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recent years, the concept of a difficult physiological airway 
has emerged, in reference to the physiological conditions of 
some patients that complicate airway management, with an 
increased incidence of desaturation, hemodynamic instabil-
ity and even cardiocirculatory arrest. In all these circum-
stances it is vital to maximize oxygen delivery to increase 
the safe apnea time in subjects especially prone and vulner-
able to hypoxemia. It is precisely in these situations where 
apneic oxygenation plays a fundamental role in increasing 
safety during the intubation process.

The initial step in ensuring airway safety is effective pre-
oxygenation tailored to each patient, aiming to achieve an 
exhaled fraction of oxygen (EtO2) exceeding 90% before 
apnea onset. Following induction of general anesthesia, oxy-
genation is typically achieved through intermittent positive 
pressure ventilation via a facemask, which must be removed 
during tracheal intubation. Subsequently, maintaining oxy-
gen supply to the lungs becomes feasible through apneic 
oxygenation techniques, initially described in humans 
by Comroe and Dripps in 1946 [2]. The efficacy of these 
techniques hinges on three key factors: the presence of a 
high concentration of oxygen in the lungs and dead space, 

Introduction

The delivery of oxygen to patients is a fundamental aspect 
of anesthetic practice, given that oxygen saturation (SpO2) 
falling below 70% may precipitate dysrhythmias, hypoxic 
brain injury and death [1]. This becomes particularly impor-
tant in patients with a difficult airway, compromised respi-
ratory reserve (such as the obese patient, pregnant women, 
infants, individuals with obstructive pulmonary disease, 
or pulmonary fibrosis) or increased oxygen consumption 
(e.g., obese patients, pregnant women, children, or those 
with sepsis), and during rapid sequence induction (RSI). In 
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Purpose of Review The purpose of this review is to explore the underlying physiology and clinical applications of apneic 
oxygenation, a technique first described in humans in the mid-20th century. Specifically, we aim to summarize its signifi-
cance in critical care and anesthetic management.
Recent Findings High-flow nasal oxygenation (HFNO) has emerged as an innovative apneic oxygenation system with wide-
spread acceptance, leading to its rapid adoption. Recent literature underscores the diverse applications of HFNO in periop-
erative medicine and its associated benefits. In this section, we analyze the latest available data and delineate the potential 
role of HFNO based on the current state of knowledge.
Summary HFNO represents a groundbreaking advancement in apneic oxygenation, enhancing its efficacy significantly. 
This technique is rapidly gaining popularity due to its simplicity in setup, patient tolerability, and its capacity to deliver a 
high fraction of inspired oxygen along with positive airway pressure. Its versatility extends across various clinical scenarios, 
including induction of anesthesia and tubeless upper airway surgery. Furthermore, its utility extends to critical care, obese, 
obstetric, and pediatric patient populations.
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a patent airway (by jaw thrust or laryngoscopy with eleva-
tion of the epiglottis from the posterior pharyngeal wall), 
and adequate blood circulation [3]. These techniques serve 
to extend safe apnea duration and offer additional time to 
explore and execute alternative airway management strate-
gies when securing the airway proves challenging. In recent 
years, significant advancements in these techniques have 
been facilitated by Transnasal Humidified Rapid-Insuffla-
tion Ventilatory Exchange (THRIVE) systems, which also 
enable preoxygenation. Apneic oxygenation techniques 
hold particular significance during laryngotracheal surger-
ies where maintaining an airway that is not obstructed by an 
endotracheal tube is preferred for the procedure’s execution.

Methods

We conducted a comprehensive literature search in PubMed 
to identify pertinent articles (updated as of February 15, 
2024). The search strategy involved employing the follow-
ing terms: “apneic oxygenation”, “THRIVE,” and “high-
flow nasal oxygen”. Abstracts of the identified articles 
were scrutinized for relevance, and their references were 
screened to locate additional pertinent publications. Subse-
quently, a thorough review of the full text was performed for 
233 articles, out of which 107 met the inclusion criteria for 
the final review.

