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Perioperative impact of high-flow nasal oxygenation  
in obstetric general anesthesia

Abstract

Background and purpose: High-flow nasal oxygenation (HFNO) is 
gaining attention in anesthesia for cesarean sections under general anesthe-
sia due to its potential to reduce hypoxemia - a major cause of maternal 
morbidity and mortality. Pregnant patients face increased risk from ana-
tomical and physiological changes, including airway edema, reduced func-
tional residual capacity, and increased aspiration risk. Traditional preoxy-
genation with 100% oxygen via a face mask may not provide adequate 
oxygen reserves, prompting exploration of HFNO as an alternative. This 
paper reviews current evidence on the use of HFNO preoxygenation during 
anesthesia induction for cesarean sections.

Materials and methods: An extensive literature search was performed 
to evaluate existing research on HFNO as a preoxygenation technique in 
obstetric general anesthesia.

Results: Eight studies were identified that assess HFNO in this context. 
While some report inferior performance in achieving optimal end-tidal 
oxygen fraction compared to face mask methods, others highlight benefits. A 
2021 randomized trial found HFNO yielded higher arterial oxygen tension 
and end tidal oxygen fraction post-intubation. Additionally, a recent multi
center pilot study reported no desaturation events among pregnant patients, 
supporting HFNO’s safety and potential efficacy.

Conclusion: HFNO offers advantages such as prolonged safe apnea time 
and ease of application. However, its effectiveness in the obstetric population 
remains insufficiently validated. More robust clinical trials are required 
before HFNO can be integrated into standard anesthetic protocols for 
cesarean sections.

INTRODUCTION 

Hypoxemia during induction of anesthesia is one of the leading 
causes of anesthesia-related morbidity and mortality, and the in-

cidence of failed airway establishment in pregnant women is thought to 
be approximately 10 times higher than in the general surgical population 
(1,2). Airway establishment in pregnant women is challenging due to 
the anatomical and physiological changes that occur during pregnancy. 
Pregnant women often have significant airway and tongue edema, an 
increased risk of aspiration of gastric contents due to delayed gastric 
emptying, and reduced functional residual capacity, making them sus-
ceptible to more rapid onset of hypoxemia in the event of prolonged 
intubation (3). The increasing use of regional anesthesia for obstetric 
procedures has also led to a decrease in the number of general anesthe-
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sia procedures performed, and, consequently, to a decrease 
in the opportunity to gain extensive clinical experience in 
airway establishment in this vulnerable population.

Preoxygenation delays hypoxemia by increasing the 
alveolar oxygen reserve, thereby increasing the time of safe 
apnea. The time of safe apnea is the time from the cessa-
tion of breathing or ventilation to the moment when arte-
rial blood saturation drops to 90%, after which the satu-
ration continues to drop precipitously. Hypoxemia is a 
dangerous condition, and, with further progression, it can 
lead to dysrhythmias, hemodynamic instability, hypoxic 
brain injury, and ultimately death. The usual method of 
preoxygenation in pregnant women is to inhale 100% 
oxygen through an oronasal mask that fits well on the face 
for 3 minutes or until end - tidal oxygen fraction (FetO2) 
≥ 0.9 is reached, and this method is included in most 
guidelines for intubation of pregnant women (4). How-
ever, there are studies that show that the preoxygenation 
performed in this way is often inadequate, and it seems 
that there is room for improvement when it comes to 
preoxygenation in the pregnant population. However, the 
procedure performed should be safe and have a better 
effect than the current one (5). The question arises wheth-
er high-flow nasal oxygenation (HFNO) could fulfill the 
mentioned criteria.

HFNO is a method by which humidified and heated 
oxygen is delivered to the patient's respiratory system 
through a nasal cannula at a high flow rate, up to 70 L/
min. The device can titrate inspired oxygen fraction 
(FiO2) up to 100%, and an oxygen reserve is created in 
the nasal cavity, which keeps FiO2 constant because it 
eliminates the anatomical dead space and reduces re-
breathing of carbon dioxide. Also, HFNO ensures a low 
continuous positive airway pressure (CPAP), in the range 
of 2.7 to 7.4 cmH2O, thereby reducing the work of 
breathing (6). It is mainly used in intensive care units, and 
it is increasingly being used as a method for oxygenation 
in apnea during the induction of general anesthesia. It 
certainly has the advantage of not interfering with balloon 
ventilation through the mask or attempts at laryngoscopy 
for intubation.

