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Edentulous patients often experience difficult facemask ventilation during anesthesia induction, 
primarily due to inadequate facemask seal and air leakage. This randomized trial was designed to 
determine the efficacy and safety of an alternative ventilation strategy, namely the nasal airway 
ventilation technique, which involves the use of a nasal airway and a modified ventilation maneuver 
during anesthesia induction in edentulous patients. Eighty edentulous patients who underwent 
elective surgery with general anesthesia were randomly assigned to the nasal airway or facemask 
group. In the nasal airway group, a nasal airway was inserted and connected to the anesthesia 
ventilator, after which the mouth and nostrils were closed. In the facemask group, moistened gauzes 
were used to improve the facemask seal against hollow cheeks and the “VE-clamp” technique was 
applied for facemask ventilation. The primary outcome was the expired tidal volume during anesthesia 
induction. The expired tidal volume during anesthesia induction was significantly increased in the 
nasal airway group (median 5.6 mL/kg, interquartile range 5.0–5.9), compared with the facemask 
group (median 3.6 mL/kg, interquartile range 2.6–4.5), with a median difference of 1.9 mL/kg (95% 
confidence interval, 1.4 to 2.3; P < 0.001). A higher incidence of successful ventilation by a single 
anesthetist is observed in the nasal airway group than in the facemask group during anesthesia 
induction (100 vs. 82.5%; P = 0.018). There was no significant difference in the incidence of adverse 
events between groups. Our findings demonstrated that the nasal airway ventilation technique 
significantly and safely improved ventilation during anesthesia induction in edentulous patients. Thus, 
this technique can serve as a valuable alternative when facemask ventilation is inadequate in these 
patients.
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With aging population, the predicted prevalence of complete edentulism in Chinese adults by 2030 is 
approximately 305 per 10,0001. Consequently, edentulous individuals are becoming a larger proportion of 
surgical patients. Airway management of edentulous patients undergoing general anesthesia presents a great 
challenge to anesthesiologists, especially facemask ventilation during anesthesia induction, a fundamental 
component of perioperative airway management.

It is reported that difficult facemask ventilation (DMV) occurs in 12–16% of edentulous patients, and the 
lack of dentition is an independent risk factor for DMV2,3. The lack of dentition can lead to the morphological 
changes of the face4 and affect the facemask-to-cheek contact. Thus, DMV often occurs because of massive air 
leakage from poor facemask seal2,3,5. Moreover, prolonged edentulism can lead to relative macroglossia and 
lateral tongue spreading6,7. These anatomical changes may further impair the patency of the upper airway and 
contribute to DMV under muscle relaxation following anesthesia induction, by allowing the enlarged tongue 
to move backward and obstruct the pharyngeal airway8–11. DMV may result in critical situations with potential 
serious adverse outcomes, such as brain damage and death12,13.

Up to now, various strategies, such as utilizing an oversized facemask to encompass the chin, integrating 
a toddler facemask with a nasal airway, and placing the caudal end of a facemask on the lower lip, have been 
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attempted to improve facemask ventilation in edentulous patients2,14,15. However, the ventilation efficacies of 
these strategies are highly dependent on the facemask seal and are also usually unsatisfactory in the patients 
with gastric tube insertion, a common procedure for patients undergoing gastrointestinal surgery. According 
to Langeron et al.3 and Conlon et al.5, it was recommended that dentures should not be removed during 
facemask ventilation to provide facial support. This practice may benefit denture wearers, but is not applicable to 
edentulous individuals who do not wear dentures, a population that is common in developing countries.