Physiological Mechanism of Apneic 
Oxygenation

In adults, normal breathing entails approximately 250 mL/
min of oxygen flowing from the alveoli into the bloodstream 
with a corresponding return of carbon dioxide (CO2) from 
the bloodstream to the alveoli. However, during apnea, while 
about 250 mL/min of oxygen continues to move from the 
alveoli into the bloodstream, only a fraction of blood CO2 
is transported towards the alveoli (typically ranging from 
8 to 20 mL/min), with the remainder buffered within the 
bloodstream and tissues. This disparity between the volume 
of oxygen exiting and CO2 entering the alveoli generates a 
negative pressure within the alveoli. This slightly subatmo-
spheric pressure gradient facilitates gas diffusion from the 
pharynx to the alveoli, contingent upon the patency of the 
upper airway through techniques such as jaw thrust or sus-
pension laryngoscopy [4, 5]. Consequently, alveoli continue 
to receive oxygen even in the absence of diaphragmatic 
movements or lung expansion. This phenomenon of mass 
movement of oxygen has been termed “aventilatory mass 
flow” [6], supplanting earlier terminologies such as “diffu-
sion respiration” [7] and “apneic diffusion of oxygenation” 

[8], as gas transfer primarily occurs through mass flow 
rather than diffusion within the respiratory tree [9]. The 
onset of atelectasis under anesthesia induces ventilation–
perfusion mismatch, progressively impeding the pulmonary 
circulation’s ability to extract insufflated oxygen, ultimately 
resulting in hypoxemia over a variable timeframe [10].

Apneic oxygenation is facilitated by the denitrogenation 
of the lungs during the preoxygenation phase preceding 
apnea. Denitrogenation elevates alveolar oxygen content 
and enhances the negative alveolar pressure generated upon 
oxygen transfer into the blood. Conversely, the presence of 
nitrogen (N2) and accumulated CO2 in the lungs diminishes 
the pressure gradient and oxygen transfer to the lungs, has-
tening the onset of hypoxemia [11]. Hence, apneic oxygen-
ation lacks proven efficacy as a rescue technique in already 
desaturated patients [10].

Other mechanisms may also contribute to apneic oxy-
genation. Cardiogenic oscillations, which are airflow varia-
tions resulting from cardiac contractions, may aid in gas 
exchange during apnea [12]. Similarly, direct compression 
and expansion of the lung parenchyma adjacent to the heart, 
along with pulsatile flow in the pulmonary vasculature, 
might generate additional gas flow [13].

Moreover, the subatmospheric alveolar pressure facili-
tates CO2 transfer from the blood to the alveoli [10]. How-
ever, as alveolar CO2 accumulates over time, the pressure 
gradient for oxygen transfer diminishes, compounded by the 
adverse effects associated with profound hypercapnia, thus 
limiting the long-term utility of apneic oxygenation.

Apneic Oxygenation Techniques

Several techniques have been developed for apneic oxy-
genation, all aimed at delivering oxygen at high flow rates 
through various points in the airway [14]:

1. Nasal techniques. Oxygen is administered directly into 
the nostrils through nasal prongs (Fig. 1A and B) or 
into the nasopharynx through a nasopharyngeal cannula 
(Fig. 1C).

2. Oral techniques. Oxygen is delivered via a endotracheal 
tube placed into the side of the mouth [15] or mounted 
in a videolaryngoscope (Fig. 1D).

3. Other less commonly used techniques. Oxygen can 
be administered directly into the trachea through the 
lateral channel of a rigid bronchoscope during airway 
surgery (dilation of tracheal stenosis, resection of tra-
cheal granulomas or tumors, etc.). Oxygen may also be 
administered into one of the main bronchi during one-
lung ventilation via an endobronchial suction catheter 
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positioned in the deflated lung or during the creation of 
bronchial anastomoses via a catheter inserted through 
the surgical field and positioned distal to the anasto-
mosis. In this way, the possibility of hypoxemia can 
be reduced, but extreme precautions must be taken 
to avoid barotrauma, by using low oxygen flows and 
ensuring that there is no obstruction to the exit of the 
administered gases.

