PERIOPERATIVE MEDICINE

ANESTHESIOLOGY

Nasopharyngeal Tube
Effects on Breathing
during Sedation for Dental
Procedures

A Randomized Controlled Trial

Yuuya Kohzuka, D.D.S., Shiroh Isono, M.D., Ph.D.,

Sayaka Ohara, D.D.S., Kazune Kawabata, D.D.S.,

Anri Kitamura, D.D.S., Takashi Suzuki, M.D., Ph.D.,
Fernanda R. Almeida, D.D.S., M.Sc., Ph.D.,

Yasunori Sato, Ph.D., Takehiko lijima, D.D.S., Ph.D., D.M.Sc.

ANESTHESIOLOGY 2019; 130:946-57

946

Intravenous sedation in combination with regional anes-
thesia is an effective medical technique commonly
applied for minimizing anxiety, pain, and physical stress for
the patients undergoing various medical procedures such
as minor surgeries, endoscopic examinations, and dental
treatments.'™ Despite its effectiveness, sedation-associated
adverse outcomes such as cardiac arrest and death have been
documented.*® A detailed survey from dental practitioners
in Ilinois, covering the period between 1996 and 2005,
revealed two mortalities and two long-term morbidities for
115,940 sedations, and 30 cases requiring emergency trans-
fer to a hospital despite the widespread use of pulse oxime-
try during dental sedation.® Jastak and Peskin’ reported that
the most common cause of adverse events resulting in death
during dental procedures was hypoxemia due to abnormal
breathing caused by airway obstruction and/or respira-
tory depression. According to Heinrich’s safety triangle, it
would be prudent to treat abnormal breathing with lower
severity to provide increased safety during dental sedation.®
However, no study has explored the nature of breathing,
oxygenation, and consciousness level concurrently with
sedation for dental procedures and clarified mechanisms for
the adverse outcomes.

ABSTRACT

Background: Intravenous sedation is effective in patients undergoing dental
procedures, but fatal hypoxemic events have been documented. It was hypoth-
esized that abnormal breathing events occur frequently and are underdetected
by pulse oximetry during sedation for dental procedures (primary hypothesis)
and that insertion of a small-diameter nasopharyngeal tube reduces the fre-
quency of the abnormal breathing events (secondary hypothesis).

Methods: In this nonblinded randomized control study, frequency of abnor-
mal breathing episodes per hour (abnormal breathing index) of the patients
under sedation for dental procedures was determined and used as a primary
outcome to test the hypotheses. Abnormal breathing indexes were measured
by a portable sleep monitor. Of the 46 participants, 43 were randomly allo-
cated to the control group (n = 23, no nasopharyngeal tube) and the nasopha-
ryngeal tube group (n = 20).

Results: In the control group, nondesaturated abnormal breathing index was
higher than the desaturated abnormal breathing index (35.2 [20.6, 48.0] vs.
7.2 [4.1,18.5] h™', difference: 25.1 [95% Cl, 13.8 to 36.4], P < 0.001).
The obstructive abnormal breathing index was greater than central abnormal
breathing index (P < 0.001), and half of abnormal breathing indexes were
followed by irregular breathing. Despite the obstructive nature of abnormal
breathing, the nasopharyngeal tube did not significantly reduce the abnormal
breathing index (48.0 [33.8, 64.4] h-" vs. 50.5 [36.4, 63.9] h™", difference:
—2.0 [95% Cl, —15.2 to 11.2], P = 0.846), not supporting the secondary
hypothesis.

Conclusions: Patients under sedation for dental procedure frequently
encounter obstructive apnea/hypopnea events. The majority of the obstructive
apnea/hypopnea events were not detectable by pulse oximetry. The effec-
tiveness of a small-diameter nasopharyngeal tube to mitigate the events is
limited.

(AnesTHesloLogy 2019; 130:946-57)

EDITOR’S PERSPECTIVE
What We Already Know about This Topic

e Dental procedures under sedation can cause hypoxic events and
even death. However, the mechanism of such hypoxic events is not
well understood.