MATERIALS AND METHODS 

In order to review the results of studies in which 
HFNO was used during the induction of general anes-
thesia for cesarean section, the available literature was 
searched, all of it published in English in the last 20 years 
(from 2004 to 2024). The databases searched were Sco-
pus, Medline, Embase, Web of Science, and Cochrane 
Library. The search was conducted according to these key 
words: cesarean section; airway management; oxygen 
therapy; obstetrics. The primary focus is on the selection 
and analysis of those studies in which HFNO was used 
as an alternative to classical preoxygenation during the 

induction of general anesthesia for the cesarean section, 
and especially for emergency cesarean section.

RESULTS

Although a many numerous of studies on the use of 
HFNO in various clinical scenarios have been published 
in the given period, only a few papers were found that 
address the topic of HFNO use during the induction of 
general anesthesia. The key characteristics of the articles 
mentioned are listed in Table 1.

DISCUSSION

A number of studies have examined the role of HFNO 
in preoxygenation and apneic oxygenation during the in-
duction of general anesthesia in recent years. Most of 
these have been conducted in a general, non-obstetric 
population. The THRIVE study in 25 patients with a 
difficult airway demonstrated that HFNO successfully 
prolonged the time of apnea without desaturation (6). In 
another study, which specifically selected patients at in-
creased risk of hypoxia during intubation, HFNO was 
used for preoxygenation and oxygenation during apnea, 
and the incidence of clinically significant desaturation 
was shown to be only 7% (7). Since there was no evidence 
for the use of HFNO in pregnant women, one study was 
done on a computer model using a simulator that modeled 
the respiratory and cardiovascular system with the chang-
es that occur during pregnancy. It was shown that apneic 
oxygenation with FiO2 of 100% can prolong the desatu-
ration time to more than 50 min in average pregnant 
women and to more than 40 min in morbidly obese preg-
nant women (BMI 50kg/m2) (8). A small pilot study was 
then conducted on 4 pregnant women who agreed to the 
research. First, HFNO 30 L/min was applied for 30 sec-
onds and then 50 L/min for a further 150 seconds. At the 
end of the 3-minute period, gas concentrations at the end 
of expiration were measured using the mask. It was shown 
that at the end of the preoxygenation period, all 4 patients 
reached an arterial blood saturation of 100%, but only 
one reached the recommended FetO2 of ≥0.9 (9). Several 
studies followed that compared standard preoxygenation 
using a mask and using HFNO in pregnant women. In 
one study, mean FetO2 ≥90% was not reliably achieved 
with the use of HFNO, and in another it was shown that 
FetO2 ≥90% is achieved in about 60% of pregnant wom-
en. Therefore, the conclusion is that HFNO is inferior to 
standard preoxygenation via a well-fitting mask (10, 11). 
Also, the biased-coin up–down sequential allocation trial 
in 2020 showed similar results. The effective time interval 
for 90% of parturients to achieve an end-tidal oxygen ≥ 
90% for standard flow rate facemask was estimated to be 
3.6 min, but could not be estimated for high-flow nasal 
oxygen groups even after eight minutes (12). In 2021, a 
randomized study was conducted in pregnant women and 
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showed that HFNO is a safe method in which partial 
arterial oxygen pressure and FetO2 are higher immedi-
ately after intubation compared to standard mask pre-
oxygenation (13).

Among the more recent research is a pilot study from 
2023 in which it was observed how many pregnant wom-
en will experience a drop in arterial blood saturation be-
low 93%. It was a multicenter study in which 34 pregnant 
women were included, 25 of whom agreed to preoxygen-
ation using HFNO, while 9 were preoxygenated by the 
standard method using an oronasal mask. None of the 
involved pregnant women had a desaturation below 93%, 
and the lowest saturation in both groups was 97% (14). 

