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HISTORY OF MECHANICAL VENTILATION

Mechanical ventilation has a long, storied history. Descriptions of positive-pressure
ventilation can be found in the Old Testament, in writings dating from 800 BC. A pas-
sage from Kings 4:34 to 35 describes the Prophet Elisha performing mouth-to-mouth
ventilation on a dying child1:
And he went up, and lay upon the child, and put his mouth upon his mouth, and his

eyes upon his eyes, and his hands upon his hands: and stretched himself upon the
child; and the flesh of the child waxed warm.
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KEY POINTS

� Mechanical ventilation is a commonly used but sometimes poorly understood modality in
the emergency department.

� In the modern emergency department, where patients remain under the care of the emer-
gency physician for a longer duration, physicians must become comfortable with treating
ventilated patients for extended periods.

� Emergency physicians need to understand how to initiate, titrate, andmanagemechanical
ventilation.

� Emergency physicians must have the ability to adapt ventilatory strategies for specific pa-
tients, understand the potential harms of mechanical ventilation, and take action to reduce
their incidence.
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Hippocrates described the process of endotracheal intubation in his book Treatise
on Air, published in 460 BC: “One should introduce a cannula into the trachea along the
jaw bone so that air can be drawn into the lungs.”1

Despite these early forays into positive-pressure ventilation, our application of me-
chanical ventilation took a dark turn in England in the 18th century. Doctors used bel-
lows and a long tube inserted in the rectum to blow smoke into a drowned patient’s
gastrointestinal tract. Their intention was to stimulate the failing myocardium and
dry the recently submerged body from the inside.2 As medical knowledge advanced,
this practice lost favor because of its obvious absurdity. Although some would say our
understanding of mechanical ventilation has grown immensely since that era, others
would argue that we have merely learned the appropriate orifice through which to
ventilate!
This article reviews the common modes of mechanical ventilation that emergency

physicians are likely to experience in their practice, discusses the strengths and weak-
nesses of the various approaches, and proposes a strategy of how best to initiate and
maintain mechanical ventilation in the wide range of patients who are intubated in the
emergency department.

INTRODUCTION TO VARIABLES

In 1493, Paracelsus, a Swiss German renaissance physician, inserted a tube con-
nected to fire bellows into a patient’s mouth to assist with ventilation. A person
pumped the bellows, delivering breaths to the patient. The force, rate, and timing of
each breath were left to the prerogative of whoever was squeezing the bellows.3 In
modern ventilators, we have outsourced these tasks to a mechanical circuit with
adjustable settings.
Imagine that you have just intubated a patient and now must provide adequate

ventilator support. Instead of a modern ventilator, you have a turn-of-the-century bel-
lows device. You also have an assistant, who will pump the device in your absence.
How would you instruct him to ventilate your patient?

Management of Ventilation

Trigger
When should your eager assistant pump the bellows? After all, you cannot stand next
to the bedside, commanding him to pump the bellows each time you want to give your
patient some air. If you instructed him to pump the bellows once every 6 seconds, then
your patient would receive a fixed respiratory rate independent of his or her own res-
piratory efforts. On the other hand, if you instructed your assistant to pump the bellows
only when the patient initiated a spontaneous breath, you would simply be augmenting
your patient’s own respiratory rate. The trigger is simply the stimulus that notifies your
assistant or the modern-day ventilator when to deliver a breath.4,5

Limit
Now that you have instructed your assistant when to pump the bellows, how much air
should he deliver? Should he deliver the maximum volume the bellows contains, or
would it be prudent to tailor the amount of gas delivered to the size and requirements
of the patient? Traditionally, the quantity of breath delivered is controlled in 2 ways:
volume controlled and pressure controlled. Volume-controlled ventilation delivers a
fixed volume of gas with each breath.4 But, in some cases, control over the volume
of breath delivered is not ideal (discussed in more detail later). In such scenarios,
the assistant should be instructed to pump the bellows until a specific pressure is
reached on the manometer attached to the bellows device. Once this threshold is
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