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Purpose: Intravenous sedation (IVS) with propofol (PPF) is commonly performed in dental treatment, particular in patients with
dentophobia, with gag reflex, or undergoing implant surgeries, as PPF has the advantages of rapid induction and recovery. However,
PPF and other intravenous sedatives may cause respiratory depression. Thus, IVS with PPF requires oxygen administration. But
airway burn may occur when high-concentration oxygen is stored in the oral cavity and catches fire. For these reasons, the present
study aimed to elucidate the changes in oxygen concentration (OC) under IVS with PPF and oxygen administration.

Patients and methods: Nineteen healthy male volunteers participated in the study. None of them had missing teeth, nasal
congestion, or temporomandibular joint dysfunction. They were sedated with a continuous PPF infusion dose of 6 mg/kg/hr for 25
min, followed by administration of 3 L/min oxygen via a nasal cannula. The OC was measured at two sites, namely, the median
maxillary anterior teeth (MMAT) and median maxillary soft palate (MMSP), before PPF infusion (baseline) and 14, 15-18 (Term 1),
19, and 20-23 (Term 2) min after the start of infusion.

Results: Compared with the values at baseline, the OC in the MMSP significantly increased at each time point, whereas the OC in the
MMAT significantly increased at Term 2. Furthermore, in the comparison of the OC before and after the use of a mouth prop, the OC
exhibited an upward trend, but no statistically significant differences were observed between the two time points in the MMAT and
MMSP. In IVS with PPF and oxygen administration, the OC in the pharynx increases as the sedative level deepens.

Conclusion: Oxygen administration should be temporarily discontinued, and suction should be performed to decrease the OC in the
oral cavity when sparking procedures during IVS with PPF and oxygen administration are performed.
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Introduction

Intravenous sedation (IVS) is commonly performed in dental treatment, particularly in patients with dentophobia, with
gag reflex, or undergoing implant surgeries. IVS has the advantage of rapid onset, which enables the maintenance of an
appropriate sedated state and immediate administration of drugs during emergency, as an intravenous line has already
been secured. Moreover, intravenous sedatives can control anxiety and induce amnesia as they depress the central
nervous system.' Propofol (PPF), an intravenous sedative, is widely used owing to its advantages, such as rapid induction
and recovery.” However, PPF and other intravenous sedatives, such as midazolam and diazepam, cause respiratory
depression. If an airway problem occurs in patients during IVS, supplemental oxygen is crucial to provide a great safety
margin from hypoxemia and give anesthesiologists additional critical seconds to address the problem. Therefore, dental

treatment and implant surgeries under IVS require oxygen administration via a nasal cannula.
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In dental procedures or oral surgeries, electrocautery and laser beam (CO, laser) are used for coagulation and
treatment of conditions, such as peri-implant mucositis and peri-implantitis. Sonya P Mehta reported that the incidence of
electrocautery-induced fires has increased over time, with electrocautery being the ignition source in the presence of
oxygen administration via a nasal cannula during monitored anesthesia care.®> Furthermore, abutments made of titanium
or zirconia throw sparks during tooth crown is prepared using a dental cutting bar. The oral cavity comprises a part of the
upper airway. When high-concentration oxygen is stored in the oral cavity and catches fire, a severe medical accident,
such as airway burn, may occur.*”’

From the viewpoint of medical safety management for dental treatment, this study aimed to elucidate the changes in

oxygen concentration (OC) under IVS with PPF and oxygen administration via a nasal cannula.

Subjects

A total of 19 healthy men volunteered to participate in the study (age range: 24-39 years, mean age: 29.2 + 4.5 years,
body weight: 71.7 = 6.6 kg). Their American Society of Anesthesiologists physical status was 1. None of them had
missing teeth, nasal congestion and temporomandibular joint dysfunction. The study was approved by the Research
Ethics Committee of Ohu University (No. 141, 310) and conducted in accordance with the Declaration of Helsinki.
Informed consent was obtained from each subject.

Methods
PPF Infusion

The subjects were placed in the supine position, and an intravenous catheter (InsyteTM®™ 22-gauge, Becton Dickinson,
USA) was inserted into the medial cubital vein. Subsequently, physiological saline was administered at an infusion rate
of 2 mL/kg/hr. The subjects were sedated with a continuous PPF infusion dose of 6 mg/kg/hr for 25 min after the
cardiovascular parameters were in a steady state (change in vital signs < 10%).