Due to decreased lung function and the need for slow anesthesia induction to maintain hemodynamic 
stability, it is essential to ensure continuous oxygenation or ventilation prior to tracheal intubation in elderly 
patients. High-flow nasal cannula and supraglottic jet oxygenation and ventilation are important techniques for 
airway management during general anesthesia that may be effective for edentulous patients. Nevertheless, these 
methods require specialized equipment and skills, resulting in higher medical expenses. Another unconventional 
ventilation technique, utilizing a self-assembled nasal airway and a maneuver to seal the mouth and remaining 
nostril, was suggested for managing difficult airway in a technical communication16. This ventilation technique 
maintains upper airway patency and eliminates the need for a facemask; however, the sealing maneuver is 
inadequate for edentulous patients. Therefore, we employed a novel nasal airway and an improved sealing 
maneuver to achieve a convenient and effective seal in edentulous patients. This ventilation approach, referred 
to as the nasal airway ventilation technique in our article. There have been no clinical trials conducted to assess 
the ventilation efficacy and safety of this technique. Thus, we carried out a randomized trial to determine if the 
nasal airway ventilation technique could improve ventilation by increasing the expired tidal volume (Vte) during 
anesthesia induction (primary outcome) in edentulous patients, as compared to the conventional facemask 
ventilation technique. Additionally, we assessed the incidences of successful ventilation and adverse events 
including hypoxemia, mandibular dislocation, eye injury, nasal mucosal injury and esophagogastric reflux 
(secondary outcomes) during nasal airway and facemask ventilation.

Patients and methods
Trial design and ethics statements
This study was a single-blinded, randomized controlled clinical trial. The trial protocol was approved by the 
Ethics Committee of the First Affiliated Hospital of Zhengzhou University (27/01/2022, 2021-KY-1170-002), and 
prospectively registered on the Chinese Clinical Trials Registry (registration number: ChiCTR2200062471, date 
of registration: 08/08/2022) before the first participant was recruited. This study complied with the Declaration 
of Helsinki, and the report follows the Consolidated Standard of Reporting Trials (CONSORT) guidelines17.

Participants
Edentulous patients (those with an absence of all teeth and dentures), aged ≥ 60 years, with a body mass index 
(BMI) < 25 kg/m2, Mallampati Score I to II, and American Society of Anesthesiologists (ASA) physical status 
I to III, undergoing elective surgery with general anesthesia, were screened for this study. Exclusion criteria 
included contraindications to the use of nasal airway, the presence of other DMV predictors, severe respiratory 
or circulatory dysfunction, and refusal to participate. The patients were told the details of the trial protocol and 
the written informed consent was obtained from each patient included in the study.

Randomization and blinding
The random allocation sequence was generated by the computer at a 1:1 ratio with a block size of 8. A researcher 
not involved in patient recruitment sealed the random numbers in sequentially numbered opaque envelopes. 
The envelopes were opened in recruitment order at the start of anesthesia induction and the patients were 
assigned to the nasal airway or facemask group by investigators. In this study, patients were blinded to the trial 
protocol, while the investigators and attending anesthetists were not.

Anesthesia and airway management
Upon arrival at the operating room, routine monitoring, including electrocardiogram, pulse oxygen saturation 
(SpO2), noninvasive blood pressure and end-tidal partial pressure of CO2 (PETCO2) were commenced, with 
invasive blood pressure monitored if necessary. Both the nostrils of all patients were topically applied ephedrine. 
An inflatable facemask of suitable size (3 or 4) (Tuoren Medical Device Co., Ltd., Henan, China) was chosen to 
reach the best fit for each patient and connected to the breathing circuit (Tuoren Medical Device Co., Ltd., Henan, 
China) for preoxygenation (both groups) and for facemask ventilation (facemask group). After preoxygenation, 
etomidate (0.2–0.3 mg/kg), alfentanil (30–40 µg/kg), and rocuronium (0.6 mg/kg) were slowly administered 
intravenously for anesthesia induction. The patients were ventilated with one of the two ventilation techniques 
after the disappearance of eyelash reflex.

