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Abstract 

Background Maternal oxygen supplementation is usually used as an intrauterine resuscitation technique to prevent 
fetal hypoxia and acidemia during delivery. However, there has been a great deal of controversy regarding the effects 
of prophylactic maternal oxygen during cesarean section, during which the incidence of fetal acidemia seems to be 
higher compared with that during labor. High‑flow nasal oxygen (HFNO) can improve oxygenation better in patients 
with high‑flow oxygen airflow. The purpose of this study is to determine whether maternal oxygen supplementa‑
tion with HFNO has a positive effect on fetal acidemia during cesarean section through umbilical arterial blood gas 
analysis.

Method This prospective, single‑center, randomized, double‑blinded trial will enroll 120 patients undergoing 
cesarean section. Participants will be randomly assigned to the HFNO group or air group at a 1:1 ratio. For parturients 
in the HFNO group, the flow rate is 40L/min, and the oxygen is heated to 37℃ with humidity 100% oxygen concen‑
tration through the Optiflow high‑flow nasal oxygen system. And for the air group, the flow rate is 2 L/min with an air 
pattern through the same device. The primary outcome was umbilical artery (UA) lactate. Secondary outcomes 
include UA pH,  PO2,  PCO2, BE, the incidence of pH < 7.20 and pH < 7.10, Apgar scores at 1 and 5 min, and neonatal 
adverse outcomes.

Discussion Our study is the first trial investigating whether maternal oxygen supplementation with HFNO can 
reduce the umbilical artery lactate levels and the incidence of fetal acidemia in cesarean section under combined 
spinal‑epidural anesthesia.

Trial registration ClinicalTrials.gov NCT05921955. Registered on 27 June 2023.
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Introduction
Maternal oxygen supplementation has been widely 
used for intrauterine resuscitation intervention in the 
clinic to prevent neonatal acidemia. Previous stud-
ies have reported that maternal hyperoxygenation has 
a positive effect on fetal heart rate pattern during the 
second stage of labor in the presence of suspected fetal 
distress [1], and is associated with a low overall rate of 
the composite neonatal adverse outcome [2].

However, fetal acidemia is more likely to occur dur-
ing a cesarean section than during labor. The functional 
residual capacity and reserve oxygen capacity of preg-
nant women are decreased by uterine migration and 
obesity, and these changes are worsened in the supine 
position. Moreover, maternal oxygen consumption is 
increased by fetal and placental metabolism. In addi-
tion, spinal block-induced sympathicolysis decreases 
maternal systolic arterial blood pressure, causing 
hypoxia and anaerobic metabolism in infants [3]. Previ-
ous study suggests that the indication of cesarean sec-
tion is also a risk factor of fetal acidemia [4].

Studies focused on the effect of maternal oxygen 
supplementation during cesarean section have shown 
mixed results. Prior researches demonstrated that 
maternal oxygen improved  PaO2 in the umbilical artery 
(UA) [5–8]. A prospective trial observed higher UA pH 
values in the receiving oxygen group [9]. Moreover, a 
recent meta-analysis specifically assessing the use of 
supplemental oxygenation at the time of cesarean delivery 
concluded that oxygen supplementation was associated  
with lower rates of UA pH less than 7.2 [10]. But, several 
trials have shown that maternal oxygenation had no 
effect on UA pH [8, 11, 12] and fetal wellbeing [13].

In the previous trials, the concentrations and flow of 
oxygen inhalation were inconsistent. The maximum oxy-
gen flow rate was not more than 10 L/min [7]. It has been 
demonstrated that providing 35% oxygen via a facemask 
does not significantly improve fetal oxygen delivery dur-
ing cesarean section under spinal anesthesia [14]. But 
60% supplementary oxygen increased fetal oxygenation 
[6, 8]. Therefore, the different concentrations and flows 
may have different effects.

The high-flow nasal oxygen (HFNO) has been widely 
used in clinical practice, which provides humidified warm 
oxygen at a high flow rate, thus generating low positive 
airway pressure, and improving oxygenation and comfort 
[15]. HFNO has been safely used in pre-oxygenation of 
general anesthesia for women in labor [16, 17], provid-
ing superior oxygenation during rapid sequence induc-
tion compared to standard facemask [17]. However, most 
of those studies focused on maternal effects, few studies 
evaluated fetal indicators as the primary outcome.

