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airway management
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Maximizing preoxygenation is the cornerstone of safe emergency
airway management both in the emergency department (ED) and
in prehospital settings. Emergency patients are particularly vulnera-
ble to hypoxemic deterioration during apnea due to factors such as
impaired lung function, anemia, and/or increased metabolic de-
mands. Preoxygenation aims to extend the safe-apnea time.[1] How-
ever, in clinical practice, this critical step is often underemphasized
or inadequately performed.

A recent randomized crossover trial by Roveri et al.[2] evaluated
3 preoxygenation strategies in healthy volunteers: 15 L/min oxygen
via non-rebreather mask (NRM), bag-valve-mask (BVM), and
BVMwith 8 cm H₂O positive end-expiratory pressure (PEEP), each
administered for 3 minutes. The addition of PEEP led to signifi-
cantly higher expired oxygen concentrations (FeO₂) and improved
ventilation of dependent lung regions. This finding underscores that,
even in healthy individuals, applying PEEP on exhalation improves
preoxygenation efficacy.

However, we would like to highlight a practical enhancement
that could further optimize preoxygenation using a BVMplus PEEP
valve in ED and prehospital settings. Prior operating theater studies
showed that CPAP during preoxygenation prolonged safe apnea
time.[3–5] In some EDs and prehospital services, nasal cannula oxy-
gen is routinely applied to facilitate apneic oxygenation during
emergency induction. An underappreciated advantage of using na-
sal cannula at ≥10 L/min during BVM plus PEEP preoxygenation
is the generation of continuous positive airway pressure (CPAP)
across the entire respiratory cycle, i.e., CPAP rather than PEEP. This
effect persists regardless of respiratory rate—even during apnea—
unlike the intermittent PEEP generated by a BVM with PEEP valve
alone.[1]

This combined approach of BVM, PEEP, and supplemental oxygen
via nasal cannula offers several theoretical advantages. Continuous,
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rather than intermittent, positive pressure may enhance denitrogenation
in lung-healthy individuals, potentially achieving higher end-tidal oxygen
concentrations (EtO₂). Often underappreciated, nasal oxygen flow rates
≥10 L/min may mitigate the impact of mask leaks on preoxygenation
efficacy.[6,7] Of note, flow rates below 10 L/min may be deleterious to
preoxygenation and should hence be avoided.[7]

Furthermore, apneic oxygenation via nasal cannula during laryn-
goscopy has been associated with improved peri-intubation oxygen
saturation, reduced rates of hypoxemia, and increased first-pass in-
tubation success.[8] In some departments, a practical barrier to im-
plementation of routine use of apneic oxygenation is that nasal can-
nula are often not applied before preoxygenation begins, requiring
placement during apnea, potentially delaying laryngoscopy. This is
resolved by routinely applying nasal cannula at ≥10 L/min from
the start of preoxygenation alongside BVM with PEEP.[9]

At the same time, the potential hemodynamic effects of PEEP
must be considered, particularly that PEEP may reduce venous re-
turn in shocked patients.[9] However, applying PEEP—or more ac-
curately, CPAP—during preoxygenation can serve as a useful stress
test to identify patients at risk of hemodynamic collapse during in-
duction. Those who are “PEEP sensitive”may benefit from adjusted
anesthetic dosing and pre-induction hemodynamic resuscitation in-
cluding volume restoration, vasoactive support, and/or relief of ob-
structive shock. Because positive pressure ventilation after intuba-
tion will amplify this change, identifying at-risk patients beforehand
is clinically valuable.

When using a BVM in a spontaneously breathing patient, clini-
cians must be aware that a BVM does not necessarily deliver an
FiO₂ of 100%. The actual fraction of delivered oxygen (FDO₂) has
been shown to vary substantially by BVM manufacturer, with
values reported as low as 39.0% (95% confidence interval [CI]:
38.7%–39.3%), making some BVMs inadequate for spontaneously
breathing patients. BVMs that utilize a duckbill valve without a ded-
icated disc to block the exhaust port during inspiration perform
worse than those equipped with a disc-type patient valve. The addi-
tion of an expiratory cap or a PEEP valve to the exhaust port can re-
duce entrainment of ambient air and thereby improve FiO₂.[10]

Another recent study that should shape emergency clinicians’ un-
derstanding of preoxygenation is the PREOXI trial, which com-
pared noninvasive ventilation (NIV) to standard oxygen mask
preoxygenation in critically ill ED and ICU patients. NIV was deliv-
ered with an apnotic ventilation rate ≥10/min.[11] Hypoxemia, de-
fined as SpO₂ <85% between induction and 2 minutes post-intuba-
tion, occurred in 9.1% of the NIV group vs. 18.5% in the oxygen
mask group (absolute risk reduction 9.4%; 95% CI: −13.2% to
−5.6%; P < 0.001). Even with the exclusion of patients with apnea,
those with hypopnea, or those already receiving positive-pressure
ventilation (populations in whom the physiological benefit of NIV
would be expected to be greatest), the study demonstrated a statisti-
cally significant reduction in hypoxemia. This strategy is also re-
ferred to as ventilator-assisted preoxygenation (VAPOX).[12]
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In the study byRoveri et al., a mean FeO₂ of 52.5% (standard de-
viation [SD]: 6.1%; P < 0.001) was achieved after 3 minutes of
preoxygenation using an NRM.[2] In contrast, another study in
healthy volunteers applied flush-rate oxygen by deliberately turning the
flowmeter beyond the 15 L/min mark, achieving actual flow rates of
50–54 L/min. With this method, a mean FeO₂ of 86% (95% CI: 84%–

88%) was reached after 3 minutes of preoxygenation.[13] However, this
approach may have limited applicability in European and Australian
settings, where wall-mounted flowmeters rarely deliver flows above
15 L/min, and exceeding this rate in prehospital environments can rap-
idly deplete oxygen cylinders. For example, in an Australian study
using healthy volunteers, NRMwith flush-rate oxygen achieved a me-
dian EtO₂ of only 55% (interquartile range, 51%–61%).[14]

High-flow nasal cannula (HFNC) is another preoxygenation strat-
egy. A recent meta-analysis in critically ill patients found that HFNC re-
duced hypoxemia compared to facemask oxygen (relative risk [RR]:
0.51; 95%CI: 0.39–0.65; P < 0.001; high certainty), but not compared
to NIV (RR: 0.73 [0.55–0.98]; P = 0.032; moderate certainty).[15]

In summary, emergency clinicians must be aware of the advan-
tages and limitations of different preoxygenation strategies in order
to tailor their approach to both patient physiology and situational
factors. Recent evidence especially supports the use of either (1)
BVM plus PEEP in combination with nasal cannula oxygen at
≥10 L/min, applied with a tight seal and two-handed technique, or
(2) noninvasive ventilation for preoxygenation in emergency airway
management. Use of an NRM at 15 L/min alone will often be inad-
equate; however, efficacy can be improved by using true flush-rate
oxygen and/or adding nasal cannula oxygen at ≥10 L/min. Regard-
less of the technique, early application of nasal cannula oxygen dur-
ing the resuscitation may assist in facilitating a smoother transition
to both preoxygenation and apneic oxygenation.
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