
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Zhaxi et al. BMC Anesthesiology          (2024) 24:189 
https://doi.org/10.1186/s12871-024-02568-9

BMC Anesthesiology

†Dunzhu Zhaxi and Deji Ci contributed equally to this work.

*Correspondence:
Xiang Quan
quanxiang@pumch.cn
Ciren Laba
dr_labaciren@sina.com

Full list of author information is available at the end of the article

Abstract
Background Hypoxemia can occur in people at ultra-high altitude (above 3500 m) even at rest, and patients 
undergoing gastroscopy under general anesthesia have higher risk of hypoxemia. Supplementary oxygen via 
standard nasal cannula (SNC) is the standard of care for most patients who undergo gastroscopy under general 
anesthesia, which provides oxygen flow up to 15 L/min. High-flow nasal cannula (HFNC) could deliver oxygen at a 
rate up to 60 L/min, which is recommended by the American Society of Anesthesiologists Practice Guidelines. We 
speculated that the benefit with HFNC is more prominent in high-altitude areas, and aimed to compare the incidence 
of hypoxemia during gastroscopy under general anesthesia at ultra-high altitude with oxygen supply via either HFNC 
or SNC.

Methods The trial was registered at at Chinese Clinical Trial Registry (ChiCTR2100045513; date of registration on 
18/04/2021). Adult patients undergoing gastroscopy with anesthesia (estimated duration of anesthesia at ≥ 15 min) 
were randomized at a 1:1 ratio to receive HFNC oxygen or SNC oxygen. The primary outcome was hypoxemia 
(SpO2 < 90% for any duration). Secondary outcomes included severe hypoxemia (SpO2 < 75% for any duration or 
SpO2 < 90% but ≥ 75% for ≥ 60 s) and hypotension, as defined by reduction of mean arterial blood pressure by ≥ 25% 
from the baseline.

Results A total of 262 patients were enrolled: 129 in the HFNC group and 133 in the SNC group. All patients received 
the designated intervention. Student’s t-test, Mann-Whitney U test and χ2 test were employed in the study. The rate of 
hypoxemia was 9.3% (12/129) in the HFNC group versus 36.8% (49/133) in the SNC group [risk ratio (95% confidence 
interval): 0.25(0.14–0.45); P < 0.001). The HFNC group also had lower rate of severe hypoxemia [0.0% (0/129) versus 
11.3% (15/133); risk ratio (95% confidence interval): 0.03(0.00-0.55); P < 0.001, respectively]. The rate of hypotension did 
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Introduction
Gastroscopy is typically performed under general anes-
thesia to provide optimal procedural conditions and to 
minimize patient discomfort [1, 2]. If conducted prop-
erly, complications associated with anesthesia (e.g., 
hypoxemia and hypotension) are uncommon [3, 4], but 
may occur at much higher rate in high-altitude areas due 
to low partial pressure of oxygen [5].

Supplementary oxygen via standard nasal cannula 
(SNC) is the standard of care for most patients who 
undergo gastroscopy under general anaesthesia [1]. SNC 
provides oxygen flow up to 15  L/min and an inspired 
oxygen concentration in the distal airways at 30-40% [6]. 
Higher inspired oxygen concentrations are not possible 
with SNC because of air mixing and dilution with carbon 
dioxide from dead space [6, 7].

High-flow nasal cannula (HFNC) could deliver 100% 
humidified and heated oxygen at a rate up to 60  L/min 
[8–10]. Based on the reduced hypoxemia with HFNC in 
critically ill patients with acute respiratory failure [11–
13], HFNC is recommended by the American Society of 
Anesthesiologists Practice Guidelines in patients with 
respiratory suppression or apnea, and for unanticipated 
difficult airways [14]. HFNC oxygen also reduces air-
way obstruction by increasing distending pressure in the 
upper airway [15].

Mazzeffi et al. [16] and Lin et al. [17] showed that 
HFNC reduces the incidence of hypoxemia in patients 
undergoing gastroscopy with anesthesia at sea level, but 
no clinical trials have been conducted at ultra-high alti-
tude. We speculated that the benefit with HFNC is more 
prominent in high-altitude areas, and conducted a ran-
domized controlled trial to test such a hypothesis.

