieve oxygenation. Areas of turbulence and secondary 
flow enhance diffusion of oxygen within blood and thereby improve oxyhemoglobin saturation.88 
Carbon dioxide is highly diffusible in plasma and easily exits the blood compartment despite small 
differential pressures across the membrane. 

The most popular design uses sheaves of hollow fibers (120–200 µm) connected to inlet and outlet 
manifolds within a hard-shell jacket (Fig. 11-4). The most efficient configuration creates turbulence 
by passing blood between fibers and oxygen within fibers. Arterial PCO2 is controlled by gas flow, and 

PO2is controlled by the fraction of inspired oxygen (FIO2) produced by an air-oxygen blender. Modern 

membrane oxygenators add up to 470 mL of O2
 and remove up to 350 mL CO2 per minute at 1 to 7 

liters of flow with priming volumes of 220 to 560 mL and resistances of 12 to 15 mm Hg per liter 
blood flow. Most units combine a venous reservoir, heat exchanger, and hollow fiber membrane 
oxygenator into one compact unit. 

View larger version (48K):
[in this window]

FIGURE 11-4 Diagram of a hollow fiber membrane oxygenator and heat 
exchanger unit. Blood enters the heat exchanger first and flows over 
water-cooled or -warmed coils and then enters the oxygenator to pass 
between woven strands of hollow fibers. Oxygen enters one end of the 
bundles of hollow fibers and exits at the opposite end. The hollow fiber 
bundles are potted at each end to separate the blood and gas 
compartments. Oxygen and carbon dioxide diffuse in opposite directions 
across the aggregate large surface of the hollow fibers. 

http://cardiacsurgery.ctsnetbooks.org/cgi/content/full/2/2003/317 (9 of 46)04/05/2005 17:28:49

http://cardiacsurgery.ctsnetbooks.org/cgi/content/full/2/2003/317/F4
http://cardiacsurgery.ctsnetbooks.org/cgi/content/full/2/2003/317/F4


Extracorporeal Circulation: Perfusion Systems -- Hessel and Edmunds 2 (2003): 317 -- Cardiac Surgery in the Adult

[in a new window]
  

 
Oxygen and CO2 diffuse across thin silicone membranes, which are made into envelopes and wound 

around a spool to produce a spiral coil oxygenator. Gas passes through the envelope and blood 
passes between the coil windings. Because of protein leakage, which degrades membrane function, 
these spiral coil oxygenators are preferred over hollow fiber microporous oxygenators for the 
prolonged perfusions (days) used in respiratory support. 

A new membrane oxygenator features a very thin (0.05 µm), solid membrane on the blood side of a 
highly porous support matrix. This membrane reduces the risk of gas emboli and plasma leakage 
during prolonged CPB, but may impair transfer of volatile anesthetics.89 

Flow regulators, flow meters, gas blender, oxygen analyzer, gas filter, and moisture trap are parts of 
the oxygenator gas supply system used to control the ventilating gases within membrane 

oxygenators. Often an anesthetic vaporizer is added, but care must be taken to prevent volatile 
anesthetic liquids from destroying plastic components of the perfusion circuit. 

Bubble oxygenators are obsolete in the United States, but are used elsewhere for short-term CPB 
because of cost and efficiency. Because each bubble presents a new foreign surface to which blood 
elements react, bubble oxygenators cause progressive injury to blood elements and entrain more 
gaseous microemboli.90,91 In bubble oxygenators, venous blood drains directly into a chamber into 
which oxygen is infused through a diffusion plate (sparger). The sparger produces thousands of 
small (approximately 36 µm) oxygen bubbles within blood. Gas exchange occurs across a thin film at 
the blood-gas interface around each bubble. Carbon dioxide diffuses into the bubble and oxygen 
diffuses outward into blood. Small bubbles improve oxygen exchange by effectively increasing the 
surface area of the gas-blood interface,92 but are difficult to remove. Large bubbles facilitate CO2 

removal. Bubbles and blood are separated by settling, filtration, and defoaming surfactants in a 
reservoir. Bubble oxygenators add 350 to 400 mL oxygen to blood and remove 300 to 330 mL CO2 

per minute at flow rates from 1 to 7 L min.86,93 Priming volumes are less than 500 mL. Commercial 
bubble oxygenators incorporate a reservoir and heat exchanger within the same unit and are placed 
upstream to the arterial pump. 