The aim of this study was to investigate the immediate 
fetal effects of supplemental oxygenation with HFNO by 
measuring umbilical arterial blood gas values at the time 
of term, elective cesarean section. We hypothesized that 
such supplementation would have a positive effect on 
umbilical artery lactate levels, a marker of metabolic aci-
dosis and neonatal morbidity.

Method
Study design
This trial is a parallel, prospective, single-center, rand-
omized controlled trial. Using a difference test, we focus 
on the effect of maternal supplemental oxygenation with 
HFNO on the fetus compared with room air. The study 
will be performed at Beijing Tongren Hospital, Capi-
tal Medical University. And we will adhere to the Good 
Clinical Practice guidelines and the Declaration of Hel-
sinki during the entire study. The protocol of this trial 
was approved by the Clinical Research Ethics Commit-
tee of Beijing Tongren Hospital on March 9, 2023, with 
the latest vision 3.0 (approval NO.TREC2023-KY021). 
This trial has been registered on ClinicalTrials.gov (iden-
tify: NCT05921955). Any important protocol modifi-
cations will be submitted to the ethical committee for 
approval.  The SPIRIT 2013 checklist is listed in addi-
tional file 1.

Participants
We will recruit 120 patients scheduled to undergo elec-
tive cesarean section in the Beijing Tongren Hospital. 
One trained researcher will screen the eligible patients, 
explain all the details, and sign the informed consent 
before the day of surgery. The flowchart of the study is 
illustrated in Fig. 1, and the SPIRIT figure of enrollment, 
interventions, and assessments is presented in Table 1.

Inclusion criteria
Participants who meet all the following criteria will be 
enrolled:

1) An elective cesarean section at Beijing Tongren Hospital
2) Gestational age ≥ 37 weeks
3) Aged 18 to 45 years old
4) American Society of aAnesthesiologists (ASA) clas-

sification I–III
5) Patients fasted for 6–8  h, and the water restriction 

time was ≥ 2 h.
6) Anesthesia: combined spinal-epidural anesthesia
7) Agree to the study and sign the informed consent
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Fig. 1 Flowchart of the study

Table 1 Standardized Protocol Items: Recommendations for Interventional Trials (SPIRIT) schedule for enrolment, intervention, and 
assessment

Study period

Enrollment Allocation Post-allocation

The day before the 
surgery

The surgery day End of injection to 
delivery

Baby born Discharge

Enrollment

 Enrollment X

 Informed consent X

 Allocation X

Intervention

 Intervention X

Assessments

 Maternal Information X X X X X

 Intraoperative situation X

 UA blood gas analysis X

 Newborn outcome X X
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Exclusion criteria
Participants will be excluded if they have any of the fol-
lowing conditions:

1) Fetal or placental abnormalities are known(premature 
rupture of membranes, severe intrauterine distress, 
and fetal malformation)

2) Maternal with complications (eclampsia or cardio-
vascular or cerebrovascular disease)

3) Maternal BMI ≥ 40 kg/m.2
4) Difficult intubation history or known difficult airway
5) Contraindications for HFNO such as nasal lesions or 

structural changes
6) Gastroesophageal reflux disease

Randomization and blinding
Randomization will be conducted by a computer-gen-
erated blocked randomization sequence. All partici-
pants conforming to the inclusion criteria are randomly 
assigned to the HFNO group or the air group at a ratio 
of 1:1. And the random numbers are placed in opaque 
envelopes and arranged in serial numbers, which are 
kept by an anesthesia technician. On the day of surgery, 
the envelope will be opened by the anesthesia techni-
cian when the patients enter the room and the grouping 
result can be obtained. Others are unaware of the group 
information.

Unblinding will only be allowed when serious 
adverse effects occur. Participants will be distributed 
and assigned in numerical order. The outcome will be 
assented by assessors, and the data will be calculated by 
statisticians who will not participate in the treatment. 
All original records including informed consent and CRF 
together with related letters will be reserved for 10 years 
and then destroyed according to the hospital standards.

Intervention
Participants will be monitored with electrocardiograph 
(ECG), pulse oxygen saturation, and non-invasive blood 
pressure after entering the room. Heart rate (HR), sys-
tolic blood pressure, and diastolic blood pressure were 
recorded every minute in the supine position. A 22G 
intravenous cannula will be inserted in the dorsum of a 
hand. All the patients will receive an intravenous 500 ml 
of Ringer’s lactate solution.