In the nasal airway group, an appropriately sized (6 or 7) and lubricated nasal airway (Naso-Flo®, Medis 
Medical Device Co., Ltd., Tianjin, China) was inserted through a clear nostril and directly connected to the 
breathing circuit, followed by an improved sealing maneuver, in which the mouth and lips were shut tightly by 
one hand of the operator and the nostrils were occluded with the thumb and forefinger of another hand, based on 
the maneuver previously described by Beattie16 (Fig. 1A). In the facemask group, moistened gauzes were placed 
at the hollow cheeks14 to improve the facemask seal and ventilation was performed using a two-handed “VE-
clamp” technique, in which the facemask was held firmly over the face with the thumbs and thenar eminence of 
the operator along two sides of the facemask and a jaw-thrust maneuver was performed with the other fingers of 
both hands, as detailed in the previous study18 (Fig. 1B). A volume-controlled mode of the anesthesia ventilator 
(Primus Dräger, Lübeck, Germany) was used for ventilation, with a preset oxygen flow of 8 L/min, tidal volume 
of 8 mL/kg, ventilatory rate of 15 bpm, and a limit of peak inspiratory pressure of 25 cmH2O.
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The ventilation procedures during anesthesia induction were performed by two experienced anesthetists. 
If adequately exhaled CO2 (i.e. PETCO2 ≥ 10 mmHg19 could not be achieved during a 1-minute attempt by an 
operator, it was defined as difficult ventilation. Subsequently, another operator would help seal either the mouth 
(nasal airway group) or the facemask (facemask group). If ventilation remained inadequate or SpO2 dropped 
below 90% (i.e. hypoxemia), urgent tracheal intubation would be performed. Tracheal intubation would be 
implemented 3 min later if ventilation was adequate. The details on the process of airway management were 
shown in (Fig. 2).

Measurements and data collection
The primary outcome was the Vte during anesthesia induction, which was defined as the average Vte per kilogram 
of body weight measured in the first minute after the cessation of spontaneous respiration and calculated by 
dividing the minute ventilation by a respiratory rate of 15 and the body weight. Secondary outcomes were as 
follows: (1) the incidence of successful ventilation during anesthesia induction, which was defined as the absence 
of difficult ventilation during single-person ventilation; (2) the incidence of adverse events during anesthesia 

Fig. 2.  The process of airway management during anesthesia induction. Vte expired tidal volume, PETCO2 end-
tidal partial pressure of CO2.

 

Fig. 1.  Two ventilation techniques. (A) The nasal airway ventilation technique, in which the mouth and lips 
were shut tightly by one hand of an operator and the nostrils were occluded with the thumb and forefinger of 
another hand. (B) The facemask ventilation technique, in which moistened gauzes were placed at the hollow 
cheeks and two-handed “VE-clamp” facemask ventilation was performed.
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induction, including hypoxemia, mandibular dislocation, eye injury, nasal mucosal injury and esophagogastric 
reflux.

Patient demographic and clinical parameters, including age, gender, BMI, ASA physical status, Mallampati 
Score, gastric tube insertion, and the Vte immediately after tracheal intubation, were also recorded.

Sample size calculation
The sample size was calculated according to the primary outcome. Based on our pilot study of 20 patients, the 
standard deviation of the Vte during anesthesia induction was 1.5 in the facemask group and average between-
group difference was 1.2 mL/kg. Considering a dropout rate of 20%, a sample size of 40 patients per group was 
needed to achieve a power of 90% with a type I error of 0.05.

Statistical analyses
SPSS 26.0 (IBM, Armonk, NY, USA) and R version 4.3.0 (R Foundation for Statistical Computing, Vienna, 
Austria) were used for statistical analyses. Quantitative variables were presented as mean (standard deviation) or 
median (interquartile range, IQR) based on distribution, assessed using the Shapiro–Wilk test. Their between-
group comparisons were performed by student t test or Mann–Whitney U test. Categorical variables were 
reported as number (percentage) and analyzed using χ2 test or Fisher exact test as appropriate. The primary 
outcome was also reported with median difference and 95% confidence interval. P < 0.05 was considered 
statistically significant (two-tails).

