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Comparison of a Nasal Mask and Traditional Nasal 
Cannula During Intravenous Anesthesia for Gastroscopy 
Procedures: A Randomized Controlled Trial
Dong Xu Chen, MD,* Hui Yang, MD,* Xi Ping Wu, MM,† Wang Niu, MD,* Lin Ding, MD,*  
Huo Lin Zeng, MD,* and Qian Li, MD* 

BACKGROUND: Hypoxemia can occur during gastroscopy under intravenous anesthesia. The 
aim of this randomized controlled trial was to evaluate whether oxygenation using a nasal mask 
can reduce the incidence of hypoxemia during gastroscopy under intravenous anesthesia com-
pared with a traditional nasal cannula.
METHODS: A total of 574 patients scheduled for gastroscopy under intravenous anesthesia 
were enrolled and randomly assigned to receive either a nasal mask or a traditional nasal 
cannula for oxygenation. The primary outcome was the incidence of hypoxemia. The second-
ary outcomes included the incidence of severe hypoxemia, duration of hypoxemia, minimum 
oxygen saturation, the proportion of emergency airway management, length of procedure, 
recovery time, and the satisfaction of the anesthetist and gastroenterologists as well as 
other adverse events (including cough, hiccups, nausea and vomiting, reflux, aspiration, and 
laryngospasm).
RESULTS: A total of 565 patients were included in the analysis: 282 patients in the nasal 
cannula group and 283 patients in the nasal mask group. The incidence of hypoxemia was 
lower in the nasal mask group (18.0%) than in the nasal cannula group (27.7%; relative risk  
[RR] = 0.65; 95% confidence interval [CI], 0.48–0.89; P = .006), and the hypoxemia lasted a 
median of 18.0 seconds (interquartile range, 10.0–38.8) in the nasal mask group and 32.5 
seconds (20.0–53.5) in the nasal cannula group (median difference –14.50; 95% CI, −22.82 
to −1.34; P = .047). The proportion of patients requiring emergency airway management was 
significantly lower in the nasal mask group (8.8%) than in the nasal cannula group (19.1%; RR, 
0.46; 95% CI, 0.30–0.73; P < .001). No difference was found in the overall incidence of other 
adverse events between the 2 groups (nasal mask 20.8%; nasal cannula 17.0%; RR, 1.23; 
95% CI, 0.87–1.73; P = .25). Satisfaction was higher with the nasal mask than with the nasal 
cannula from the perspective of anesthetists (96.1% for nasal mask versus 84.4% for nasal 
cannula; RR, 1.14; 95% CI, 1.08–1.20; P < .001) and gastroenterologists (95.4% for mask 
versus 81.9% for cannula; RR, 1.17; 95% CI, 1.10–1.24; P < .001). There were no significant 
differences in the incidence of severe hypoxemia, minimum oxygen saturation, length of proce-
dure, or recovery time between the 2 groups.
CONCLUSIONS: Nasal mask oxygenation reduced the incidence of hypoxemia during anesthe-
sia for gastroscopy under intravenous anesthesia. (Anesth Analg 2022;134:615–23)

KEY POINTS
• Question: Does nasal mask oxygenation reduce the risk of hypoxemia during anesthesia for 

gastroscopy?
• Findings: In a randomized controlled trial that included 565 adult patients undergoing intra-

venous anesthesia for gastroscopy, we found that nasal mask oxygenation was associated 
with a significantly lower incidence of hypoxemia compared with traditional nasal cannula 
oxygenation (18.0% vs 27.7%).

• Meaning: Nasal mask oxygenation can be used in patients undergoing intravenous anesthe-
sia for gastroscopy for whom it can significantly reduce the incidence of hypoxemia.