The term NODESAT (Nasal Oxygen During Efforts Secur-
ing A Tube) was introduced by Levitan to describe apneic 
oxygenation using unwarmed, dry oxygen via standard 
nasal cannula at 15 L/min [16]. This method is straight-
forward, as nasal prongs are readily accessible, require no 
prior preparation, and do not obstruct airway access dur-
ing orotracheal intubation. Typically, patients are preoxy-
genated with a facemask concurrently with nasal oxygen, 
which is continued during intubation after removing the 

facemask. Initially, oxygen flow is set at around 5 L/min 
and then increased to as high as 15 L/min after induction to 
avoid drying the airway and discomfort for awake patients 
[17]. The utilization of nasal prongs during preoxygenation 
and bag-mask ventilation poses a potential challenge by 
compromising the integrity of the facemask seal. In order to 
mitigate this issue, a practical strategy involves temporarily 
resting the nasal prongs on the patient’s forehead during the 
preoxygenation and ventilation phases, followed by their 
placement nasally prior to laryngoscopy. This approach not 
only preserves the facemask seal but also diminishes the 
likelihood of barotrauma and gastric insufflation resulting 
from the simultaneous application of high-flow nasal oxy-
gen and facemask oxygenation [10]. However, conventional 
oxygen therapy has limitations, including unpredictable and 
limited fractional inspired oxygen (FiO2) due to room air 
entrainment [18], as well as potential adverse effects such as 

Fig. 1 Oxygen delivery techniques during apnea. Panel A: Nasal 
prongs placed in the nostrils. Panel B: High-flow nasal oxygen (HFNO) 
system delivering oxygen through the nostrils. Panel C: Nasal cannula 

delivering oxygen in the nasopharynx. Panel D: Oxygen administra-
tion through an endotracheal tube in the oropharynx during intubation
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several advantages. It enhances SpO2, reduces the incidence 
of hypoxemia, extends the safe apnea period, and increases 
the success rate of first-pass intubation [22]. Apneic oxy-
genation yields significant benefits by improving SpO2 
and delaying desaturation in the majority of tracheal intu-
bation cases, except in patients primarily suffering from 
respiratory failure [1, 23]. Hence, the integration of apneic 
oxygenation into intubation protocols is recommended, a 
notion supported by recent airway management guidelines 
[24–28]. However, compared to conventional oxygenation 
methods, HFNO does not seem to significantly decrease the 
occurrence of severe desaturation during the peri-intubation 
period [29].

Obesity

Obese patients exhibit a rapid desaturation once apnea 
ensues, attributed to their lower functional residual capacity 
and elevated oxygen consumption compared to non-obese 
individuals [30]. Consequently, difficulties encountered dur-
ing facemask ventilation and tracheal intubation can esca-
late into critical scenarios within a short timeframe. Apneic 
oxygenation techniques have demonstrated significant effi-
cacy in delaying desaturation before tracheal intubation in 
this population [15, 17, 32, 33]. Compared to conventional 
oxygen therapy, HFNO reduces the incidence of hypoxemia, 
increases the lowest SpO2, decreases the need for additional 
respiratory support, and shortens the hospital length of stay 
in obese patients during the perioperative period [34].

Obstetrics

Peri-intubation oxygen administration to pregnant women 
during the induction of general anesthesia is critical for 
preventing harm to both the mother and fetus. Pregnant 
women are particularly susceptible to hypoxemia during 
apnea due to decreased respiratory reserve, heightened 
metabolic demand, and increased challenges in intubation. 
Additionally, achieving successful intubation on the first 
attempt is imperative due to the elevated risk of aspiration 
resulting from anatomical and hormonal changes associated 
with pregnancy and the emergent nature of many surgical 
procedures.

While the evidence regarding the use of apneic oxy-
genation in pregnant women is not as extensive as in other 
populations, guidelines for managing difficult intubation in 
obstetric patients recommend employing these techniques 
[35, 36], drawing from existing evidence in non-obstetric 
settings. Some studies have indicated that combining pre-
oxygenation with apneic oxygenation using HFNO is 
as effective as or even superior to preoxygenation with a 
facemask [37, 38]. Moreover, the “hands-free” nature of 

impaired mucociliary function and bronchoconstriction due 
to cold and dry airflow [19].