Post hoc exploratory analyses were conducted in the subgroups based on whether a gastric tube was inserted 
or not, which was considered to affect the facemask seal and the effect size of the intervention. Additionally, we 
assessed the effect of the intervention after adjusting for age, gender, BMI, and Mallampati Score. P-values were 
corrected for multiple comparisons (Bonferroni correction), and statistical significance was set at 0.025.

Results
Study population
From August 2022 to May 2023, a total of 156 elderly patients were screened for eligibility in the study, and 
76 of them were excluded during enrollment (55 did not meet the inclusion criteria, 6 declined to participate, 
5 had severe respiratory or circulatory dysfunction, 10 had contraindications to the use of nasal airway). The 
remaining 80 patients were randomized to the two groups and finally analyzed. The flow chart of included and 
excluded patients was shown in (Fig. 3). The two groups were comparable with respect to demographic and 
clinical characteristics of patients (Table 1).

Fig. 3.  The CONSORT flow chart of included and excluded patients.
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Primary outcome
The Vte during anesthesia induction was significantly increased in the nasal airway group (median 5.6 mL/kg, 
IQR 5.0–5.9), compared with the facemask group (median 3.6 mL/kg, IQR 2.6–4.5), with a median difference of 
1.9 mL/kg (95% CI 1.4 to 2.3; P < 0.001; Fig. 4).

Secondary outcomes
The incidence of successful ventilation during anesthesia induction was 40 out of 40 (100%) in the nasal airway 
group, compared with 33 out of 40 (82.5%) in the facemask group (P = 0.018; Table 2). In the facemask group, 
DMV occurred in 7 patients (17.5%) during single-person ventilation, 4 of whom were adequately ventilated 
using a two-person technique, while the remaining 3 required urgent tracheal intubation.

There was no significant difference in the incidence of adverse events during anesthesia induction between 
groups (P = 1.000; Table 2). Hypoxemia occurred in 2 of 3 patients who received urgent tracheal intubation in the 
facemask group with the lowest SpO2 ≥ 85%. Two patients experienced mandibular dislocation in the facemask 
group and manual reduction was performed immediately. In the nasal airway group, mild nasal mucosal injury 
was observed in 3 patients and no patient felt nasal uncomfortable during postoperative follow-up.

Fig. 4.  The Vte during anesthesia induction. Vte during anesthesia induction was defined as the average Vte 
per kilogram of body weight measured in the first minute after the cessation of spontaneous respiration in this 
study. Vte expired tidal volume. Compared with the facemask group, ***P < 0.001.

 

Nasal airway group (n = 40) Facemask group (n = 40) P value

Age (yr) 74.5 (5.6) 74.2 (5.6) 0.795

Gender, n (%) 0.823

 Male 18 (45.0) 19 (47.5)

 Female 22 (55.0) 21 (52.5)

BMI (kg/m2) 21.8 (20.6–22.4) 21.9 (20.1–23.0) 0.634

ASA, n (%) 0.818

 II 15 (37.5) 16 (40.0)

 III 25 (62.5) 24 (60.0)

Mallampati Score, n (%) 0.818

 I 16 (40.0) 15 (37.5)

 II 24 (60.0) 25 (62.5)

Gastric tube, n (%) 0.502

 Yes 21 (52.5) 18 (45.0)

 No 19 (47.5) 22 (55.0)

Vte immediately after intubation (mL/kg) 8.0 (0.2) 7.9 (0.2) 0.748

Table 1.  Demographic and clinical characteristics of the patients. Data are presented as mean (standard 
deviation), median (interquartile range), or number (percentage). BMI body mass index. ASA American 
society of anesthesiologists. Vte expired tidal volume.
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Exploratory analyses
Post hoc analyses were conducted to explore the effectiveness of the two ventilation techniques in subgroups 
based on whether a gastric tube was inserted or not. The results showed that the nasal airway ventilation was 
more effective than facemask ventilation in both subgroups, particularly in the subgroup with gastric tube 
insertion. The effect of the intervention remained consistent in both adjusted and unadjusted analyses (all 
P < 0.001; Table 3).