A study of 100 pregnant women examined the efficacy of 
HFNO using the THRIVE protocol versus a traditional 
face mask for preoxygenation during the induction of 
general anesthesia for cesarean section. THRIVE (trans-
nasal humidified rapid insufflation ventilatory exchange) 
is a protocol that uses high flow rates of warmed and 
humidified oxygen (e.g., 50–70 L/min) via a nasal can-
nula and maintains continuous oxygenation during ap-
nea, thereby prolonging safe ventilation-free time. Results 
have shown that THRIVE significantly prolongs safe 
apnea time (7 min vs. 4 min) and improves oxygenation 
(PaO₂ 355 mmHg vs. 101 mmHg), thereby reducing the 
risk of desaturation and improving patient safety (15).

Table 1. List of papers dedicated to the study of high - flow nasal preoxygenation for cesarean section under general anesthesia.

Author and year 
of publication

Type of research Key findings Comparison with classic 
preoxygenation

Tan PCF. et al.
2016 (9)

A pilot study of four women at term. 
HFNO  (first 30 s at 30 l.min−1, then next 
150 s at 50 l.min-1) was applied

Only one of the four women achieved the 
recommended pre-oxygenation induction of 
anesthesia trigger threshold of FetO2 ≥ 90% 
after 3 min HFNO preoxygenation

The need for a larger study 
is emphasized.

Shippam W.  
et al. 2019 (10)

40 healthy parturients were randomly  
allocated to compare pre-oxygenation 
using high-flow nasal oxygen (30-70 
l.min-1 oxygen flow) via nasal prongs with 
standard 15 l.min-1 oxygen  
breathing via a tight-fitting face mask

With 3-min tidal volume breathing, the  
respective estimated marginal means for 
high-flow nasal oxygen and standard flow rate 
facemask pre-oxygenation were 87.4%  
(95% CI 85.5-89.2%) and 91.0%  
(95% CI 89.3-92.7%), p = 0.02

High-flow nasal oxygen 
pre-oxygenation performed 
worse than standard  
flow rate facemask  
pre-oxygenation in healthy 
term parturient.

Tan PCF. et al. 
2019 (11)

A prospective observational study.73 term 
participants underwent a 3 min HFNO 
protocol (30 L min-1 for 30 s and then  
50 L min-1 for 150 s).

The proportion with the first expired breath 
FetO2 ≥ 90% was 60% [95% confidence  
interval (CI): 54-66%] and FetO2 ≥ 80% was 
84% (95% CI: 80-88%).

HFNO using this protocol 
is inadequate to  
preoxygenate term  
pregnant women.

Au K. et al.  
2020 (12)

80 healthy parturient were randomly 
assigned to standard facemask (n = 40) or 
high flow nasal oxygen (n = 40) groups 
to determine the effective time interval 
in 90% of healthy parturient to achieve a 
target endpoint end-tidal oxygen of  
≥ 90%

Under the conditions of our study, the effective 
time interval for 90% of parturient to achieve an 
end-tidal oxygen ≥ 90% for standard flow rate 
facemask was estimated to be 3.6 min, but could 
not be estimated for high-flow nasal oxygen 
groups even after eight minutes

Standard facemask  
preoxygenation is superior 
to HFNO preoxygenation

Zhou S. et al. 
2021 (13)

Prospective randomized, controlled study 
on 34 healthy parturient undergoing  
general anesthesia for caesarean section

PaO2 in the HFNO group was significantly 
higher than that in the SFM group (441.41 ± 
46.73 mmHg versus 328.71 ± 72.80 mmHg, 
P < 0.0001). The FetO2 concentration in the 
HFNO group was higher than that in the SFM 
group (86.71 ± 4.12% versus 76.94 ± 7.74%,  
P < 0.0001)

HFNO better

Osman YM.  
et al. 2021 (15)

Randomized study on 100 ASA II  
pregnant women scheduled for elective 
caesarean section under general anesthesia

The safe apnea time was significantly longer in 
HFNO group with median of 7 min compared 
to facemask ventilation with 4 min.