Methods
Trial design and oversight
This parallel-group randomized controlled trial was con-
ducted at the Tibet Autonomous Region People’s Hospi-
tal (Lhasa, Tibet, China; altitude: 3650  m above the sea 
level). The trial protocol was approved by the institu-
tional review board of Tibet Autonomous Region Peo-
ple’s Hospital (ME-TBHP-20-KJ-032) in accordance with 
the Declaration of Helsinki, and was registered at http://
www.chictr.org.cn (ChiCTR2100045513) on 18/04/2021. 
Written informed consent was obtained from all par-
ticipants prior to enrollment. Writing of the manuscript 

followed the Consolidated Standards of Reporting Trials 
(CONSORT) reporting guidelines.

Adult patients (≥ 18 years of age) scheduled for elec-
tive gastroscopy under general anesthesia and with an 
anticipated anesthesia duration at ≥ 15  min were eli-
gible. Patients with high risk of reflux aspiration (preg-
nant women, gastroesophageal reflux) and severe nasal 
obstruction were excluded. Eligible patients were ran-
domized at a 1:1 ratio to receive either HFNC oxygen 
using a OptiFlow THRIVE device (Fisher and Paykel 
Healthcare; Panmure, Auckland, New Zealand) or SNC 
oxygen. Randomization sequence was generated by a 
statistician not involved in this trial otherwise. Conceal-
ment was conducted using sealed opaque envelopes. 
Patients, physicians, and outcome assessors were not 
blinded to group assignment.

After the patients underwent hemodynamic monitor-
ing and pulse oximetry monitoring (IntelliVue MP70 
M8007A, Philips Medical Systems, Boeblingen, Ger-
many), oxygen supplementation (HFNC oxygen at 20 L/
min, 37  °C, oxygen concentration 100% or SNC oxygen 
at 6  L/min) started at 2  min prior to intravenous injec-
tion of 1-mg/kg propofol. Sedation level was monitored 
using the Observer’s Assessment of Alertness/Seda-
tion (OAA/S) scale [18] every 2  min, and maintained 
at OAA/S of 1 (i.e. not responding to mild prodding 
or shaking) throughout the procedure by incremen-
tal boluses of 20  mg propofol. After administration of 
propofol, oxygen flow was increased to 40 L/min in the 
HFNC group and 10 L/min in the SNC group.

In cases of hypoxemia (SpO2 < 90%), jaw-thrust maneu-
ver was conducted to maintain the airway. Mask ven-
tilation was used when severe hypoxemia (SpO2 < 75% 
for any duration, or SpO2 < 90% but ≥ 75% for ≥ 60  s). 
Tracheal intubation was performed at the discretion of 
attending anesthesiologists. The study was performed 
according to the protocol.

Blood pressure, heart rate, pulse oximetry and end-
tidal carbon dioxide were recorded at the baseline and 
every 2  min during anesthesia. Hypotension was man-
aged at the discretion of the attending anesthesiologists. 
After completion of the procedure, patients were moni-
tored for at least 20  min. Throughout the entire study 
period, epistaxis should be observed, which is a potential 
complication of using nasal cannula.

not differ between the 2 groups [22.5% (29/129) in HFNC group versus 21.1% (28/133) in SNC group; risk ratio (95% 
confidence interval): 1.07(0.67–1.69) ; P = 0.779].

Conclusion HFNC oxygen reduced the incidence of hypoxemia during anesthesia in adult patients undergoing 
gastroscopy at ultra-high altitude.
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Outcome measures
The primary end point was hypoxemia (SpO2 < 90% for 
any duration) during anesthesia (i.e., from propofol injec-
tion to the time when the patient’s responding after his/
her name was called loudly after procedure) [19]. Second-
ary outcomes included severe hypoxemia (SpO2 < 75% 
for any duration or SpO2 < 90% but ≥ 75% for ≥ 60 s) and 
hypotension, as defined by reduction of mean arterial 
blood pressure by ≥ 25% from the baseline. All outcome 
measures were recorded in real time by an investigator 
who was not involved in patient care otherwise, and veri-
fied using video recording.

Statistical analysis
Sample size requirement was estimated based on: (1) the 
rate of hypoxemia at 35% in the SNC group (unpublished 
preliminary data) and relative reduction of hypoxemia by 
50% (to an absolute rate of 17.5%) in the HFNC group; (2) 
2-sided α of 0.05 and 90% power. The calculation yielded 
262 patients (131 in each group).

