
4.3 Introduction to the Heart–Lung Machine 

A heart–lung machine, also known as a cardiopulmonary bypass machine, is a 

medical device that temporarily takes over the functions of the heart and lungs during 

certain surgical procedures, most commonly open-heart surgery. The machine 

maintains the circulation of blood and the oxygen content of the body while the heart is 

stopped, allowing surgeons to operate on a still and bloodless heart. In normal 

physiological conditions, the heart pumps blood throughout the body while the lungs 

oxygenate the blood and remove carbon dioxide. However, during cardiac surgery, 

these functions must be artificially maintained.  

The heart–lung machine performs these roles by withdrawing deoxygenated 

blood from the patient’s body, oxygenating it through an artificial lung (oxygenator), 

removing carbon dioxide, and then pumping the oxygenated blood back into the arterial 

system. The development of this technology revolutionized cardiac surgery and made 

complex procedures such as coronary artery bypass grafting, valve replacement, 

congenital defect repair, and heart transplantation possible. From a biocontrol 

perspective, the heart–lung machine is an advanced system that integrates sensors, 

pumps, temperature regulators, and feedback control mechanisms to maintain 

physiological stability during surgery. 

 



Basic Principle of Operation 

The heart–lung machine operates on the principle of extracorporeal circulation, 

meaning that blood is temporarily diverted outside the body, processed, and returned to 

the circulation. During surgery, cannulas are inserted into the patient’s major blood 

vessels to allow blood to flow into and out of the machine. Venous blood from the 

patient is drained into a reservoir through gravity or suction. This blood then passes 

through an oxygenator, where gas exchange occurs. Oxygen is added to the blood, and 

carbon dioxide is removed, mimicking the natural function of the lungs. After 

oxygenation, the blood is pumped back into the patient’s arterial system through an 

arterial cannula. 

 The machine also includes a heat exchanger that allows clinicians to regulate 

the temperature of the blood. Temperature control is important because lowering body 

temperature during surgery reduces metabolic demand and protects organs from 

damage. Throughout the process, various sensors measure parameters such as blood 

pressure, oxygen saturation, temperature, and flow rate. Control systems continuously 

adjust the operation of pumps and gas flow to maintain physiological balance. 

 

 



Components of the Heart–Lung Machine 

The heart–lung machine consists of several major components that work together 

to maintain blood circulation and gas exchange. The primary components include 

venous reservoirs, pumps, oxygenators, heat exchangers, filters, tubing systems, and 

monitoring devices. The venous reservoir collects deoxygenated blood from the 

patient’s venous system and serves as a temporary storage chamber before blood enters 

the oxygenator. Pumps are responsible for maintaining blood circulation through the 

extracorporeal circuit.  

The most commonly used pump is the roller pump, although centrifugal pumps 

are also widely used. Oxygenators perform the gas exchange process and are often 

referred to as artificial lungs. Modern oxygenators use semi-permeable membranes to 

separate blood from oxygen gas while allowing diffusion of gases. Heat exchangers 

regulate blood temperature by transferring heat between the blood and a temperature-

controlled fluid. Filters are used to remove air bubbles, clots, and other impurities from 

the blood before it is returned to the patient. Tubing connects all components and forms 

the extracorporeal circuit through which blood flows. Monitoring devices and sensors 

measure various physiological parameters and provide real-time information to the 

perfusionist, the specialist responsible for operating the heart–lung machine. 

 

Venous Reservoir 

The venous reservoir plays a critical role in the heart–lung machine system by collecting 

blood from the patient’s venous circulation. Blood enters the reservoir through cannulas 

inserted into the superior and inferior vena cava or the right atrium. The reservoir serves 

as a holding chamber that ensures a continuous supply of blood to the oxygenator and 

pump. It also allows air bubbles to separate from the blood before further processing. 

Modern reservoirs are designed with features such as level sensors, filters, and air 

removal mechanisms to improve safety. Maintaining the proper blood level in the 

reservoir is essential to prevent air from entering the circulation or interrupting blood 



flow. The reservoir also acts as a buffer that accommodates variations in blood flow 

during surgery. 