Patel later introduced the term THRIVE (Transnasal 
Humidified Rapid-Insufflation Ventilatory Exchange) to 
describe apneic oxygenation via heated and humidified 
high-flow nasal cannula [18], also referred to as High-Flow 
Nasal Oxygenation (HFNO). THRIVE systems comprise 
a breathing circuit, an oxygen humidification system, con-
toured nasal prongs, and a head strap. Their physiological 
advantages include nasopharyngeal dead space washout, 
reduced work of breathing, alveolar recruitment, maintained 
mucociliary function and provision of apneic oxygenation 
[15]. The prescribed FiO2 (up to 1.0) can be delivered at 
various flow rates (0–70 L/min), resulting in proportional 
increases in mean airway pressure (continuous positive air-
way pressure between 2.7 and 7.4 cmH2O) [19, 20]. Oxy-
gen is delivered at temperatures and humidity levels similar 
to those of healthy lungs, enhancing awake patient comfort 
and tolerance. These systems have been used for preoxy-
genation as well as other applications in the perioperative 
period (Table 1). However, THRIVE systems are contrain-
dicated in cases of severe nasal obstruction, copious nasal 
bleeding, recent maxillofacial trauma or surgery, signifi-
cantly elevated intracranial pressure, and skull base frac-
tures [19, 21].

Uses of Apneic Oxygenation during Airway 
Management

During airway management and until definitive control is 
established through the placement of an extraglottic device, 
endotracheal intubation or front-of-neck access, continuous 
administration of oxygen during apnea has demonstrated 

Table 1 Applications of high-flow nasal oxygenation (HFNO) for 
anesthetic management
Induction of 
anesthesia

• Preoxygenation
• Apneic oxygenation
• Awake intubation

Surgical procedures 
involving the airway

• Microlaryngoscopy
• Panendoscopy
• Vocal cord biopsy
• Cordotomy
• Debulking or excision of laryngeal tumors
• Laser excision of pharyngeal-supraglottic 
stenosis secondary to cicatricial band scars
• Injection thyroplasty
• Rigid bronchoscopy
• Balloon dilation of stenosis

Other applications 
of HFNO in the 
perioperative period

• Deep sedation for complex procedures 
(gastrointestinal endoscopies, endoscopic 
retrograde cholangiography, bronchosco-
pies, hysteroscopy for assisted reproduction)
• Extubation and postoperative respiratory 
support
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vocal cords [48]. However, in critically ill patients, there are 
physiological disturbances beyond mere inadequate airway 
protection or hypoxemia that contribute to what is termed 
the “physiologically difficult airway”. These disturbances 
are associated with complications such as cardiac arrest and 
death [49]. The physiologic risk is exacerbated when tra-
cheal intubation requires more than one attempt [50, 51], 
with difficult tracheal intubation serving as an independent 
predictor of mortality [52]. Therefore, achieving first-pass 
success should be the goal.

There is robust evidence supporting the use of apneic 
oxygenation in reducing the incidence of hypoxemia and 
severe desaturation during emergency tracheal intubations 
in critically ill patients. Apneic oxygenation has been shown 
to significantly improve blood oxygenation levels and 
increase first-pass tracheal intubation success rates [54, 55]. 
Consequently, its utilization is recommended in guidelines 
for the management of tracheal intubation in critically ill 
adults [49, 56, 57].

Role of Apneic Oxygenation during Surgical 
Procedures Involving the Airway

The presence of an endotracheal tube can sometimes impede 
adequate access to the surgical field in airway procedures, 
necessitating brief periods of extubation and apnea to per-
form the surgical technique. Various methods have been 
employed to extend the period of safe apnea and mitigate 
these challenging conditions. These techniques include 
spontaneous ventilation, controlled mechanical ventilation 
via a small endotracheal tube, transglottic or subglottic jet 
ventilation, and apneic anesthesia with intermittent ventila-
tion [58].

Although the initial description of a series of laryngeal 
surgeries performed using apneic oxygenation dates back to 
1961 [59], it is only recently that the introduction of a novel 
apneic oxygenation technique using HFNO has facilitated 
anesthesia without tracheal intubation for extended peri-
ods beyond what is achievable with low-flow nasal or oral 
oxygen administration. This technique has been applied in 
various procedures, including microlaryngoscopy [60, 61], 
panendoscopy [62], vocal cord biopsy [62, 63], cordotomy 
[64], debulking or excision of laryngeal tumors [61, 64, 65], 
laser excision of pharyngeal-supraglottic stenosis secondary 
to cicatricial band scars [66], injection thyroplasty [61, 64], 
rigid bronchoscopy [64], and balloon dilation of stenosis 
[64, 65, 67] (Table 1).