GLOSSARY
ASA = American Society of Anesthesiologists; BMI = body mass index; CI = confidence interval; 
CONSORT = Consolidated Standards of Reporting Trials; HFNC = high-flow nasal catheter; IQR = 
interquartile range; OAAS = Observer’s Assessment of Alertness/Sedation Scale; RR = relative 
risk; Spo2 = pulse oxygen saturation
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Each year, > 6 million esophagogastroduode-
noscopy procedures are performed in the 
United States alone,1 and >53% of endoscopies 

are now performed under intravenous anesthesia.2 
Hypoxemia often occurs during gastroscopy under 
intravenous anesthesia.3–5 The current standard of 
care for most patients receiving intravenous anesthe-
sia for gastroscopy is to administer supplementary 
oxygen via a standard nasal cannula, but hypoxemia 
still occurs in >40% of the patients.6

Several methods have been introduced to reduce 
the incidence of hypoxemia during gastroscopy. 
Previously, studies with small samples reported that 
high-flow nasal cannula (HFNC) oxygenation and 
the use of a nasopharyngeal catheter could reduce 
the incidence of hypoxemia during anesthesia for 
gastroscopy.5–7 However, those methods require spe-
cial supplemental oxygen devices or oxygen delivery 
systems or they induce adverse events such as naso-
pharyngeal bleeding.6,7 Therefore, it is critical to find 
an appropriate method to prevent hypoxemia with 
fewer side effects during gastroscopy.

Randomized controlled trials have shown that 
continuous positive airway pressure through a nasal 
mask leads to higher effective tidal volume than a full-
facemask during the induction of general anesthesia.8 
However, we are unaware of studies evaluating nasal 
mask oxygenation in patients during anesthesia for 
gastroscopy.

We conducted this randomized trial to evaluate the 
efficacy of nasal mask oxygen versus standard nasal 
cannula during gastroscopy. Specifically, we tested 

the hypothesis that nasal mask oxygen would result 
in a lower occurrence of hypoxemia during gastros-
copy than a standard nasal cannula. The primary out-
come was the occurrence of hypoxemia defined as an 
occurrence of Spo2 <90%.

METHODS
Study Design and Patients
This study was approved by the ethics committee of the 
West China Hospital of Sichuan University, China, on 
December 29, 2018 (approval no. 2018-519). The study 
was registered at the Chinese Clinical Trial Registry 
before patient enrollment (ChiCTR 1900020691, 
principal investigator: Qian Li, date of registration: 
January 13, 2019) before patient enrollment, and it fol-
lowed the guidelines of the Consolidated Standards 
of Reporting Trials guidelines. Written informed con-
sent was obtained from all participants.

The inclusion criteria were: patients were 18 
years of age or older, with American Society of 
Anesthesiologists (ASA) physical status I–III, and 
patients received intravenous anesthesia for gastros-
copy. Exclusion criteria were: history of myocardial 
infarction and unstable angina pectoris within the past 
6 months; history of severe arrhythmia, acute pharyn-
gitis, and tonsillitis; pneumonia or pulse oxygen satu-
ration (Spo2) <90% without oxygen inhalation; severe 
obstructive sleep apnea syndrome; allergy to propo-
fol, eggs, soybean, or albumin; lack of cooperation or 
motivation; pregnancy or lactation; and participation 
in other clinical studies within the previous 3 months.

Randomization and Blinding
The participants were randomly assigned to receive 
oxygen supply through either a nasal mask or a nasal 
cannula, according to a computer-generated alloca-
tion list (simple randomization) in a 1:1 ratio using the 
software SPSS (version 23.0, IBM). Since both groups 
of patients could be identified directly from the device 
used for supplemental oxygen, this study was not 
blinded to the anesthetists, patients, or data recorders. 
The postoperative outcome assessment and statistical 
analysis were performed by independent researchers 
who were blinded to group assignment.

Anesthesia Management
The only difference between the 2 groups was the method 
used for supplementing oxygen. All patients fasted for 
8 hours before the gastroscopy. After admission to the 
examination room, standardized monitoring was per-
formed, including heart rate, blood pressure, and Spo2. 
After establishment of intravenous access, the patient 
was placed in a lateral position for gastrointestinal 
endoscopy. After adequate preoxygenation, anesthesia 
was induced using an intravenous injection of propo-
fol (1–1.5 mg/kg), sufentanil (5–10 μg), and midazolam DOI: 10.1213/ANE.0000000000005828
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(0.01–0.02 mg/kg).9,10 The gastroscopic examination 
began after disappearance of the palpebral reflex. If the 
heart rate stayed >100 beats/min or increased by >20%, 
or if physical movement or cough occurred, additional 
propofol (0.2–0.4 mg/kg) was administered until the 
gastroscope entered smoothly. During the gastroscopy,  
10- to 30-mg propofol was administered as needed to 
maintain a Ramsay score of 5 or 6, corresponding to a 
sluggish or no response to a glabellar tap or loud audi-
tory stimulus.10

