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a b s t r a c t   

Structured summary: Rationale: Nasal high-flow (NHF), a new method for respiratory management during 
procedural sedation, has greater advantages than conventional nasal therapy with oxygen. However, its 
clinical relevance for patients undergoing oral maxillofacial surgery and/or dental treatment remains un-
certain and controversial, due to a paucity of studies. This scoping review compared and evaluated NHF and 
conventional nasal therapy with oxygen in patients undergoing oral maxillofacial surgery and/or dental 
treatment. 
Materials and methods: A literature search of two public electronic databases was conducted, and English 
writing randomized controlled trials (RCTs) of nasal high flow during dental procedure with sedation re-
viewed. The primary and secondary outcomes of interest were the incidence of hypoxemia and hypercapnia 
during sedation and the need for intervention to relieve upper airway obstruction, respectively. 
Results: The search strategy yielded 7 studies, of which three RCTs met our eligibility criteria, with a total of 
78 patients. Compared with conventional nasal therapy with oxygen, NHF significantly reduced the in-
cidence of hypoxemia and hypercapnia during procedural sedation. 
Conclusion: NHF can maintain oxygenation and possibly prevent hypercapnia in patients undergoing dental 
treatment. Additional RCTs are needed to clarify and confirm these findings. 
© 2022Published by Elsevier Ltd on behalf of The Japanese Association for Dental Science. This is an open 

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/ 
CC_BY_NC_ND_4.0   
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1. Introduction 

Procedural sedation is an effective method to reduce fear and 
anxiety in patients undergoing oral maxillofacial surgery and/or 
dental treatment. However, there is a risk for upper airway ob-
struction due to anesthesia and positional influences, such as 
mouth-opening and neck flexion [1–4]. Therefore, effective me-
chanical intervention and respiratory management are required to 
maintain oxygenation. Nasal high-flow (NHF), a new method for 
respiratory management during procedural sedation, is more effec-
tive than conventional nasal therapy with oxygen to maintain upper 
airway patency due to its effect of increasing pressure and washout 
of carbon dioxide (CO2) in the airways [5–7]. However, its clinical 
relevance for patients undergoing oral maxillofacial surgery and/or 
dental treatment remains uncertain and controversial, due to limited 
studies. 

NHF delivers inhalation gas at high-flow (8–70 L/min), with ad-
justable and relatively constant oxygen concentration (21 %−100 %), 
temperature (31–37 ℃), and humidity [8,9]. Compared with con-
ventional oxygenation methods using nasal cannula, NHF produces a 
continuous positive airway pressure that can cause mild lung re-
cruitment [10,11]. Thus, it can reduce the dead space, thereby im-
proving oxygenation and comfort in critically ill patients [12,13]. 
Recently, we reported that NHF improves ventilation during propofol 
sedation, which may reduce the risk of complications related to 
hypoventilation [14]. In addition, some effects of NHF, such as in-
creased functional residual capacity and end-expiratory lung vo-
lume, can improve oxygen saturation in obese patients [15]. 

1.1. Objective 

Since the oxygenation strategy during procedural sedation for 
patients undergoing oral maxillofacial surgery and/or dental treat-
ment remains controversial, in this study, we compared the effects 
of NHF and conventional oxygen therapy on oxygen saturation in 
patients undergoing dental treatment. To our knowledge, this is the 
first scoping review on this topic. 

2. Materials and methods 

This scoping review was performed in accordance with the 
PRISMA-ScR guidelines [16]. The principal investigator performed a 
systematic literature search for articles published in English before 
December 10, 2021, using the PubMed and Cochrane databases and 
the following search criteria: (high-flow nasal cannula OR HFNC OR 
high-flow nasal cannula therapy OR high-flow oxygen therapy 
through nasal cannula OR NHF dental treatment OR dentistry OR 
oral surgery OR oral maxillofacial surgery sedation OR procedural 
sedation OR intravenous sedation OR intravenous anesthesia). This 
search strategy yielded a total of 7 articles. After screening the titles, 
abstracts, and keywords and excluding animal studies, study pro-
tocol, reviews, guidelines or conference abstracts, case reports, ar-
ticles with unclear inclusion criteria, and duplicate articles, three 
randomized controlled trials (RCTs) satisfied the following inclusion 
criteria: clinical studies, comparison between NHF and conventional 
oxygen therapy (nasal cannula and/or face mask), and dental treat-
ment or oral maxillofacial surgery, and were included in this scoping 
review. The data extracted from each RCT include the authors, study 
year, country, and design, number and type of patients, target pro-
cedure and outcomes (Table 1). The primary and secondary 

outcomes of interest were the incidence of hypoxemia and hy-
percapnia during procedural sedation and the need for intervention 
to alleviate upper airway obstruction, respectively. 