Typically, patients are pre-oxygenated with HFNO 
at 30 L/min and FiO2 = 1.0. Immediately prior to anes-
thetic induction, the flow rate is increased to 50–70 L/
min, followed by total intravenous anesthesia with the 

preoxygenation with HFNO allows anesthesia staff to attend 
to other tasks in time-critical situations, providing an added 
benefit [39].

Pediatrics

In children, the development of hypoxemia following the 
onset of apnea occurs more rapidly compared to adults. 
This is attributed to their smaller functional residual capac-
ity, increased closing capacity, and heightened oxygen con-
sumption [40]. These challenges are particularly pronounced 
in neonates, who may also present difficulties in tracheal 
intubation due to their anatomical characteristics [41]. Neo-
nates exhibit a high incidence of severe desaturation (48%) 
and an overall first-attempt intubation success rate of 64% 
[42]. Consequently, tracheal intubation efforts may necessi-
tate a stop–start approach to allow for intermittent bag-mask 
ventilation. Adverse events are directly correlated with the 
overall number of tracheal intubation attempts [43], hence 
the importance of first-attempt success in pediatric airway 
management.

There is a burgeoning body of evidence supporting the 
use of apneic oxygenation during pediatric intubation, 
because it has been associated with a reduced incidence of 
hypoxemia and improved first-pass intubation success rates 
[44, 45]. While data specific to neonates are limited, apneic 
oxygenation in this population appears to confer significant 
benefits [41]. Consequently, the latest guidelines for pediat-
ric airway management strongly advocate for its utilization 
[46, 47]. However, the optimal technique for oxygen deliv-
ery during pediatric intubation, as well as the ideal oxy-
gen flow rate and concentration, remain to be determined, 
necessitating further research [41, 44, 45]. High-flow oxy-
gen delivery holds promise as an effective technique based 
on operating room data, although its superiority over low-
flow oxygen has not been conclusively demonstrated [44]. 
Despite the potential complications of administering high 
concentrations of oxygen to premature babies and infants 
(oxidative stress-related conditions like bronchopulmonary 
dysplasia and retinopathy of prematurity), the potential risks 
associated with brief hyperoxia are lower than the risks 
derived from hypoxemia [45].

Role of Apneic Oxygenation in the Intensive 
Care Unit, the Emergency Department and 
Prehospital Medicine

Traditionally, the focus on difficult airway management 
has centered around identifying anatomic characteristics of 
patients that pose challenges in visualizing the glottic open-
ing or successfully placing the endotracheal tube through the 
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Rapid Sequence Induction (RSI)

During a standard RSI, positive pressure ventilation is with-
held until intubation to minimize the risk of aspiration in 
cases of inadequate fasting, impaired gastric emptying, or 
gastroesophageal reflux. In this context, HFNO appears to 
be at least as effective and safe as conventional preoxygen-
ation with a facemask across various scenarios [37, 38, 73, 
74].

Awake Intubation

Awake intubation, utilizing either a flexible bronchoscope 
or videolaryngoscope, is the technique of choice in patients 
with a known or suspected difficult airway, particularly 
when challenges with facemask ventilation are anticipated. 
The systematic implementation of HFNO during awake tra-
cheal intubation has been advocated for safer oxygen deliv-
ery and enhanced procedural quality, because it is associated 
with less desaturation and a lower rate of multiple attempts 
[75, 76].

Deep Sedation for Complex Procedures

HFNO has demonstrated effectiveness in reducing the 
occurrence of hypoxemic events and procedural interrup-
tions during deep sedation in a range of procedures [77]. 
These include gastrointestinal endoscopies [80, 81], endo-
scopic retrograde cholangiography [82], bronchoscopies 
[83], and hysteroscopy for assisted reproduction [84]. Com-
pared to a facemask, HFNO during endoscopic procedures 
provides good oxygenation without obstructing the mouth, 
facilitating scope placement. Additionally, HFNO has been 
proposed to mitigate lung atelectasis following prolonged 
deep sedation [85].