Airway Management
In the nasal mask group, we did not use a traditional 
nasal mask because a disposable nasal mask oxygen-
ation circuit at our hospital costs $60 compared with 
$6 for a nasal cannula. Based on the previous work 
in which an infant-size transparent anatomical face-
mask costing only $6 was used as a nasal oxygenation 
device to achieve effective ventilation,11 we adopted 
an infant-sized transparent anatomical facemask as 

the nasal oxygenation device. We provided anesthe-
tists 3 sizes of infant masks (6.5 × 6.5 cm, 8 × 6.7 cm, 
and 9.5 × 8 cm; Chongren Medical Instruments). The 
criterion for a properly sized mask was that it cov-
ered the nose area. The size of the infant mask was 
selected by the anesthetists after assessing the size of 
the patient’s nose. As a result, all anesthetists selected 
the infant mask with the size of 8 × 6.7 cm, which was 
secured in place using a head strap (Figure 1A). The 
expiratory limb of the nasal mask was connected to a 
2-L reservoir bag, which was connected to the oxygen, 
and the initial oxygen flow was 4 L/min.6

In the nasal cannula group, all patients received 
supplemental oxygen by nasal cannula (2.5 m; 
Hongxiang Maoyike) (Figure  1B) at an initial oxy-
gen flow of 4 L/min. The patients were instructed to 
breathe through the nasal cannula or nasal mask for 
1 to 2 minutes before anesthesia. If the Spo2 dropped 
below 90% during the procedure, the treatment proto-
col in Figure 2 was implemented.

Figure 1. A representative image of the nasal mask and nasal cannula. A, Nasal mask (Chongren Medical Instruments). B, Nasal cannula of 
2.5 m (Hongxiang Maoyike).
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Study Outcomes
The primary outcome was the occurrence of hypox-
emia, defined as any measurement/occurrence of 
Spo2 ≤90% during the procedure.

Secondary outcomes included:

 1. Occurrence of severe hypoxemia, defined as 
Spo2 ≤75% or Spo2 ≤90% for 60 consecutive sec-
onds or longer during the procedure.12

 2. Duration of hypoxemia (in seconds) and mini-
mum Spo2.

 3. The proportion of patients requiring emer-
gency airway management, defined as hypox-
emia that could not be corrected by increasing 
the oxygen flow, but rather needed the jaw-
thrust maneuver or interruption of the endo-
scopic operation for mask-assisted ventilation, 
or emergency tracheal intubation.

 4. Occurrence of “other adverse events,” a compos-
ite outcome including cough, hiccups, nausea 
and vomiting, reflux, aspiration, and laryngo-
spasm. Patients were classified as experiencing 
any of these adverse events or none of them.

 5. Length of procedure (in minutes), defined as 
the time from endoscope insertion into the oral 
cavity until its removal.

 6. Recovery time (in minutes), which was defined 
as the time from the end of the procedure until 
a score of 5, was achieved on an Observer’s 
Assessment of Alertness/Sedation Scale 
(OAAS), which indicated rapid response to a 
normal voice.3

 7. Satisfaction about the procedure from the 
perspectives of anesthetists and gastroenter-
ologists, evaluated on a 100-point scale, with 
complete satisfaction defined as ≥90 points.

Crisis Event Management
In the case of laryngospasm, an additional dose of 
30- to 50-mg propofol was given as required, and the 
oxygen flow was increased. If necessary, the gastro-
enterologists were instructed to withdraw the endo-
scope, and the anesthetists applied positive pressure 
ventilation via the mask. If the patient could not ven-
tilate through the mask, intravenous succinylcho-
line (50 mg) was given, and tracheal intubation was 
performed.

In case of regurgitation and aspiration, the gastro-
enterologists were asked to withdraw the endoscope 
and immediately suction the oropharynx. Meanwhile, 
the patient was placed in the Trendelenburg position, 
expeditiously intubated and mechanically ventilated 
as necessary, and fiberoptic bronchoscopy was per-
formed to remove aspirated stomach contents from 
the trachea.