Discussion
To our best knowledge, this study was the first to quantitatively assess the efficacy and safety of the nasal airway 
ventilation technique during anesthesia induction in edentulous patients. Our results demonstrated that 
compared to the conventional facemask ventilation, the nasal airway ventilation significantly increased the Vte 
and the incidence of successful ventilation during anesthesia induction in edentulous patients. This finding was 
supported by a previous report in available literature16. Additionally, the patients in the nasal airway group only 
had minimal adverse events, primarily mild nasal mucosal injury, without the occurrences of hypoxemia and 
mandibular dislocation.

In addition to relieving upper airway obstruction, the nasal airway used in our study can be directly 
connected to the anesthesia ventilator. For effective ventilation, moreover, not only a patent airway but also a 
satisfactory seal of the ventilation system was required. Considering teeth loss and lips retraction in edentulous 
patients, we improved the maneuver of occluding the external nares and mouth by using two hands to obtain 
a sufficient upper airway seal, on the basis of the methods described by Beattie16. Our experience indicates 
that this technique may well meet the above requirements of successful ventilation and is more effective than 
facemask ventilation in edentulous patients.

The present study selected the Vte during anesthesia induction as primary outcome, because it can be 
objectively measured. The results showed that the median Vte was 5.6 mL/kg in the nasal airway group compared 
to 3.6 mL/kg in the facemask group. The increase of Vte in our study was smaller than that reported in previous 
work of Racine et al.2, who compared conventional facemask ventilation with another facemask ventilation 
maneuver—placing the caudal end of a facemask on the lower lip with two hands. In that study, however, the 
lower lip facemask placement was only used in edentulous patients experiencing DMV, which may explain the 
larger increase of Vte. As the location of the cephalad end of the facemask was not clearly provided in their 
article, moreover, it was unclear if the patient’s eyes might be pressed. In addition, this facemask ventilation 
technique may result in a mandibular dislocation because of requiring a powerful jawthrust maneuver to open 
airway and the relaxed temporomandibular joint in elderly people. In our study, two patients in the facemask 
group experienced a mandibular dislocation during ventilation, while no patient suffered this adverse event in 
the nasal airway group due to without a need of jawthrust maneuver.

The incidence of DMV in the facemask group was 17.5% in this study, with a hypoxemia episode in 2 
patients, which are in agreement with findings of previous work2,3. In contrast, no patient in the nasal airway 
group experienced difficult ventilation and hypoxemia episode. Although all cases of DMV were managed 
with two-person mask ventilation and urgent tracheal intubation, there is often a lack of available anesthetists. 

Subgroups Nasal airway group, n (%) Facemask group, n (%)

Unadjusted Adjusted*

β (95%CI) P P for interaction β (95% CI) P P for interaction

All patients 40(100.0) 40 (100.0) 1.98 (1.50 to 2.46) < 0.001a 2.10 (1.72 to 2.48) < 0.001a

Gastric tube <0.001b < 0.001b

Yes 21 (52.5) 18 (45.0) 2.82 (2.27 to 3.37) < 0.001a 2.82 (2.33 to 3.32) < 0.001a

No 19 (47.5) 22 (55.0) 1.33 (0.74 to 1.92) < 0.001a 1.37 (0.84 to 1.89) < 0.001a

Table 3.  Post hoc analyses in patient subgroups. *Adjusted for age, gender, body mass index, and Mallampati 
Score. Age and body mass index are converted into binary variables based on the medians. CI confidence 
interval. Compared to the facemask group, aP < 0.001. Compared to the subgroup without gastric tube 
insertion, bP < 0.001.