HFNO better

Sjöblom A. et al.
2023 (14)

Prospective, non-randomized, multi-center 
study on 34 pregnant women with a  
gestational age ≥30 weeks undergoing  
caesarean section under general anesthesia

There was no difference detected in end-tidal 
oxygen concentration after tracheal intubation, 
87% (6) in the high-flow nasal oxygen group 
vs. 80%

HFNO equal or better

Tan PCF, et al.
2024 (16)

Randomized study on 70 healthy  
participants of gestational age ≥ 37 weeks 
in a simulated environment

First FetO2 after HFNO pre-oxygenation was 
greater than after FM pre-oxygenation

Pre-oxygenation with 
HFNO was not inferior to 
FM pre-oxygenation.

Abbreviations: ASA –American Society od Anesthesiologists; FetO2 – end-tidal oxygen fraction; FM – face mask, HFNO – High-flow nasal oxygenation; 
PaO₂ – partial pressure of oxygen in arterial blood, SFM – standard face mask
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A more recent randomized controlled crossover trial 
examined the no inferiority of high-flow humidified nasal 
oxygen (HFNO) to face mask (FM) preoxygenation in 
pregnant women at term. It found HFNO no inferior to 
FM, with 71% of subjects achieving a targeted FetO2 ≥ 
90% with HFNO compared to 44% with FM. The results 
suggest that HFNO may be a suitable alternative for pre-
oxygenation in pregnant women, as standard FM meth-
ods often fail to achieve recommended oxygenation levels 
(16). A recent study has been published about investigat-
ing the efficacy of high-flow nasal oxygen (HFNO) com-
pared with traditional face mask (FM) ventilation in 
preoxygenation of pregnant women prior to general anes-
thesia. HFNO has been shown to be beneficial because it 
allows hands-free preoxygenation in emergency situa-
tions, improves patient comfort, and potentially facilitates 
emergency procedures if general anesthesia is required for 
cesarean section (17).

During pregnancy or the peripartum period, 2% of 
the pregnant population may require admission to an in-
tensive care unit (18). The critically ill patient may also 
present for emergency caesarean section or other life‑sav-
ing procedures. A metaanalysis by Jhou et al. (19) has 
analyzed seven studies in which HFNO was used for 
apneic and pre‑oxygenation for intubating critically ill 
patients. They concluded that HFNO reduced the inci-
dence of severe hypoxemia during intubation in patients 
with mild hypoxemia (PF ratio > 200 mmHg) and de-
creased the length of ICU stay by 1.8 days. If there is low 
tolerance to NIV/CPAP, then HFNO should be used. It 
is recommended for abdominal surgeries, cardiac surger-
ies, and lung resection. Further research requires a spe-
cific obstetric population, but since the cesarean section 
is an open abdominal surgery, results can be extrapolated 
in obstetric practice (20).

It is also worth mentioning the published protocol of 
a study that plans to investigate the effect of high-flow 
nasal oxygen (HFNO), compared to room air, on fetal 
acidemia during planned cesarean section, using umbili-
cal artery blood gas analysis. Since fetal acidemia is more 
common during cesarean section than during vaginal 
delivery, the aim of the study is to determine whether 
HFNO can improve fetal oxygenation and reduce the risk 
of metabolic acidosis. The study will involve 120 pregnant 
women divided into two groups - one will receive HFNO 
at a flow rate of 40 L/min, and the other room air at a flow 
rate of 2 L/min. The primary outcome of the study is 
umbilical artery lactate levels, while secondary outcomes 
include pH, partial pressures of oxygen and carbon diox-
ide, Apgar scores, and neonatal complications. This study 
is the first to plan to investigate the effect of HFNO on 
fetal acid-base balance during cesarean section. Therefore, 
it could have important clinical implications for optimiz-
ing intrauterine resuscitation and improving neonatal 
outcomes (21).

CONCLUSION

The results so far point to the possible advantages of 
using HFNO in the induction of general anesthesia for 
cesarean section, especially in the case of emergency ce-
sarean section and potentially difficult intubation. More 
extensive research is needed before the HFNO preoxy-
genation method in the induction of general anesthesia 
for cesarean section is accepted as a standard.
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