Measurement Method and Measurement Items

Measurement of the OC in the Oral Cavity

An individual plastic plate (an oral appliance) (Erkodur®™, Erkodent Erich Kopp GmbH, Pfalzgrafenweiler, Germany)
(Figure 1) was created to measure the OC in the oral cavity. Before PPF infusion, the individual plastic plate was set, and

a. Frontal view of b. Lateral view of
maximum opening position with mouth prop ~ maximum opening position with mouth prop

This is the end of the sampling tube
and the sampling point in the MMAT

This is the end of the sampling tube
and the sampling point in the MMSP

c. Anindividual plastic plate

Figure | Frontal (a) and lateral (b) views of a mouth maximally opened due to the use of a mouth prop; an individual plastic plate (c). An individual plastic plate (an oral
appliance) was created to measure the OC in the MMAT and MMSP. In addition, Frontal (a) and lateral (b) views showed the maximum opening position with a mouth prop
at Term | and Term 2.
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oxygen was administered at a rate of 3 L/min via a nasal cannula. For the head position, the maxillary occlusal plane was
positioned vertical to the horizon. The subject bit a mouth prop on the first molar between the maxillary and mandibular
teeth; the intercusp interval from the upper to the lower incisor when the mouth was maximally open was 50-60mm.'° The
OC was measured using monitors (BP—608EV®, Omron Healthcare, Co., Ltd., Tokyo, Japan) set up in two sites: median
maxillary anterior teeth (MMAT) and median maxillary soft palate (MMSP). The OC in the oral cavity was measured before
PPF infusion (Baseline) and 14, 15-18 (Term 1), 19, and 20-23 min (Term 2) after the start of PPF infusion. The maximum
opening position was postured with a mouth prop at the beginning of Terms 1 and 2, and changes in the OC in the oral cavity
were observed also during these Terms. The maximum OC in the oral cavity was recorded for Terms 1 and 2.

The subjects were randomly selected to estimate the measurement error in this study. The MMAT and MMSP
measurements were repeated since an interval of next day. The OC in the oral cavity was measured before oxygen
administration and 5, 10 min after the start of oxygen administration, and it was measured with a mouth prop at 10 min
after the start of oxygen administration. The measurement errors (Se) were calculated using Dahlberg’s formula, Se2 =
>'d2/2n, where (d) denotes the difference between the first and second measurements, and (n) is the subject."’

Mean Blood Pressure (mBP), Pulse Rate (PR), Saturation of Percutaneous Oxygen (SpO,), and Sedation Depth
(Richmond Agitation Sedation Scale [RASS])

The measurement items were mBP, PR, SpO,, and RASS. The first three items were measured before and 10, 15, 20, and
25 min after the start of PPF infusion using a monitor (BP—608EV®, Omron Healthcare, Co., Ltd., Tokyo, Japan).
Meanwhile, the RASS was measured at baseline, 14 min after the start of PPF infusion, at Term 1, 19 min after the start
of PPF infusion, and at Term 2. In addition, the sedation depth was evaluated using the RASS by the same dentist, and
the RASS at Terms 1 and 2 were evaluated when the OC reached the maximum value. In this study, we made a rule to
take a mouth prop off when SpO, decreases to <92% during sedation with PPF.'?

Statistical Analysis
The Friedman’s X2r test was employed for the statistical analysis, followed by the Wilcoxon #-test with Bonferroni
correction. P-values < 0.05 were considered statistically significant.

Furthermore, multiple comparisons were performed using the Wilcoxon #-test with Bonferroni correction in terms of
the OC of the MMAT and MMSP as well as the RASS.

Result

Changes in mBP, PR, and SpO, (Figure 2)

It was observed that mBP significantly decreased to 89.5 + 6.4 mmHg, 86.2 = 6.7 mmHg, 84.8 = 5.6 mmHg, and 89.6 +
5.8 mmHg 10, 15, 20, and 25 min after PPF administration, respectively (P < 0.01). Moreover, SpO, significantly
decreased to 98.4 + 0.9%, 98.1 + 0.9%, 97.6 + 1.3%, and 97.6 = 1.3% 10, 15, 20, and 25 min after PPF administration,
respectively (P < 0.01). No significant difference was observed in PR 10, 15, 20, and 25 min after the start of PPF
infusion (from an average of 70-73 bpm).

Changes in the RASS (Figure 3)

No significant differences in the RASS were observed between 14 min after the start of PPF infusion and Term 1 as well
as between 19 min after the start of PPF infusion and Term 2. However, there was a significant difference in the RASS
between Terms 1 and 2 (P < 0.05).