 

Nasal airway group (n = 40) Facemask group (n = 40) P value

Successful ventilation 40 (100.0) 33 (82.5) 0.018a

Adverse events 3 (7.5) 4 (10.0) 1.000

 Hypoxemia 0 2

 Nasal mucosal injury 3 0

 Mandibular dislocation 0 2

 Eye injury 0 0

 Esophagogastric reflux 0 0

Table 2.  The incidences of successful ventilation and adverse events during anesthesia induction. Data are 
presented as number (percentage). Compared with the facemask group, aP < 0.05.
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Furthermore, urgent tracheal intubation can lead to significant hemodynamic instability, potentially triggering 
cardiovascular or cerebrovascular events in elderly patients. It must be noted that the definitions for DMV in the 
available literature are often subjective or complex13,20. The Lim and Nielsen scale, based on the best capnograph 
during ventilation, defines PETCO2 < 10 mmHg and no PETCO2 as DMV simply and objectively19. Therefore, this 
scale was chosen to evaluate ventilation outcomes in the current study.

In our study, successful ventilation, defined as the absence of difficult ventilation during single-person 
ventilation, was observed in 82.5% of patients in the facemask group, which was considerably higher than the 
49% reported in Conlon et al.‘s study5. Except for the various definitions of successful ventilation in our and 
their studies, these different findings may be also attributable to the diverse facemask ventilation methods. 
In the present study, the moistened gauzes were placed at the hollow cheeks14 and a two-handed “VE-clamp” 
facemask ventilation technique was used to enhance facemask seal and prevent airway obstruction18,21,22, 
whereas only a one-handed “CE-clamp” facemask ventilation technique was applied in the previous study5. 
Furthermore, Conlon et al.5 demonstrated that leaving dentures in situ during facemask ventilation increased 
successful ventilation by 24%. However, this strategy is limited to patients with dentures and carries a risk of 
denture aspiration. Our findings showed that successful ventilation was achieved in all patients using the nasal 
airway ventilation technique, with only 3 patients experiencing mild nasal mucosal injury. Particularly, post hoc 
exploratory analyses indicated that the ventilation efficacy of this technique was superior in edentulous patients 
with gastric tube insertion, who were hard to be adequately ventilated with facemask strategies, due to challenges 
in achieving a proper facemask seal.

Our study introduced a nasal airway ventilation technique appropriate for edentulous patients during 
anesthesia induction. This approach ensures adequate ventilation before tracheal intubation, reducing the 
risk of hypoxemia and the need for urgent tracheal intubation, while also supporting hemodynamic stability. 
The technique is straightforward, requiring minimal skill and equipment, making it a valuable alternative to 
facemask ventilation. Additionally, it may benefit patients with beards or maxillofacial deformities.

This study had several limitations that need special attention. Firstly, both the investigators and attending 
anesthetists were not blinded to the group allocations. In order to decrease selection bias, investigators opened 
the allocation envelopes at the start of anesthesia induction. Secondly, this study did not include a group in which 
patients were ventilated using a facemask combined with an oral or nasal airway during anesthesia induction. 
However, we speculate that ventilation efficacy of using a facemask combined with an oral or nasal airway in 
edentulous patients would not be better than the nasal airway ventilation technique used in this study, because 
of inadequate facemask seal. However, further studies to confirm the speculation are needed. Lastly, this study 
did not record the age at which patients became edentulous. Available literature indicates that patients who are 
edentulous for many years tend to have more significant changes of facial morphology relative to progressive 
atrophy of the edentulous jaws4.

Conclusion
Our findings demonstrated that the nasal airway ventilation technique significantly and safely improved 
ventilation by increasing the Vte and the incidence of successful ventilation during anesthesia induction in 
edentulous patients. Thus, this technique can serve as a valuable alternative when facemask ventilation is 
inadequate and we recommend the preemptive preparation of a nasal airway prior to anesthesia induction in 
these patients.

Data availability
The data generated and analysed during this study are available from the corresponding author on reasonable 
request.
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