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Cardiopulmonary Bypass

§ Cardiopulmonary bypass (CPB), also called heart-lung bypass, allows 
the temporary replacement of the gas exchange function of the lungs and 
the blood-pumping function of the heart

§ The terms pump-oxygenator and heart–lung machine graphically 
describe the equipment used

§ By extension, the term is also applies to surgical procedures which take 
place primarily on the external aspects of the heart, such as creating new 
routes for blood to reach the distal coronary arteries from the aorta
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Cardiopulmonary Bypass

§ As usually employed for cardiac surgery, the heart–lung machine is 
part of a total, venoarterial cardiopulmonary bypass circuit
à meaning that all the venous blood returning to the right heart cavities is 
collected in the extracorporeal circuit 

à circulated through the gas exchange device, from where it is pumped 
back into the arterial tree

à thereby “bypassing” the heart cavities and the pulmonary circulation
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Cardiopulmonary Bypass

Scheme of standard operating
conditions during cardiopulmonary
bypass
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Cardiopulmonary Bypass
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Artificial Lung

A r t i f i c i a l L u n g v s . N a t u r a l L u n g
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Artificial Lung vs. Natural Lung

§ In the natural lungs, the factors underlying exchange across 
the alveolo-capillary barrier and transport by the blood can be 
grouped into four classes:-

ú The ventilation of the lungs (the volume flow rate of gas) and the
composition of the gas mixture to which mixed venous (pulmonary artery)
blood will be exposed
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Artificial Lung vs. Natural Lung

§ In the natural lungs, the factors underlying exchange across 
the alveolo-capillary barrier and transport by the blood can be 
grouped into four classes:-

ú The permeability of the materials which separate the gas phase from the
blood phase in the pulmonary alveoli
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Artificial Lung vs. Natural Lung

§ In the natural lungs, the factors underlying exchange across 
the alveolo-capillary barrier and transport by the blood can be 
grouped into four classes:-

§ The gas carrying capacity of the blood as regards oxygen and 
carbon dioxide (and secondarily nitrogen and anesthetic gases)
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Comparison between Artificial Lung and 
Natural Lung
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Comparison between Artificial Lung and 
Natural Lung

Exchange surface area
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Comparison between Artificial Lung and 
Natural Lung

Gas Side
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Comparison between Artificial Lung and 
Natural Lung

Blood Side
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Artificial Lung

C o u p l i n g o f O 2 a n d C O 2 E x c h a n g e



Coupling of O2 and CO2 Exchange

§ A priori, it seems undesirable to operate under blood-limited 
conditions because full advantage is not taken of the membrane 
permeability

§ Therefore, an increase in the blood-side mass transfer efficiency is 
valuable, but only to the point where the ratio of CO2 to O2

transport rates is equal to the respiratory quotient
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Coupling of O2 and CO2 Exchange

§ Beyond that point, further improvements in design will not 
reduce the size of the device required unless membrane 
permeability to CO2 is increased, thereby moving the 
operating point on the curve to the left and justifying the use 
of a more efficient exchange device
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Artificial Lung

Gas Transport Improvement



Shear-Induced Transport Augmentation and Devices 
for Improved Gas Transport

20



Shear-Induced Transport Augmentation and Devices 
for Improved Gas Transport
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Artificial Lung

Summary



Summary

§ Artificial lung
ú A device which allows for continuous exchange for oxygen and carbon
dioxide between circulating blood and a controlled gas atmosphere

§ Blood oxygenator
ú Synonymous with artificial lung, with the accent placed on oxygen
transport, which is the most critical aspect of natural lung replacement,
since the body oxygen reserves are very limited

ú Depending upon the physical process used for blood–gas transfer, artificial
lungs are classified as bubble oxygenators, stationary or rotating film
oxygenators, andmembrane oxygenators
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Summary

§ Boundary layer
ú The film of blood adjacent to a permeable membrane, which, by
reason of local fluid dynamics, is not renewed at the same rate as
blood in the core of the flow path, thereby creating an additional
diffusion barrier between the blood and the gas phase
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Summary

§ Bypass
ú Derivation or rerouting of blood around an organ or body part, to
diminish its blood supply, to abolish local circulation for the duration
of a surgical intervention, or to increase blood flow permanently
beyond an obstruction

ú The qualifier used with the word bypass designates the organ so
isolated (e.g., left ventricular bypass, coronary artery bypass)
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Summary

§ Extracorporeal circulation
ú Artificial maintenance of blood circulation by means of pumps
located outside of the body, with blood fed through catheters
advanced in an appropriate blood vessel and returning the blood to
another blood vessel
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Summary

§ Hollowfiber
ú Acapillary tube of polymeric material produced by spinning a melted
or dissolved polymer through an annular orifice

§ Membrane
ú A solid or liquid phase which acts as a barrier to prevent coalescence
of neighboring compartments while allowing restricted or regulated
passage of one or more molecular species
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Summary

§ Priming volume
ú The volume of liquid (blood, plasma, synthetic plasma expanders, or
electrolyte solutions) needed to fill all components of an
extracoporeal circuit (oxygenator, heat exchanger, blood pumps,
filter, tubing, and catheters) so as to avoid exsanguination once the
intracorporeal and extracorporeal circulation systems are joined
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