3. Results 

The literature search of the PubMed and Cochrane databases 
identified 7 articles of the following types: review, meta-analysis, 
case report, animal experiments, letter, laboratory studies, guide-
lines and conference abstract. Three of these articles were related to 
English NHF RCTs during dental procedure with sedation. Further 
screening of the full texts identified three RCTs that met our inclu-
sion criteria [15,17,18]. The data extracted from these RCTs are de-
tailed in Table 1. All three studies were conducted in Japan. A total of 
78 patients (obese, pediatric, and adult) underwent either a dental 
procedure or treatment. Midazolam and/or propofol were used as 
sedatives. Patients were randomized to either the nasal cannula 
control group (5 L/min) or NHF (30, 40 or 50 L/min) treatment group. 
In obese patients (BMI > 25), the partial pressure of arterial carbon 
dioxide (PaCO2) was 50.1  ±  6.0 mmHg (95 % CI 47.2–53.1) in the 
control group and 47.6  ±  4.8 mmHg (95 % CI 45.2–50.0) in the NHF 
(40 % O2, 40 L/min) group (P = 0.018) [15]. In pediatric dental pa-
tients, the lowest peripheral capillary oxygen saturation values 
during treatment were higher in the NHF group (2 kg/L/min up to a 
maximum of 30 L/min) compared to the control group (P  <  0.05)  
[17]. In addition, 10 patients in the control group compared to 3 
patients in the NHF group required jaw lifting to relieve upper 
airway obstruction and facilitate spontaneous breathing (P  <  0.05). 
In adult dental patients in which sedation was induced by bolus 
administration of midazolam (0.05 mg/kg) followed by continuous 
administration of propofol (target blood concentration: 1.2–2 μg/ 
mL), there was a significant difference between the partial pressure 
of carbon dioxide (PaCO2) and oxygen (PO2) between the Nasal 
Cannula groups (5 L/minute through a conventional nasal cannula) 
and NHF (50 L/min) groups (P  <  0.05) indicating that NHF therapy 
prevented hypoxia compared to control treatment [18]. 

4. Discussion 

This review is the first scoping review to summarize the efficacy 
of Nasal high-flow to prevent hypoxia and hypercapnia during dental 
treatment with sedation. Alterations in the PaCO2 are rarely mea-
sured during surgical procedures. However, at least one study found 
that the PaCO2 was lower in patients that received NHF therapy 
compared to controls [15]. In that study, the PaCO2 was measured 
once, at the 10 min time point after the beginning of the dental 
procedure in obese patients with intellectual disabilities. The find-
ings from two RCTs [17,18] suggested that NHF therapy can prevent 
upper airway obstruction and improve the respiratory condition of 
pediatric dental patients under sedation. The use of NHF in pediatric 
dental patients significantly improved the lowest peripheral capil-
lary oxygen saturation values during treatment, reduced the need for 
intervention to relieve upper airway obstruction, and facilitated 
spontaneous breathing. Furthermore, NHF therapy prevented hy-
poxia in adult dental patients. In a letter to the editor concerning the 
article by Higuchi et al. [15], several key points were made regarding 
the clinical implications of the criteria for defining hypoxemia, in-
terpretation of interventions such as chin lift, explanation for head 
position, and the occurrence rate of hypoxia during procedural se-
dation for dental treatment [19]. In another letter to the editor [20] 
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concerning the article by Sago et. al. [18] suggestions were also made 
regarding the interpretation of hypercapnia occurrence, the influ-
ence of mouth opening, and the need for better insight into hemo-
dynamic data during sedation. 

The clinical usefulness of NHF in dental treatment during seda-
tion was also recently demonstrated in a case report of a 5-year-old 
female who was diagnosed with caries and pulpitis [21]. She re-
ceived dental treatment under intravenous sedation with midazolam 
and target control infusion (TCI) with propofol, with an effect-site 
concentration (Ce) of 1.6–2.0 mg/mL, sedation level of four, and a 
NHF cannula with a fraction of inspired oxygen (FiO2) of 1.0 and a 
flow rate of 10 L/min. No obvious airway obstruction or desaturation 
was reported during her treatment. 

Nasal high flow is advantageous for respiratory management 
during dental treatment under sedation for several reasons. During 
sedation, the upper airway anatomy may be the dominant factor 
governing upper airway collapsibility, due to significant impairment 
of neural mechanisms that control compensatory neuromuscular 
responses [1]. As a result, a 3–6 cmH2O increase in the pharyngeal 
critical pressure (PCRIT) – a measure of upper airway collapsibility – 
can occur during sedation [2]. NHF therapy may be beneficial for 
maintaining upper airway patency during dental procedural seda-
tion, since it can produce positive pressures equivalent to the pres-
sure required to open the airways, depending on the flow rate [6]. 
Positional changes, such as neck flexion and bite (mouth) opening 
which can cause upper airway obstruction, occur frequently during 
procedural sedation for dental treatment and oral maxillofacial 
surgery. Neck flexion decreases pharyngeal size and increases pas-
sive PCRIT in anesthetized patients [4,22]. Neck flexion with a 10- 
degree deviation from the neutral position, reportedly increases the 
passive PCRIT by 4.9  ±  3 cmH20 [4]. It is essential to keep the mouth 
open during oral maxillofacial surgical procedures and dental 
treatment; however, this may cause obstruction [2,23]. Mouth 
opening impacts mandibular movement similar to neck flexion, and 
thus decreases the space enclosed by the maxilla, mandible, and 
cervical vertebrae and increases the soft tissue volume inside the 
bony box, similar to neck flexion [2,22]. NHF therapy may have the 
advantage of producing positive pressure to open the upper airway 
equivalent to the degree of closure caused by mouth opening and 
neck flexion. 

4.1. Limitation 

In this scoping review, our literature search was focused speci-
fically on dentistry. As a result, we found a very limited number of 
RCTs that assessed the effect of NHF during dental procedures that 
required sedation. Furthermore, compared to other RCTs that require 
procedural sedation [24–27], there are several mechanical factors 
including positional changes that influence upper airway patency 
during dental procedures. 

5. Conclusions 

In dental treatment and oral maxillofacial surgery under proce-
dural sedation, the treatment site shares a portion of the upper 
airway. Therefore, in addition to the risk of upper airway obstruction 
due to the influence of anesthesia on neuromuscular function, other 
mechanical factors, such as mouth opening and neck flexion may 
increase the risk of upper airway obstruction. NHF induces several 
cmH2O of positive pressure that can eliminate upper airway ob-
struction due to positional change and can, therefore, be used as a 
supplementary respiratory management tool. Furthermore, CO2 

wash-out during NHF reduces the risk of various hypercapnia-in-
duced secondary complications. Ta
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