Changes in the OC in the MMAT and MMSP (Figure 4)

Comparison of the OC of the MMAT with the Baseline Value

The OC in the MMAT was as follows: 21.5 £ 1.3% before PPF infusion, 23.2 + 3.5% 14 min after the start of PPF
infusion, 28.2 + 17.6% at Term 1, 23.3 £ 5.0% 19 min after the start of PPF infusion, and 40.8 + 27.1% at Term 2 (P <
0.01). The OC at Term 2 significantly increased compared with the baseline value.
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Figure 2 Changes in the mBP, PR, and SpO, SpO, significantly decreased 10, |5, 20, and 25 min after PPF administration (from an average of 95 to 100%) (P < 0.01).
Furthermore, mBP significantly decreased 10, I5, 20, and 25 min after PPF administration (from an average of 68 to |12 mmHg) (P < 0.01). No significant difference was
observed in PR 10, 15, 20, and 25 min after the start of PPF infusion (from an average of 70 to 73 bpm).

Baseline
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N.S No Significance # P <0.05 Mean : an average of the RASS

Figure 3 Changes in the RASS. RASS significantly decreased 10, |5, 20, and 25 min after PPF administration compared with the baseline value. No significant differences
were observed in the RASS between 4 min after the start of PPF infusion and Term | as well as between |9 min after the start of PPF infusion and Term 2. However,
a significant difference was observed in the RASS between Terms | and 2 (P < 0.05).
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Figure 4 Changes in the OC in the MMAT and MMSP. The OC in the MMAT at Term 2 significantly increased compared with the baseline value (P < 0.01). Furthermore,
compared with the baseline value in the MMSP, the OC at 14 and |9 min after the start of PPF infusion and at Term| and Term2 significantly increased (P < 0.05; OC at 14
min, Terml, and 19 min, P < 0.01; OC at Term2;).

Comparison of the OC of the MMSP with the Baseline Value

The OC in the MMSP was as follows: 21.5 + 1.6% before PPF infusion, 23.9 + 4.0% 14 min after the start of PPF
infusion (P < 0.05), 32.7 £ 23.0% at Term 1 (P < 0.05), 27.9 £ 15.3% 19 min after the start of PPF infusion (P < 0.05),
and 44.5 + 27.5% at Term 2 (P < 0.01). The OC at each point significantly increased compared with the baseline value.

Comparison of the OC Before and After the Use of a Mouth Prop (Figure 5)
Comparison of the OC in the MMAT Before and After Using a Mouth Prop
No significant difference was observed in the OC in the MMAT between 14 min after the start of PPF infusion and Term

1 as well as between 19 min after the start of PPF infusion and Term 2. However, comparison between 19 min after the
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Figure 5 Comparison of the OC before and after the use of a mouth prop. Comparison of the OC before and after the use of a mouth prop revealed no significant
differences in the MMAT and MMSP. However, the OC in the MMAT and MMSP at Term 2 exhibited an increasing trend although the difference was not statistically significant.
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start of PPF infusion and Term 2 revealed that the OC in the MMAT at Term 2 exhibited an increasing trend, although the
difference was not statistically significant.

Comparison of the OC in the MMSP Before and After the Use of a Mouth Prop

No significant difference was observed between 14 min after the start of PPF infusion and Term 1 as well as between 19
min after the start of PPF infusion and Term 2. However, comparison between 19 min after the start of PPF infusion and
Term 2 revealed that the OC in the MMSP at Term 2 exhibited an increasing trend although the difference was not
statistically significant.

Measurement Errors of OC in the Oral Cavity

The measurement errors of OC in the MMAT were as follows: 0.8% at baseline as well as 3.8% and 2.8% 5 and 10 min
after the start of oxygen administration. Meanwhile, the measurement errors of OC in the MMSP were as follows: 0.5%
at baseline as well as 4.6 and 3.6% 5 and 10 min after the start of oxygen administration, respectively.

Discussion

The occurrence of fires in the operating room has been recently reported in the USA, with the incidence ranging from 217
to 650 events each year."? In the field of dentistry, nasal cannulas are used for oxygen administration during sedation as
dental treatment and oral surgeries, such as implant surgery, are performed in the oral cavity. From the viewpoint of
oxygen administration, dental treatment and oral surgeries under sedation are managed with oxygen administration,
which may cause airway burn because of several conditions. Thus, the present study aimed to elucidate the changes in the
OC in the oral cavity and determine interventions to prevent airway burn caused by oxygen administration during
sedation.