Extubation and Postoperative Respiratory Support

HFNO is linked to a notably lower rate of reintubation and 
reduced need for escalation of respiratory support when 
compared to conventional oxygen therapy in postextuba-
tion adult surgical patients. However, there appears to be 
no significant difference in the incidence of postoperative 
pulmonary complications or mortality [86]. HFNO has 
been suggested as a potential strategy to prevent respiratory 
failure in the immediate postoperative period, particularly 
among high-risk and/or obese patients undergoing cardiac 
or thoracic surgery [87, 88].

administration of propofol, remifentanil, and a neuromus-
cular blocking agent. Upper airway patency is maintained 
with a jaw thrust, after which a suspension laryngoscope is 
inserted, and surgery is performed under apneic conditions. 
When a laser is utilized, FiO2 is reduced to 0.3. This tech-
nique has also been employed to maintain oxygenation in 
patients undergoing emergent awake surgical tracheostomy 
for upper airway obstruction [68]. Booth el al. published a 
series of 26 patients in which sedation with propofol and 
remifentanil, along with HFNO in spontaneously ventilat-
ing patients, was utilized to maintain oxygenation and air-
way patency during the management of obstructed airways; 
only one patient required rescue tracheal intubation due to a 
remifentanil overdose [65].

Other Specific Applications of HFNO in the 
Perioperative Period

Preoxygenation

Compared to preoxygenation with a facemask, HFNO offers 
several advantages. Patients experience greater comfort and 
tolerance, and healthcare personnel can maintain hands-free 
operation during the procedure. Additionally, HFNO allows 
for apneic oxygenation after induction. However, during 
the preoxygenation phase, patients must keep their mouths 
closed to prevent the ingress of ambient air and the conse-
quent reduction in FiO2. This requirement may pose limita-
tions in patients with high metabolic demands or respiratory 
distress, as they often need to breathe with their mouths 
open [19]. Other limitations of HFNO include the need for 
specific equipment, assembly time (it is recommended to 
turn on the equipment approximately 5 min before use to 
ensure adequate humidification and heating), and the inabil-
ity to continuously measure EtO2.

Studies investigating the effectiveness of HFNO for 
preoxygenation have yielded variable results. Several 
recent meta-analyses indicate that patients preoxygenated 
with HFNO exhibit higher arterial oxygen partial pressure 
(PaO2) and extended safe apnea time, with no significant 
differences in the incidence of desaturation, minimum SpO2 
values, EtO2 levels, or expired fraction of carbon dioxide 
(EtCO2) [70, 71]. However, these studies exhibit high het-
erogeneity, attributed to variations in subject characteris-
tics (healthy volunteers or patients), oxygenation protocols 
(oxygen flow rate, use of pressure support or positive end-
expiratory pressure [PEEP], utilization of facemask ventila-
tion during apnea, type of neuromuscular blocking agents 
used), and outcome definitions.
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positive pressure, which theoretically could lead to 
gastric distension. However, studies utilizing ultraso-
nographic assessment of gastric volumes have not ob-
served gastric insufflation [98, 99]. In fact, HFNO may 
even decrease the incidence of reflux and microaspira-
tion during the induction of general anesthesia com-
pared to facemask ventilation [100]. Nevertheless, it is 
important to note that in the presence of upper airway 
contamination from bleeding or regurgitation, high-
flow oxygen insufflation can disperse pharyngeal con-
tents [10]. Therefore, careful consideration should be 
given to the patient’s individual risk factors and clinical 
context when deciding on the appropriate oxygenation 
technique.

 ● Epistaxis is a known but uncommon risk associated with 
HFNO [95, 101], and also with nasal airways and naso-
pharyngeal catheters. However, efficient humidification 
of gases in HFNO theoretically may reduce the likeli-
hood of this complication. It is worth noting that the in-
cidence of epistaxis may be more common in obstetric 
patients due to increased nasopharyngeal mucosal ede-
ma and vascularity [39]; hence, careful monitoring and 
consideration of risk factors are warranted, particularly 
in this patient population.