In the event of circulation abnormalities, several 
procedures were undertaken. In the case of heart 
rate <50 beats/min, an intravenous injection of atro-
pine (0.3–0.5 mg) was administered. If the heart rate 
dropped when blood pressure also decreased (<90/60 
mm Hg or a mean arterial pressure 20% lower than at 
baseline), an intravenous injection of ephedrine (6 mg)  
was administered and repeated as needed. If the heart 
rate was normal or above the normal range but with 

Figure 2. Flowchart of the hypoxemia management protocol applied in this study. Spo2 indicates pulse oxygen saturation.
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low blood pressure (<90/60 mm Hg or a mean arterial 
pressure 20% lower than at baseline), an injection of 
m-hydroxylamine (0.1–0.2 mg) was administered and 
repeated as needed.

Statistical Analysis
The distribution of continuous variables was exam-
ined for normality. Data showing normal distribution 
were presented as mean (standard deviation), and 
data showing a skewed distribution were presented 
as median (interquartile range [IQR]). Intergroup 
differences were assessed for significance using a 
Student t test or Mann-Whitney U test, as appropri-
ate. Difference in means or median difference and 95% 
confidence intervals (CIs) were presented depend-
ing on the normality of data distribution. Intergroup 
differences in the duration of hypoxemia, mini-
mum Spo2, operation time, and recovery time were 
assessed using the Mann-Whitney U test and by cal-
culating the Hodges–Lehman median difference with 
95% CI. Categorical data were expressed as numbers 
and percentages and were compared using a χ2 test or 
Fisher exact test, as appropriate. The effects of nasal 
mask on incidences of hypoxemia, severe hypoxemia, 
emergency airway management, and other adverse 
events were presented as relative risk (RR) and 95% 
CI, as was satisfaction about the procedure from the 
perspectives of anesthetists and gastroenterologists. 
Intergroup differences in baseline characteristics were 
compared using the absolute standardized difference, 
and differences >1.96 sqrt[(1/N1) + (1/N2)] were 
considered imbalanced.13 And in this study, absolute 
standardized differences >16.5% were considered 
imbalanced.

We assessed treatment effect heterogeneity by test-
ing whether the treatment effect differed between 
levels of specified baseline variables, including age, 
ASA physical status, and body mass index (BMI). For 
this, we used logistic regression and assessment of 
the treatment-by-covariate interaction. A 2-tailed sig-
nificance level of .05 was used for the overall assess-
ment. The significance criterion for each interaction 
was set to .05/3 = .0167 (Bonferroni correction), and 
all reported P values were 2-tailed. Statistical analy-
ses were performed with the statistical program SPSS 
(version 23.0; IBM).

Sample Size
The sample size was calculated using the program 
PASS software (version 11.0; NCSS, LLC). The “two 
independent proportions” procedure was used. The 
incidence of hypoxemia during gastroscopy in the 
nasal cannula group with intravenous anesthesia has 
been reported to be 16%,3 and we assumed that the 
nasal mask would reduce the incidence of hypoxemia 
from 16% to 8%. With an α = .05 and a power of 80%, 

we estimated that 261 patients per group would be 
required for our study. We assumed a dropout rate of 
10%, leading to a minimal total sample of 574 patients 
(287 in each group).

RESULTS
Patient Characteristics
The study initially screened 589 patients for gastros-
copy. After excluding 15 patients, 574 patients were 
randomly divided into 2 groups (287 patients each). In 
the nasal cannula group, 2 patients violated the trial 
protocol, and 3 patients were excluded due to missing 
data (Figure 3). Four patients in the nasal mask group 
were excluded due to violations of the trial protocol. 
Finally, 565 patients were analyzed, of whom 282 
received the nasal cannula and 283 received the nasal 
mask. Demographic data and baseline characteristics 
were comparable between the 2 groups. All absolute 
standardized differences were <16.5% (Table 1).