Changes in the OC in the MMAT and MMSP

In this study, upper airway obstruction due to relaxation of the tongue was observed in some subjects. Under IVS,
patients with upper airway obstruction started showing paradoxical respiration. Considering this mechanism, the oxygen
throughout the nasal cavity from the nasal cannula is normally aspirated to the lungs throughout the pharynx and larynx
during IVS with PPF. Weakness of the genioglossus muscle occurred, and upper airway obstruction easily occurred when
the sedation level was elevated with the increase in PPF dosage. Furthermore, a negative pressure might have been
generated depending on the degree of upper airway obstruction, and the oxygen aspirated from the posterior nostril
accumulated in the pharynx. Subsequently, the accumulated oxygen in the pharynx gradually spread from inside to the
outside of the oral cavity. Therefore, it was speculated that the OC in the MMSP 14 min after the start of PPF infusion, at
Term 1, 19 min after the start of PPF infusion, and at Term 2 significantly increased. Furthermore, the OC in the MMAT
at Term 2 significantly increased. Hillman DR reported that the genioglossus electromyogram activity decreased
depending on the PPF infusion dose and that upper airway obstruction occurred,'* indicating an increase in pharyngeal
intraluminal pressure. In our study, the pharyngeal closing pressure increased during loss of consciousness with
increasing PPF infusion dose, making it difficult for the oxygen around the pharynx to flow to the lungs.
Consequently, oxygen was thought to accumulate around the pharynx due to development of negative pressure in the
pharynx during inspiration and expiration.

Contrarily, PPF decreases the minute volume during IVS with PPF.? O’Reilly et al'’ reported that intratracheal OC
tended to increase when the respiratory rate or minute volume decreased in humans. They measured intratracheal OC
using tracheal samples obtained from subjects administered with oxygen via a nasal cannula and found that the OC
tended to increase in areas where oxygen could hardly flow. In the pharynx, it was difficult for the oxygen gas to move
due to upper airway obstruction, thus increasing the OC in the MMSP.

Changes in the OC Before and After the Use of a Mouth Prop
In this study, no statistically significant difference was observed in the OC between before and after the use of a mouth
prop. However, the OC in some subjects increased after using a mouth prop compared with the OC 19 min after the start
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of PPF infusion and the OC at Term 2. It was thought that the increase at Term 2 was due to the decrease in the mean
diameter of the upper airway to approximately half when the mouth was maximally opened because of the use of a mouth
prop in the supine position.'® Moreover, the tongue base, muscle, and soft tissue around the pharynx were physically
pushed toward the posterior wall of the pharynx by the opened mandible, thus reducing the airway diameter.'®
Meanwhile, the RASS at Term 2 significantly decreased compared with that at Terms 1 and 2. This indicates that
weakness in the genioglossus muscle developed and pharyngeal closing pressure increased depending on the PPF
infusion dose. As a result, oxygen gas easily accumulated in the pharynx, and the OC at Term 2 tended to be higher
than the OC 19 min after the start of PPF infusion but was statistically insignificant. Therefore, it is speculated that
transient upper airway obstruction easily developed due to weakness in the genioglossus muscle and maximum opening
of the mouth caused by the use of a mouth prop during deep sedation with increasing PPF infusion dose.

Clinical Viewpoint

In dental treatment and oral surgeries with IVS and nitrous oxide inhalation sedation, all patients are provided with
supplemental oxygen via a nasal cannula, in which the OC may increase due to the use of a mouth prop and rubber
dam.'® According to review of literature concerning surgical fires (involved in oral surgeries), the most significant
contributing factors for surgical fires are the use of an ignition source, such as laser or electrocautery equipment, in or
around an oxygen-enriched environment in the head, neck, and upper torso along with the concurrent delivery of
supplemental oxygen, typically via a nasal cannula.* One incident has been reported in which airway fire occurred in the
oropharynx due to cauterization during tonsillectomy in a child.'” Another incident has been reported in which the patient
got second-degree facial burns from a fire that ignited near the nasal hood supplying a nitrous oxide-oxygen mixture
during preparation of a titanium post.'®

Roy et al'®

reported that decreasing the fraction of inspired O, (FiO,) to < 50% may substantially decrease the risk
of airway fire during oropharyngeal surgery. However, the percentage of the OC in the oral cavity that caused airway
fire is unknown in some incidents. Moreover, this is a problem in medical safety management. Considering the clinical
situation under IVS with a nasal cannula, it can be inferred that an airway fire can occur any time during dental
treatment. With the characteristics of dental treatment, the incidence rate of airway fire is thought to decrease during
IVS with oxygen administration because dental treatment and oral surgeries are performed with vacuuming or
suctioning.?*?!

Based on the results of our study along with clinical accident cases, oxygen administration during IVS for dental
treatment or oral surgery should be temporarily discontinued to prevent airway fire. Essentially, suction should always be

performed with temporary interruption of oxygen administration.

Conclusion

In IVS with PPF and oxygen administration, the OC in the pharynx increases as the sedation level is elevated, and the
maximum mouth opening due to the use of a mouth prop may be a trigger for the increase in the OC in the oral cavity.
Therefore, oxygen administration should be temporarily discontinued, and suction should be performed to decrease the
OC in the oral cavity when sparking procedures are performed in dental treatment or oral surgery during IVS with PPF
and oxygen administration.

Disclosure
The authors report no conflicts of interest in this work.
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