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EDITORIAL

“ROUTINE” PREOXYGENATION

It is a fact of great clinical importance that the body oxygen stores are so small, and if 
replenishment ceases, they are normally insufficient to sustain life for more than a few minutes. 
Breathing oxygen causes a substantial increase in the total oxygen stores; most of the additional 
oxygen is accommodated in the alveolar space (functional residual capacity) from which 80% may 
be withdrawn without the PaO2 falling below the normal vale. This concept is the basis of the 
preoxygenation technique1.

In 1955, Hamilton and Eastwood demonstrated that denitrogenation of the functional residual 
capacity of the lung is 95% complete within 2-3 minutes, if a subject is breathing at a normal tidal 
volume form a circle anesthesia system using an oxygen flow of 5 l/min2. These studies led to 
the recommendation of preoxygenation as a standard practice before rapid sequence induction of 
general anesthesia in patients with full stomach.

“Routine” preoxygenation has become a new “minimum standard” of care not only during 
induction of anesthesia and tracheal intubation, but also during emergence from anesthesia and 
tracheal extubation1.

The original American Society of Anesthesiologists (ASA) difficult airway algorithm made no 
mention of preoxygenation. However, in an updated report of the ASA Task Force on “Management 
of the Difficult Airway” 2003, the topic of face mask preoxygenation before initiating management 
of the difficult airway was added3.

Preoxygenation before induction of anesthesia was also recommended in patients with low 
functional residual capacity of the lung, associated with a high oxygen consumption. This category 
includes the neonates, the pregnant and the morbidly obese patients who rapidly decrease their 
oxygen saturation during apnea while breathing room air4.

Preoxygenation is also recommended in patients with decreased oxygen delivery (Cardiac 
output x Hb conc x% saturation x 1.34) which include patients with low cardiac output or pulmonary 
disease, as well as patients with low or abnormal hemoglobin such as methemoglobin.

Before induction of general anesthesia, preoxygenation can be achieved either by tidal volume 
breathing of 100% oxygen for 3-5 minutes using an oxygen flow of 5 l/min as described by Hamilton 
and Eastwood2, or by the 8 deep breaths technique for 60 seconds using an oxygen flow of 10 L/
min as described by Baraka et al5. The mean time to decrease of hemoglobin oxygen saturation 
from 100% to 99% is significantly longer during the subsequent apnea following the 8-deep 
breaths technique of preoxygenation than following the traditional tidal volume preoxygenation 
technique5. As suggested by Benumof, the 8 deep breaths technique may be considered the best 
method of preoxygenation for both efficacy and efficiency6. The high efficiency of preoxygenation 
by the deep breaths technique may be attributed to a relatively larger minute volume, and/or to 
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possible expansion of any collapsed alveoli by the 
deep breathing technique.

The beneficial effect of preoxygenation by tidal 
volume or deep breathing, can be further extended 
during subsequent apnea by the apneic diffusion 
oxygenation7-9. The technique of ADO has been 
advantageous not only in patients with a difficult 
airway or pulmonary disease, but also in children, the 
pregnant and the morbidly obese patients who have a 
high oxygen consumption associated with a relatively 
low FRC4. ADO has been also used to maintain 
oxygenation during bronchoscopy7, and one-lung 
ventilation10.

Apneic diffusion oxygenation (ADO) is achieved 
by preoxygenation by tidal volume2, or deep breathing 
technique5, to be followed by insufflations of high 
flow of 100% oxygen by a catheter into the pharynx 
via an open airway. During ADO, the increase in time 
to hemoglobin desaturation achieved by increasing 
the FIO2 from 0.9 to 1.0 is greater than that caused 
by increasing the FIO2 from 0.21 to 0.99. During 
ADO, CO2 is not exhaled because of the mass 
movement of oxygen down the trachea. The alveolar 
CO2 concentration (PACO2) shows an initial rise of 
8-16 mmHg during the first minute, followed by a 
subsequent fairly linear increase of about 3 mmHg/
min. Thus, the ADO can maintain oxygenation for a 
prolonged period. However, the increase of PaCO2 
will limit the period of apnea.

In conclusion, preoxygenation has been initially 

recommended for rapid-sequence induction of 
anesthesia in patients with full stomach, as well as 
in patients with predicted difficult airway. However, 
the technique is nowadays recommended as a routine 
during induction, as well as during recovery from 
general anesthesia, since difficult airway may be 
unpredicted.

Preoxygenation, followed by apneic diffusion 
oxygenation is indicated in patients who desaturate 
rapidly during apnea such as the neonate, the obese and 
the pregnant patients who have a relatively low FRC 
associated with a high oxygen consumption. ADO is 
also advantageous in patients with decreased oxygen 
delivery such as the elderly, cardiac and pulmonary 
diseased patients. The technique is also used to 
maintain oxygenation during certain procedures such 
as bronchoscopy, and one-lung ventilation.

“Routine” preoxygenation with 100% oxygen 
is considered a “safety” measure during anesthetic 
induction and emergence from anesthesia, and is 
advantageous in critically-ill patients requiring airway 
management. However, it must be used as an adjunct 
rather than an alternative to a sequence of fundamental 
precautions that minimize adverse sequelae1.
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