Primary and Secondary Outcomes
The overall incidence of hypoxemia in this study was 
22.8% (129 of 565). The incidence of hypoxemia was 
lower in the nasal mask group (18%) than in the nasal 
cannula group (27.7%; RR, 0.65; 95% CI, 0.48–0.89;  
P = .006; Table  2). The absolute risk reduction with 
nasal mask oxygenation was 9.7%, correspond-
ing to a number needed to treat of 10. The 2 groups 
did not differ in the incidence of severe hypoxemia 
(nasal mask, 2.8%; nasal cannula, 5.3%; RR, 0.53; 95%  
CI, 0.23–1.23; P = .13) or the minimum Spo2 (nasal mask, 
95.0 [92–98]; nasal cannula, 95.0 [90–98]; median dif-
ference, 0.00; 95% CI, –4.00 to 4.50; P = .13). However, 
we observed that the duration of hypoxemia was sig-
nificantly shorter in the nasal mask group (18 seconds) 
than that in the nasal cannula group (32.5 seconds; 
median difference, −14.50; 95% CI, −22.82 to −1.34;  
P = .047; Table 2). In this study, all patients achieved an 
OAAS score of 5 after the gastroscopy procedure. No 
difference was found in the overall incidence of other 
adverse events between the 2 groups (nasal mask, 
20.8%; nasal cannula, 17%; RR, 1.23; 95% CI, 0.87–1.73; 
P = .25). No patient in the study experienced reflux 
aspiration or laryngospasm, and no patient required 
tracheal intubation. Table 2 reports the incidences of 
Spo2 ≤75%, duration of hypoxemia >60 seconds, oper-
ation time, recovery time, and satisfaction of anesthe-
tists and gastroenterologists.

Emergency Airway Management
A total of 79 of 565 patients (14%) required emergency 
airway management. The proportion of patients 
requiring emergency airway management was lower 
in the nasal mask group (8.8%) than in the nasal 
cannula group (19.1%; RR, 0.46; 95% CI, 0.30–0.73;  
P < .001; Table 2). In addition, the nasal mask group 
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showed lower frequencies of oxygen flow increase 
(15.5% vs 23.8%; RR, 0.65; 95% CI, 0.47–0.92;  
P = .014) and the jaw-thrust maneuver (8.8% vs 
19.1%; RR, 0.46; 95% CI, 0.30–0.72; P < .001). A total 
of 41 patients (14.5%) in the nasal cannula group 

required urgent suspension of the endoscopy oper-
ation, removal of the endoscope, and ventilation 
with a facemask, compared with 19 patients (6.7%) 
in the nasal mask group (RR, 0.46; 95% CI, 0.28–0.78;  
P = .003).

Figure 3. CONSORT diagram of the participant selection protocol. CONSORT indicates Consolidated Standards of Reporting Trials.

Table 1. Baseline Demographic and Clinical Characteristics of the Patients
Variable Nasal mask, N = 283 Nasal cannula, N = 282 Absolute standardized difference, %a

Age, median (IQR), y 49 (39–61) 50 (40–59) 0.2
Male sex, n (%) 141 (49.8) 137 (48.6) 2.4
BMI, median (IQR), kg/m2 23.1 (20.7–25.9) 23.4 (20.7–25.6) 0.8
 <18.5, n (%) 22 (7.8) 19 (6.7)  
 18.5 ≤ BMI < 24, n (%) 145 (51.2) 144 (51.1)  
 24 ≤ BMI < 28, n (%) 85 (30.0) 90 (31.9)  
 ≥28, n (%) 31 (11.0) 29 (10.3)  
ASA classification, median (IQR) 1 (1–2) 1 (1–2) 9.1
 I, n (%) 186 (65.7) 169 (59.9)  
 II, n (%) 87 (30.7) 105 (37.3)  
 III, n (%) 10 (3.5) 8 (2.8)  
Propofol dosage, median (IQR), mg 80 (60–110) 80 (70–110) 9.2
Sufentanil, median (IQR), μg 5 (5–5) 5 (5–5) 0
Midazolam, median (IQR), mg 1 (1–1) 1 (1–1) 0

Data are expressed as median (IQR) or number (proportion).
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; IQR, interquartile range.
aAbsolute standardized difference = difference in means or proportions divided by standard error; a value >16.5% is interpreted as a meaningful difference.13
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Assessment of Treatment Effect Heterogeneity
Post hoc analysis demonstrated that age was not an 
effect modifier for the relationship between nasal 
mask oxygen and hypoxemia (P value interaction 
term = .74; Supplemental Digital Content 1, Figure S1, 
http://links.lww.com/AA/D749). Similarly, there 
were no significant interactions for the relationship 
between nasal mask oxygen and hypoxemia on ASA 
physical status and BMI (interaction term P = .052 and 
.08, respectively).