 ● Airway fire is a well-known complication that can occur 
during certain head and neck surgeries. Ignition sources, 
such as laser or diathermy equipment, may inadvertently 
come into contact with flammable items (such as trache-
al tubes or surgical drapes) in an oxygen-rich environ-
ment, resulting in a surgical fire. Therefore, during tube-
less laryngeal surgery, delivering oxygen via an open 
system is not recommended when lasers or diathermy 
are in use [102]. Although there has been debate over 
whether airway tissues are less likely to combust than 
endotracheal tubes [103, 104], and the use of THRIVE 
has been described in case series without incidents 
[105], the risk remains nonzero [106, 107]. If the use of 
HFNO is deemed necessary, the FiO2 should be mini-
mized, and clinicians must maintain constant vigilance 
throughout the entire procedure [64].

 ● Accidental awareness. Apneic oxygenation does not 
deliver volatile agents to the lungs. Therefore, during 
airway management or tubeless anesthesia, total in-
travenous anesthesia is essential to prevent accidental 
awareness [10].

Complications

Apneic oxygenation techniques are generally considered 
safe and contribute to enhancing patient safety in airway 
management, particularly in individuals who are most sus-
ceptible and vulnerable to hypoxemia. Nevertheless, like 
any medical procedure, they are not without potential com-
plications, which warrant careful consideration.

 ● Hypercapnia and acidosis represent the most common 
complications associated with apneic oxygenation tech-
niques, which consequently limit their utility to short 
periods of time. Hypercapnia induces respiratory aci-
dosis, leading to an elevation in mean pulmonary arte-
rial pressure and cardiac output through the stimula-
tion of tachycardia and reduction in systemic vascular 
resistance. The likelihood of arrhythmias significantly 
rises with a pH < 7.0 and escalates exponentially with a 
pH < 6.8 [89]. The clearance of CO2 during HFNO may 
surpass that achieved with a low-flow oxygen delivery 
system [18]. Utilizing flow rates of up to 70 L/min may 
be necessary to attain maximal CO2 clearance [19]. 
However, it is crucial to note that HFNO may delay the 
early detection of CO2 elevation and airway obstruction 
compared to bag-mask ventilation. Therefore, employ-
ing transcutaneous monitoring of CO2 and oxygen re-
serve index sensors may aid in mitigating this risk [19].

 ● Hypoxemia. In cases where preoxygenation before ap-
nea has been inadequate or if airway patency cannot be 
effectively maintained, patients may experience more 
rapid desaturation than anticipated [10].

 ● Barotrauma poses a risk when there is no clear route for 
gas egress during apneic oxygenation. Accumulation of 
gas within a space of finite capacity, such as the nostrils, 
thorax or stomach, can lead to harm [10, 90]. Reported 
cases include pneumocephalus [91, 92], pneumo-orbitus 
[92, 93], subcutaneous emphysema, pneumomedias-
tinum and pneumothorax [94, 95], primarily observed 
in pediatric patients using nasal prongs. Administration 
of oxygen via a nasopharyngeal catheter has resulted in 
esophageal and gastric distension and perforation [96, 
97]. Recent guidelines advise caution regarding simul-
taneous use of HFNO and facemask ventilation [56], as 
a tight facemask seal could prevent the escape of high-
flow gases from the nose and mouth [90]. Special pre-
cautions are necessary in pediatric patients; to achieve a 
balance between safety and efficacy, it is recommended 
to use a nasal cannula size that is half the diameter of 
the nares [90].

 ● Aspiration of gastric contents. There has been an ongo-
ing debate regarding whether HFNO might elevate the 
risk of regurgitation of gastric contents by generating 
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Conclusions

Apneic oxygenation stands as a valuable technique in air-
way management, significantly reducing the risk of desatu-
ration and improving patient safety during various airway 
procedures. Its simplicity, accessibility, and effectiveness 
make it an indispensable tool in any clinical setting. Univer-
sal application of apneic oxygenation, particularly in popu-
lations vulnerable to hypoxemia such as obese individuals, 
pregnant women, children, critically ill patients, and dur-
ing rapid sequence induction, is paramount until the airway 
is securely managed. The advent of THRIVE systems has 
revolutionized apneic oxygenation, extending its utility to 
preoxygenation and tubeless surgical procedures. These 
advancements further highlight the significance of apneic 
oxygenation in optimizing patient outcomes and underscore 
its role as a cornerstone in contemporary airway manage-
ment practices.
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