Oxygenator malfunction requiring change during CPB occurs in 0.02% to 0.26% of cases,94–96 but 
the incidence varies between membrane oxygenator designs.97 Development of abnormal resistant 
areas in the blood path is the most common cause,96 but other problems include leaks, loss of gas 
supply, rupture of connections, failure of the blender, and deteriorating gas exchange. Blood gases 
need to be monitored to ensure adequate CO2 removal and oxygenation. Heparin coating may 

reduce development of abnormally high resistance areas.95 

Heat Exchangers 

Heat exchangers control body temperature by heating or cooling blood passing through the perfusion 
circuit. Hypothermia is frequently used during cardiac surgery to reduce oxygen demand or to 
facilitate operative exposure by temporary circulatory arrest. Gases are more soluble in cold than in 
warm blood; therefore, rapid rewarming of cold blood in the circuit or body may cause formation of 
bubble emboli.98 Most membrane oxygenator units incorporate a heat exchanger upstream to the 
oxygenator to minimize bubble emboli. Blood is not heated above 40°C to prevent denaturation of 
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plasma proteins, and temperature differences within the body and perfusion circuit are limited to 5°C 

to 10°C to prevent bubble emboli. The heat exchanger may be supplied by hot and cold tap water, 
but separate heater/cooler units with convenient temperature-regulating controls are preferred. 

Leakage of water into the blood path can cause hemolysis and malfunction of heater/cooler units 
may occur.94 

Separate heat exchangers are needed for cardioplegia. The simplest system is to use bags of 
precooled cardioplegia solution. More often cardioplegia fluid is circulated through through a 
dedicated heat exchanger or tubing coils placed in an ice or warm water bath. 

Pumps 

Most heart-lung machines use two types of pumps, although roller pumps can be used exclusively 
(Table 11-1). Centrifugal pumps are usually used for the primary perfusion circuit for safety reasons 
and for a possible reduction in injury to blood elements. However, this latter reason remains highly 
controversial and unproven.99–104 

View this table:
[in this window]

[in a new window]
  

TABLE 11-1 Roller versus centrifugal 
pump 

 
Centrifugal pumps (Fig. 11-5) consist of a vaned impeller or nested, smooth plastic cones, which 
when rotated rapidly, propel blood by centrifugal force.105 An arterial flowmeter is required to 
determine forward blood flow, which varies with the speed of rotation and the afterload of the 
arterial line. Unless a check valve is used,106 the arterial line must be clamped to prevent backward 
flow when the pump is off. Centrifugal blood pumps generate up to 900 mm Hg of forward pressure, 
but only 400 to 500 mm Hg of negative pressure and, therefore, less cavitation and fewer gaseous 
microemboli. They can pump small amounts of air, but become "deprimed" if over 30 to 50 mL of air 
enters the blood chamber. Centrifugal pumps are probably superior for temporary extracorporeal 
assist devices and left heart bypass, and for generating pump-augmented venous return. 

View larger version (17K):
[in this window]

[in a new window]
  

FIGURE 11-5 Diagrams of blood pumps. (A) Roller pump with two 
rollers, 180 degrees apart. The compression of the rollers against the 
raceway is adjustable and is set to be barely nonocclusive. Blood is 
propelled in the direction of rotation. (B) The impeller pump uses vanes 
mounted on a rotating central shaft. (C) The centrifugal pump uses three 
rapidly rotated, concentric cones to propel blood forward by centrifugal 
force. 

 
Roller pumps consist of a length of 1/4- to 5/8-inch (internal diameter) polyvinyl, silicone, or latex 
tubing, which is compressed by two rollers 180° apart, inside a curved raceway. Forward flow is 
generated by roller compression and flow rate depends upon the diameter of the tubing, rate of 
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