DISCUSSION
This randomized controlled trial assessed the effect of 
nasal mask oxygenation compared with nasal cannula 
oxygenation on the incidence of hypoxemia in patients 
undergoing intravenous anesthesia for gastroscopy. 
We observed that nasal mask oxygenation led to a sig-
nificantly lower incidence of hypoxemia than routine 
nasal cannula oxygenation (18% vs 27.7%). Moreover, 
nasal mask oxygenation significantly reduced the 
proportion of patients requiring emergency airway 
management (8.8% vs 19.1%), and it improved the 
satisfaction of anesthetists and gastroenterologists 
compared with the nasal cannula group, without 
increasing the incidence of other adverse events.

Several studies have described alternative methods 
to avoid hypoxemia in patients undergoing general 
anesthesia for gastrointestinal endoscopy procedures. 
A previous study6 used 2, 10-Fr suction catheters to 
adapt a nasopharyngeal catheter, and the researchers 
evaluated the effectiveness of this catheter for oxy-
gen supply in patients undergoing gastrointestinal 

endoscopy. They found that nasopharyngeal catheter 
oxygenation was associated with lower incidence of 
hypoxemia than a traditional nasal cannula (11.1% vs 
40%). However, these observations need to be con-
firmed in a large sample.

In our study, we adopted an infant mask to sup-
ply oxygen through the nose and found that this 
nasal mask was a good solution to reduce the inci-
dence of hypoxemia. The nasal mask was associated 
with lower incidence of hypoxemia than a nasal can-
nula (18.0% vs 27.7%), corresponding to an RR reduc-
tion of 35.0%. Besides, nasal mask also significantly 
decreased the need for maneuvers to maintain free 
upper airways (8.8% vs 19.1%) and for increasing 
oxygen flow (15.5% vs 23.8%). The effectiveness of 
the nasal mask can somewhat be considered similar 
to the HFNC used in Mazzeffi et al7 study. The author 
reported that HFNC oxygenation could reduce the 
incidence of hypoxemia from 33.1% to 21.2%. Nay et 
al14 compared HFNC oxygenation with standard nasal 
cannula oxygenation in 379 patients having intrave-
nous anesthesia for gastrointestinal endoscopy. They 
found that HFNC oxygenation significantly reduced 
the incidence of hypoxemia from 22.9% to 5.8% and 
decreased frequent need for maneuvers to maintain 
free upper airways (11.1% vs 32.4%) and for increasing 
oxygen flow (7.9% vs 23.4%).14 Our study differs from 
the Nay et al14 study in that we only enrolled patients 
having gastroscopy. Another important difference 
is that in our study, the initial oxygen flow in nasal 
mask and nasal cannula group was 4 L/min, while 
in Nay et al14 study, the oxygen flow was 70 L/min  

Table 2. Comparison of Study Outcomes Between the 2 Groups

Assessments
Nasal mask,  
N = 283

Nasal cannula,  
N = 282

RR or difference  
in median (95% CI) P

Primary outcome
 Incidence of hypoxemia, n (%) 51 (18.0) 78 (27.7) 0.65 (0.48–0.89) .006a

Secondary outcomes
 Incidence of severe hypoxemia, n (%) 8 (2.8) 15 (5.3) 0.53 (0.23–1.23) .13a

 Spo2 ≤75% 6 (2.1) 8 (2.8) 0.75 (0.26–2.13) .58a

 The duration of hypoxemia >60 s 6 (2.1) 9 (3.2) 0.66 (0.24–1.84) .43a

 The duration of hypoxemia, median (IQR), sb 18.0 (10.0–38.8) 32.5 (20.0–53.5) –14.50 (−22.82 to −1.34) .047c

