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Why do we need artificial lung? Or 
when is the time to use artificial 

lung?
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Introduction
• An implantable artificial lung is under development for the treatment of 

patients with advanced respiratory failure
• The device is intended primarily as a bridge to lung transplantation for 

patients with end-stage chronic pulmonary disease
• It may also be considered a treatment option for patients with severe 

acute respiratory failure
• The ultimate goal of implantable artificial lung development is to provide 

total or near-total respiratory support for a period of several weeks or 
several months
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Introduction
• Why develop an artificial lung?

o The engineering challenges at first glance are arguably more
complex than those associated with the development of
other artificial organs

o Conceptually, an artificial lung, designed for several weeks to
several months of near-total respiratory support, could be
used either in advanced chronic or acute respiratory failure
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Introduction
• In the case of chronic pulmonary failure, the artificial lung would 

be used as a bridge to lung transplantation

• In the case of acute pulmonary failure, the artificial lung would 
be a modality providing pulmonary support until the lungs heal 
when more conventional approaches have failed

• The only option at the present time for thousands of patients with 
chronic, end-stage lung disease is allogeneic lung 
transplantation
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Introduction
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Acute lung injury leading to 
the acute respiratory distress 
syndrome (ARDS)
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Historical Aspects of Implantable Artificial Lung Development
• The idea of an implantable artificial lung has been around for several 

decades

• Bodell et al., in 1965, described an implantable booster lung that 
consisted of a teflon graft sutured to the side of the pulmonary artery 
and to the left atrium
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Historical Aspects of Implantable Artificial Lung Development
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Artificial booster lung described by Bodell in 1965,
showing Teflon graft anastomosed to pulmonary
artery and left atrium. Gas exchange occurred
through ten foot lengths of silicone rubber capillary
tubing coiled up inside the graft. Adapted from
Bodell BR, Head JM, Head LR et al. An implantable

artificial lung. JAMA 1965; 191:125-127.
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Historical Aspects of Implantable Artificial Lung Development
• The inside of the graft contained silicone rubber capillary tubing (0.025 

inch outer diameter) through which the oxygenating gas flowed

• Gas exchange occurred as blood flowed through the graft, 
contacting the gas-permeable silicone rubber capillary tubes
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Historical Aspects of Implantable Artificial Lung Development
• Inlet and outlet gas lines exited through the chest wall
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Historical Aspects of Implantable Artificial Lung Development
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Early artificial lung design by Palmer et al. Inlet and
outlet blood connections were made to the left
pulmonary artery and the left atrium, respectively.
Blood flowed on the inside of silicone rubber tubing
assembled into multiple tubing modules. Gas flow,
resulting from the normal motion of the chest and
diaphragm, was passive through the silicone rubber
“ventilating envelope”; the artificial bronchus exited
through the chest wall and was open to the
atmosphere
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Basic Features
• Utilizing currently available materials as the gas exchange surface, the 

implantable artificial lung that is compact, yet efficient, is composed 
of a bank of hollow fibers (e.g., microporous polypropylene) across 
which flows the blood and through which flows the oxygenating gas
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Basic Features
• This cross-flow configuration, as long as the blood channels are not too 

wide and the blood path is winding, ensures good convective mixing 
at the boundary layer between blood and the fiber surface
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Basic Features
• Blood enters the housed bundle 

à oxygenation and carbon dioxide removal occur as the blood 
passes through the fiber bank 

à the oxygenated blood exits the fiber bundle on the opposite side
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Basic Features
• The fiber bundle is encased in a housing material that 

optimally is nonreactive and will not erode into 
surrounding structures in the thoracic cavity

• The oxygenating gas enters a manifold at one end à
distributes and flows through the lumens of the hollow 
fibers à enters a manifold at the other end à exits
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Basic Features
• There are, therefore, four attachments to the artificial lung:-

o Inlet (deoxygenated blood)
o Outlet (oxygenated blood)
o Two gas lines
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Basic Features
• The inlet and outlet blood lines may be entirely intrathoracic, 

anastomosed

• Intrathoracic
o Within the thorax or chest

• Anastomosed
o To be connected by anastomosis, as blood vessels

• Example
o To the proximal and distal pulmonary artery
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Basic Features
• The gas lines, on the other hand, are extracorporeal, exiting the 

thoracic cavity through the chest wall

• The inlet gas is generally 100% O2 to achieve maximum oxygen transfer 
through the device
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Basic Features
• The exit gas line, up to now, has also been extracorporeal, but 

conceivably could be intrathoracic if a connection between a 
bronchus or the trachea was surgically established
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