Continuous variables were compared between the 
2 groups using Student’s t-test and presented as mean 
value ± standard deviation upon normal distribution, and 
using Mann-Whitney U test and presented as median 
and interquartile range (IQR) otherwise. Categorical 
variables were analyzed using χ2 test and presented as 

number and percentage. P < 0.05 was considered statisti-
cally significant. All statistical analyses were conducted 
using IBM SPSS Statistics (version 25.0; IBM Corp., 
Armonk, NY, USA). Risk ratios with 95% confidence 
intervals were reported for study outcomes.

Results
Patients
A total of 454 patients were screened during a period 
from April 2021 to July 2021 (Fig. 1); 262 patients were 
randomized (129 and 133 in the HFNC and SNC control 
groups, respectively). The study ended because a suf-
ficient number of subjects were included. Demographic 
and baseline characteristics were generally balanced 
between the 2 groups (Table 1).

Outcomes
The rate of hypoxemia was 9.3% (12/129) in the HFNC 
group versus 36.8% (49/133) in the SNC group (P < 0.001; 
Table 2). The HFNC group also had lower rate of severe 
hypoxemia (0% versus 11.3%; P < 0.001; Table  2). The 2 
groups did not differ in the rate of hypotension. Tracheal 
intubation was not performed in either group. Epistaxis 
was not observed in any patient in either group.

Fig. 1 Patient flow through the trial
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Discussion
The current trial showed a robust reduction in the rate 
of hypoxemia in the HFNC group (9.3%) as compared to 
that in the SNC group (36.8%). The rate of severe hypox-
emia was also lower in the HFNC group (0.0% versus 
11.3% in the SNC control group). Hypotension did not 
differ between the 2 groups.

In a previous trial in patients undergoing gastrointesti-
nal endoscopy with propofol (OAA/S scale maintained at 
< 3) at ultra-high altitude (3650 m) [20], supraglottic jet 
oxygenation and ventilation (SJOV) decreased the rate 
of moderate hypoxemia (SpO2 < 90% but ≥ 75% for < 60 s) 
during gastrointestinal endoscopy from 47.2% (17/36) in 
the SNC group to 8.3% (3/36). The rate of severe hypox-
emia was decreased from 25.0% (9/36) to 0.0% (0/36). 
SJOV-related complications included nasal bleeding 
(8.3%), pharyngalgia (2.8%) and xerostomia (2.8%). In 
the current study, we only recruited patients undergoing 
gastroscopy and OAA/S was maintained of 1 by propofol. 
The results demonstrated robust reduction in the rate of 
hypoxemia (from 36.8 to 9.3%) as well as severe hypox-
emia (from 11.3 to 0.0%) in the HFNC group. No HFNC-
related complications were observed, confirming similar 
efficacy of HFNC to SJOV but less side adverse events.

The rate of hypoxemia in the SNC group in the cur-
rent study was much higher than reported by a large 
trial by Lin et al. that compared HFNC oxygen with SNC 
oxygen in adult patients undergoing gastroscopy under 
propofol anesthesia at the sea level [17]. Such a discrep-
ancy could be reasonably attributed to difference in alti-
tude. In addition, the mean procedure time was higher in 
the current study (13 min versus 5 min in the Lin et al. 
trial). Another notable difference between the 2 studies 
is the lower HFNC flow rate in the current study (40 L/
min versus 60  L/min in the Lin et al. trial). Such a rate 
in the current study represents the maximum achievable 
rate due to the ultra-high altitude. The efficacy of HFNC 
is apparently dependent on the flow rate since Mazzeffi et 
al. [16] reported only a modest reduction in the incidence 
of hypoxemia (from 33.1 to 21.2%) with 20 L/min HFNC 
in patients undergoing gastroscopy at the sea level.

Lower oxygen partial pressure at high altitude causes 
alveolar hypoxia and hypoxemia. Also, the tempera-
ture and humidity are lower compared to the sea level 
[21]. The benefits of HFNC include 100% FiO2 (fraction 
of inspired oxygen), lower positive end expiratory pres-
sure that decreases alveolar collapse, and less stimulation 
to the airway [22]. In the present study, FiO2 was set at 
100% in the HFNC group. Because of the high flow rate, 
we suspect the actual inspired oxygen concentration in 
patients in the HFNC group was close to 100% [8]. In 
contrast, 10  L/minute oxygen via SNC has been shown 
to produce < 80% FiO2 at the sea level [7, 8]. At the ultra-
high altitude in the current study (3650  m), the actual 