 Minimum Spo2, median (IQR), % 95.0 (92.0–98.0) 95.0 (90.0–98.0) 0.00 (−4.00 to 4.50) .13c

 Emergency airway management, n (%) 25 (8.8) 54 (19.1) 0.46 (0.30–0.73) <.001a

 Increase the flow of oxygen 44 (15.5) 67 (23.8) 0.65 (0.47–0.92) .014a

 Jaw thrust 25 (8.8) 54 (19.1) 0.46 (0.30–0.72) <.001a

 Mask-assisted ventilation 19 (6.7) 41 (14.5) 0.46 (0.28–0.78) .003a

 Adverse events, n (%) 59 (20.8) 48 (17.0) 1.23 (0.87–1.73) .25a

 Cough 50 (17.7) 40 (14.2) 1.25 (0.85–1.82) .26a

 Hiccups 9 (3.2) 8 (2.8) 1.14 (0.44–2.86) .81a

 Length of procedure, median (IQR), min 6.0 (5.0–8.0) 7.0 (5.0–8.0) –1.00 (−1.00 to 0.00) .64c

 Recovery time, median (IQR), min 2.0 (1.0–3.0) 2.0 (1.0–4.0) 0.00 (0.00–0.00) .18c

 The satisfaction of anesthetist, n (%) 272 (96.1) 238 (84.4) 1.14 (1.08–1.20) <.001a

 The satisfaction of gastroenterologists, n (%) 270 (95.4) 231 (81.9) 1.17 (1.10–1.24) <.001a

Data are expressed median (IQR) or number (proportion).
Abbreviations: CI, confidence interval; IQR, interquartile range; RR, relative risk; Spo2, pulse oxygen saturation.
aP values for χ2 test.
bData from only 129 patients with hypoxemia are analyzed.
cP values for Mann-Whitney U test.

http://links.lww.com/AA/D749
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in the HFNC group and 8 L/min in the standard 
nasal cannula group. These differences could have 
reduced the incidence of hypoxemia in the Nay et al14 
study compared with ours. However, a disposable 
HFNC oxygen circuit costs much more than a nasal 
cannula. Besides, an upfront investment of approxi-
mately $3500 is required to purchase the delivery sys-
tem, which may be prohibitively expensive for some 
hospitals. Lower cost and easier implementation may 
make the nasal mask oxygenation easier to apply in 
clinical practice.

In the current study, nasal mask oxygenation 
reduced the incidence of hypoxemia. However, this 
does not mean that nasal mask oxygenation benefits 
all patients undergoing anesthesia for gastroscopy. A 
previous study found that being older than 65 years, 
ASA class III, and higher BMI were associated with 
increased risk of hypoxemia during anesthesia for 
endoscopic procedures.15–18 Our subgroup analysis 
found that the effect of nasal mask oxygen on the 
occurrence of hypoxemia did not depend on age, ASA 
physical status, and BMI. However, with the given 
sample size, the tests for heterogeneity were quite 
underpowered.

Our study presents several limitations. First, we 
could not blind medical personnel or patients to group 
assignment, which may bias our findings. Second, 
the subgroups of patients over 65 years, patients in 
ASA class III, and patients with BMI ≥28 kg/m2 were 
small. Therefore, further research is needed to explore 
the risks and benefits of nasal mask in these high-risk 
patients. Third, we did not control for sedation depth, 
which has been shown in other work to influence 
the incidence of hypoxemia.19 Fourth, the incidence 
of hypoxemia in the nasal mask group was slightly 
higher than the incidence reported by previous stud-
ies, including the one used to calculate the minimal 
sample for the present work.

In conclusion, this study demonstrated that nasal 
mask oxygenation can lead to a lower incidence of 
hypoxemia than nasal cannula oxygenation in patients 
undergoing intravenous anesthesia for gastroscopy. 
The adverse events, such as the incidence of severe 
hypoxemia and cough, were similar in both groups. 
In particular, no patient in either group suffered seri-
ous adverse events (ie, reflux, aspiration, or tracheal 
intubation). Based on these findings, the nasal mask 
could be an effective supplemental oxygen device for 
gastroscopy. Further studies should focus on identify-
ing specific patient subgroups that may benefit from 
nasal mask oxygen during gastroscopy. E
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