 

Blood Pumps 

Blood pumps are essential components of the heart–lung machine because they 

maintain circulation through the extracorporeal circuit. The most commonly used pump 

in traditional systems is the roller pump. A roller pump consists of rotating rollers that 

compress flexible tubing to push blood forward. This design ensures a consistent flow 

rate that can be precisely controlled by adjusting the pump speed. However, excessive 

pressure may damage blood cells if not properly regulated. Another commonly used 

pump is the centrifugal pump, which uses a spinning rotor to generate centrifugal force 

that moves blood through the system. Centrifugal pumps are considered safer because 

they reduce the risk of excessive pressure and blood cell damage. From a control 

systems perspective, pump speed and flow rate are continuously monitored and adjusted 

to maintain stable blood circulation during surgery. 

 

Oxygenators (Artificial Lungs) 

Oxygenators are responsible for performing the gas exchange function that normally 

occurs in the lungs. Early heart–lung machines used bubble oxygenators, where oxygen 

was bubbled directly through the blood. Although effective, bubble oxygenators could 

damage blood cells and produce excessive foam. Modern systems use membrane 

oxygenators, which contain thin semi-permeable membranes that separate blood from 

oxygen gas. Oxygen diffuses through the membrane into the blood, while carbon 

dioxide diffuses out of the blood into the gas phase. This method is safer and more 

efficient because it reduces blood trauma and prevents direct contact between blood and 

gas bubbles. Oxygenators are carefully controlled to maintain appropriate oxygen 

concentration and gas flow rates, ensuring adequate oxygen delivery to the patient’s 

tissues. 



 

Heat Exchanger 

Temperature regulation is an important function of the heart–lung machine. The heat 

exchanger allows clinicians to cool or warm the patient’s blood during surgery. Cooling 

the body reduces metabolic activity and oxygen consumption, which protects vital 

organs during periods of reduced blood flow. After the surgical procedure is completed, 

the heat exchanger gradually warms the blood back to normal body temperature. The 

heat exchanger works by passing blood through a chamber surrounded by temperature-

controlled water or another heat transfer fluid. Sensors monitor the blood temperature, 

and control systems adjust the temperature of the circulating fluid to achieve the desired 

thermal conditions. 

 

Monitoring and Control Systems 

Modern heart–lung machines incorporate advanced monitoring and control systems to 

ensure patient safety and physiological stability. Sensors measure parameters such as 

arterial pressure, venous pressure, blood flow rate, oxygen saturation, hematocrit levels, 



and temperature. These measurements are displayed on monitoring screens, allowing 

the perfusionist to make adjustments as necessary. Automated alarm systems alert the 

operator if any parameter exceeds safe limits. Control mechanisms regulate pump 

speed, gas flow, and temperature to maintain optimal physiological conditions. In the 

field of biocontrol engineering, these systems represent complex feedback loops that 

maintain homeostasis during surgery. 

 

Clinical Applications 

Heart–lung machines are primarily used in open-heart surgeries and other procedures 

that require temporary cardiac arrest. Common surgical applications include coronary 

artery bypass grafting, heart valve repair or replacement, congenital heart defect 

correction, and heart transplantation. In addition to cardiac surgery, modified 

extracorporeal circulation systems such as extracorporeal membrane oxygenation are 

used to support patients with severe respiratory or cardiac failure. These technologies 

demonstrate the broader importance of artificial circulation systems in critical care 

medicine. 

 

Advantages and Limitations 

The heart–lung machine provides several important advantages in modern medicine. It 

allows surgeons to operate on a still heart, improves visibility during surgery, and 

enables complex cardiac procedures that would otherwise be impossible. It also 

maintains oxygen delivery and blood circulation to vital organs during surgery. 

However, the use of cardiopulmonary bypass can also lead to complications such as 

blood clot formation, inflammatory responses, and potential damage to blood cells. 

Engineers and clinicians continuously work to improve the design of these machines to 

minimize such risks and enhance patient safety. 

 



Conclusion 

The heart–lung machine represents one of the most significant achievements in 

biomedical engineering and medical technology. By temporarily replacing the functions 

of the heart and lungs, the machine allows surgeons to perform life-saving cardiac 

procedures with high precision. The system integrates mechanical pumps, oxygenators, 

heat exchangers, sensors, and control mechanisms to maintain physiological stability 

during surgery. Continuous advancements in materials, control systems, and biomedical 

instrumentation have improved the safety and efficiency of modern heart–lung 

machines. From a biocontrol perspective, the device serves as an excellent example of 

how engineering principles can be applied to regulate complex biological processes and 

support human life during critical medical interventions. 

 

 

 

 