Combined spinal-epidural anesthesia will be performed 
at the L2–3 or L3–4 with the patient in the right lateral 
position. The anesthesiologist determined the local anes-
thetic dose of ropivacaine (12–15  mg) according to the 
height of the parturient. After injection of the local anes-
thetic solution, a 19G terminal closed epidural catheter 

will be placed. At the same time, oxygen will be supplied 
to patients in the HFNO group. The flow rate of 40 L/min 
heated to 37℃ with humidity 100% oxygen concentration 
is delivered through the Optiflow high-flow nasal can-
nula system. And the patients of the air group receive the 
2 L/min with air pattern through the same device.

The patient is immediately placed in the supine posi-
tion once the anesthesia procedure is completed with a 
left lateral table tilt of 15°. The upper level of the sensory 
block will be assessed in the midline, using a pin to test 
for the absence of touch sensation.

HR and blood pressure will be recorded every minute 
following the injection of the spinal drug until the baby 
is delivered. The vasopressor bolus is administered as 
soon as the hypotension is occurred. If hypotension is 
not corrected after 1 min, then additional boluses will be 
administered every minute until hypotension is corrected 
(HR ≥ 75 bpm, 50 μg of phenylephrine boluses; HR < 75, 
6 mg of ephedrine boluses).

Umbilical arterial and venous blood samples will be 
obtained for blood gas analysis from a segment of the 
umbilical cord double-clamped before the baby’s first 
breath.

Outcome assessment
The primary outcome is UA lactate levels. The second-
ary outcomes include UA pH,  PO2,  PCO2, BE, the inci-
dence of pH < 7.20 and pH < 7.10, Apgar scores at 1 and 
5 min, and the neonatal adverse outcomes in the operat-
ing room and ward (such as intubation, mechanical ven-
tilation, and admission to neonatal unit). Others include 
the number of hypotensive episodes, the number of vaso-
pressor boluses required, the incidence of tachycardia, 
bradycardia, arrhythmias, the time from subarachnoid 
injection to skin incision, the time of oxygen supplemen-
tation, and the time from skin incision to fetal delivery.

Sample size calculation
According to a retrospective observational study, there 
was a strong inverse correlation between lactate and pH 
(r =  − 0.77, p < 0.001) [18], and the clinically significant 
change of UA pH is assumed to be 0.02 pH units [19]. 
According to the experience of our hospital, the mean of 
the UA lactate is 2.0 (0.028) mmol/l. With a probability of 
α = 0.05, β = 0.2, and power of 0.80, the sample size was 
53 according to a 2-side 2-sample equal-variance t test. 
Considering 15% patient loss, we are going to recruit 
120 patients. The sample size was calculated with PASS 
software.

Statistical methods
Data analysis will be performed according to the 
modified intention-to-treat population. Moreover, the 
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per-protocol analysis will be used as a sensitivity analysis. 
We expect very few patients to be lost. As a result, the 
missing data will be minimized when analyzing primary 
outcomes. Multiple imputation will be used to handle 
missing data if needed.

Shapiro–Wilk test is used to test normality. Quantita-
tive indicator is expressed as mean ± standard deviation 
or median (interquartile range, IQR), while qualitative 
data is expressed as median (interquartile, IQR). Quan-
titative indicators are tested by independent sample t test 
or Mann–Whitney U test according to data distribution. 
Qualitative data is tested by the chi-square test/Fisher’s 
exact test. Statistical analysis will be performed by SPSS 
27.0.

Safety consideration
Participants can withdraw at any time during the trial. 
We will keep strictly to the indications and contraindica-
tions to minimize the risk of adverse events (AEs) which 
might be caused by the high-flow nasal oxygen. In the 
process of clinical research, all AEs will be recorded form 
truthfully and in detail, including the clinical features, 
occurrence time, severity, duration, related treatment, 
and outcomes of AEs. When an AE occurs, it is associ-
ated with high-flow nasal oxygen, then we will stop using 
the device. The severe adverse events will be reported 
to the Clinical Research Ethics Committee as soon as 
possible. And we will be responsible for the subsequent 
treatment.