Table 1 Demographic and baseline characteristics of patients
Characteristics HFNC (n = 129) SNC (n = 133) P 

value
Age (y) 48.6 ± 5.2 49.1 ± 4.8 0.419
Male sex, n(%) 62(48.1%) 59(44.4%) 0.548
Body mass index 
(kg/m2)

24.1 ± 3.1 23.8 ± 2.9 0.419

Local resi-
dence ≥ 3 months, 
n(%)

125(96.8%) 128(96.2%) 0.770

ASA grade, n(%) 0.660
I 28(21.7%) 32(24.1%)
II 88(68.2%) 84(63.2)
III 13(10.1%) 17(12.8%)
Comorbidity, n(%)
Hypertension 51(39.5%) 45(33.8%) 0.338
Coronary artery 
disease

12(9.3%) 8(6.0%) 0.316

Diabetes 10(7.8%) 15(11.3%) 0.331
Obstructive sleep 
apnea

19(14.7%) 14(10.5%) 0.305

Asthma 5(3.9%) 3(2.3%) 0.446
COPD 3(2.3%) 2(1.5%) 0.680
Interstitial lung 
disease

1(0.8%) 2(1.5%) >0.999

Hemoglobin con-
centration (g/L)

160.2 ± 23.6 158.1 ± 25.9 0.494

Baseline vital signs
SpO2 at room 
air (%)

90.3 ± 2.3 90.4 ± 2.7 0.748

Mean blood pres-
sure (mmHg)

99.3 ± 18.8 97.1 ± 19.3 0.351

EtCO2 (mmHg) 35.8 ± 1.2 36.1 ± 1.6 0.088
Anesthesia 
characteristics
Gastroscopy time 
(min)

13.3 (10.5–18.8) 12.5 (10.0–18.0) 0.220

Anesthesia time 
(min)

18.4(15.3–25.8) 18.1(15.1–24.1) 0.577

Total propofol 
dosage (mg)

223.3(133.5-310.7) 210.1(158.6-303.9) 0.080

Data are expressed as mean ± SD, median (IQR), or number (percentage)

ASA, American Society of Anesthesiology classification of physical status; 
COPD, chronic obstructive pulmonary disease; EtCO2, end-tidal carbon dioxide; 
HFNC, high-flow nasal cannula; SNC, standard nasal cannula; SpO2, peripheral 
oxygen saturation

Table 2 Outcomes in the 2 groups
Outcome HFNC 

(n = 129)
SNC 
(n = 133)

Risk ratio 
(95% CI)

P 
value

Hypoxia, n(%) 12(9.3%) 49(36.8%) 0.25(0.14–0.45) < 0.001
Severe hypoxia, 
n(%)

0(0.0%) 15(11.3%) 0.03(0.00-0.55) < 0.001

Hypotension, n(%) 29(22.5%) 28(21.1%) 1.07(0.67–1.69) 0.779
Data are presented as number (percentage). HFNC, high-flow nasal cannula; 
SNC, standard nasal cannula; CI, confidence interval
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FiO2 could be even less. HFNC also produces lower posi-
tive airway pressure, mainly determined by the flow rate 
[23]. In the present study, the oxygen flow rate was 40 L/
min, resulting in a calculated positive airway pressure of 
1.3 cmH2O in an open mouth during gastroscopy [23], 
which increases the end-expiratory lung volume.

A recent study conducted at 2600-m altitude reported 
75% success (as defined by not requiring invasive 
mechanical ventilation) with HFNC treatment in ICU 
patients with hypoxemic respiratory failure [24]. Results 
of the current study added much-needed support for the 
benefits of HFNC in managing patients in high-altitude 
areas.

This trial has several limitations. First, we did not mea-
sure EtCO2 (end tidal carbon dioxide) after oxygen supply 
due to technical difficulty (interference of the measure-
ment by the high flow of oxygen). Second, as a single-
center trial, whether the results are applicable to the 
general practice setting at high altitude requires further 
confirmation. Third, we did not conduct a cost-benefit 
analysis, since HFNC has not yet been covered by medi-
cal insurance and can only be self funded, it is clear that 
the cost of the HFNC is definitely higher than the SNC. 
If HFNC can be coverd by the medical insurance in the 
future, the cost will be greatly reduced.

In summary, HFNC oxygen therapy reduced the inci-
dence of hypoxemia, and particularly severe hypoxemia 
in adult patients undergoing gastroscopy under propofol 
anesthesia at ultra-high altitude.
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