Oversight and monitoring
An anesthesiologist, an obstetrician, and a nurse midwife 
were employed at the coordination center for this study. 
A statistician will guide the statistical analysis of the data 
obtained for this study. The data monitoring committee 
(DMC) consists of an anesthesiologist, an ethics expert, 
a statistician, and a clinical trial management expert. All 
team members are independent of the sponsor, and there 
are no conflicts of interest. The DMC will hold a monthly 
meeting to review research progress, check the integrity 
of the data, and monitor the occurrence of AEs.

Data collection and management
There is one researcher to record all the data of the pre-
operative, intraoperative, and postoperative and collect 
the case report forms timely, completely, and correctly. 
And another researcher will check the data to ensure 
data accuracy and productivity level. All data are confi-
dential all the time. The research records and data will 
be allocated an individual trial identification number. 
All the data will be stored in a secure database, and the 
names and other personal information of subjects will 
not be recorded. People who have permission from the 

corresponding author can access this database. Moreo-
ver, researchers can email the corresponding author to 
have access rights to enable international prospective 
meta-analyses.

We have no plan for interim analysis until the study 
is achieved. We plan to conduct a subgroup analysis to 
explore the effect of treatment according to the following 
pre-specified subgroup: (1) unparturient and transpar-
turient; (2) intraoperative circulatory stabilization and 
intraoperative circulatory instabilities.

Discussion
HFNO has been widely applied in the clinic to improve 
oxygenation for acute hypoxemic respiratory failure [20, 
21] and perioperative periods in recent years. Previ-
ous studies have demonstrated the efficacy of HFNO as 
an oxygenation, pre-oxygenation, and apneic oxygena-
tion strategy in pregnant women [17]. Zhou et  al. [22] 
confirmed that HFNO treatment at the rate of 50 L/
min for 20  min did not increase the risk of aspiration 
in healthy fasted parturients breathing spontaneously. 
HFNO has also been used for pregnant women admitted 
to the intensive care unit with coronavirus disease 2019 
as a ventilatory support method [23]. However, studies 
exploring the effects of maternal oxygen supplementation 
with HFNO on fetuses are lacking. Our study will pro-
vide new evidence in this aspect, and illustrate the effect 
the maternal oxygen inhalation as an intrauterine resus-
citation intervention during elective cesarean section.

The intrapartum acid–base status of the fetus repre-
sents the neonatal condition just before birth, and UA 
blood gas analysis is the main basis for assessing fetal 
acidemia and estimating short- and long-term morbidity 
[24, 25]. Most researches used the UA pH as the primary 
outcome to assess the newborn status. But a descrip-
tive study, including 2554 single deliveries, suggested 
that UA lactate may be a more correct indicator of fetal 
asphyxia at delivery than pH [26], and lactate is a direct 
end product of anaerobic metabolism [27, 28]. Data from 
animal models show that fetal lactate increases earlier in 
hypoxia, and persists longer than pH [29]. A large pro-
spective cohort study also suggested that UA lactate is a 
more discriminating measure of neonatal morbidity at 
term than pH [28]. Consequently, in this research, UA 
lactate is chosen as the primary outcome.

Khaw et al. have concluded that hyperoxia may increase 
fetal oxidative stress and have a negative effect [6]. But 
the mean duration of oxygen administration was longer 
than 50 min. In another study by the same team, however, 
there were no differences in maternal or umbilical oxi-
dative stress indices between the groups, and the mean 
oxygen exposure duration was 30  min [8]. Therefore, in 
our study, the duration of oxygen exposure is limited to 
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the time between the completion of anesthesia placement 
and neonatal delivery. The time is usually 15–30 min in 
our center and rarely more than 40 min. In order to clar-
ify the effect of hyperoxia on oxidative stress, malondial-
dehyde (MDA) of UA blood will also be measured.

In conclusion, for this research, we want to demon-
strate whether supplemental oxygen with HFNO has 
a positive effect on fetal outcomes and decreases the 
incidence of fetal acidemia in in pregnant women who 
undergo elective cesarean section. The results of this 
research will be reported to peer-reviewed journals. 
Furthermore, we hope HFNO can be used for women 
with fetal distress to improve fetal outcomes, as an 
effective intrauterine resuscitation technique during 
emergency cesarean section.

Trial status
This trial is ongoing and actively recruiting. The current 
version of the study protocol is version 3.0 and approved 
on 9 March 2023. Patient recruitment started on 1 July 
2023 and is expected to be finished by 31 December 2023.
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