What This Article Tells Us That Is New

e Apnea and hypopnea occur frequently during dental procedures
under sedation. The majority of the events are not detectable with
pulse oximetry. Insertion of a nasal tube with small diameter does
not reduce the incidence of apnea/hypopnea.
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Although the guidelines from the American Society of
Anesthesiologists and the American Dental Association rec-
ommend appropriate levels of sedation for dental proce-
dures,>*"" it is difficult to practically maintain the target
depth of sedation. Therefore, oversedation and its associated
consequences are frequently encountered. Furthermore,
injection of water into the oral cavity during dental pro-
cedures may increase the chance of upper airway reflexes
such as coughs and laryngospasm, leading to abnormal
breathing.'>'* This suggests the presence of an inherently
high risk of abnormal breathing with and without desatura-
tion in the sedation for dental procedures. Although the use
of both pulse oximetry and oxygen administration during
dental sedation are strongly recommended in the guide-
lines, detection of abnormal breathing with pulse oximetry
is often delayed, and the value in reporting the abnormal
breathing seems limited.'""*The addition of capnography to
pulse oximetry improves detection of abnormal breathing
and reduces the risk of developing hypoxemia.'® However,
capnography does not accurately characterize the nature of
breathing in detail. In this context, a portable sleep monitor
measuring nasal pressure with nasal cannula and respiratory
efforts can provide detailed information on breathing and
oxygenation. Accordingly, the primary purpose of this study
is to describe the nature of breathing during dental sedation
and test a hypothesis that during sedation for dental proce-
dures, apneas/hypopneas frequently occur that are underde-
tected by pulse oximetry (primary hypothesis).

If upper airway obstruction is a major cause of apneas/
hypopneas during dental sedation, a device that improves the
patient’s airway patency in other populations may be effective
in the patients under sedation for dental procedures. A recent
meta-analysis evidenced effectiveness of a nasopharyngeal
tube for obstructive sleep apnea'®; however, discomfort and
pain caused by a large-bore tube into the nasal passage lim-
its its clinical application. Even more, a small-diameter tube
(3- to 4-mm inner diameter) significantly reduced the fre-
quency of obstructive sleep apnea by more than 50%, with
a 44% tolerance rate."” Based on the promising results in
patients with obstructive sleep apnea, we hypothesized that
a small-diameter nasopharyngeal tube inserted immediately
after induction of sedation reduces the number of the abnor-
mal breathing episodes during dental sedation (secondary
hypothesis). Accordingly, we designed a randomized con-
trol study to test the primary and secondary hypotheses by
assessing the frequency of the abnormal breathing (primary
outcome variable) using a portable sleep monitor in adult
patients undergoing sedation for dental procedures.

Materials and Methods

Participants

This prospective, nonblinded, and randomized control trial
from August 2015 to March 2016 was performed at Showa
University Koto Toyosu Hospital, Tokyo, Japan, and approved
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by its institutional ethics board (14T5026: Showa University
Koto Toyosu Hospital Ethics Committee, Tokyo, Japan) and
registered in the University Hospital Medical Information
Network  Clinical Trial Registry (UMIN000018600:
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?-
function=history&action=list&type=summary&recpt-
no=R000021525&language=E. Accessed August 8, 2015).
Contact information for the full trial information is available
at the University Hospital Medical Information Network
website. The inclusion criteria were: both sexes, 20 yr or older,
American Society of Anesthesiologists physical status I or II,
and a scheduled dental operation under intravenous seda-
tion. The exclusion criteria were: altered mental status and an
allergy history for the drugs used in this study. Based on the
inclusion and exclusion criteria of this study and the oper-
ation schedule for the oral and maxillofacial surgeries, one
of two oral surgeons asked the eligible patients their interest
in participating in this clinical study at his outpatient clinic
and noted their interest in the study on the medical records.
One of the authors, who was in charge of sedation, confirmed
their eligibility for this study and enrolled them in the study
after obtaining a written informed consent from each partic-
ipant. In addition to the potential development of hypoxemia
and other cardiopulmonary complications as risks for seda-
tion procedures not relating to this study, possible discomfort
of the nasopharyngeal tube and minor nasal bleeding were
explained as risks of this clinical study. Before initiation of
patient recruitment, the primary investigator (Y.K.) produced
a random number table by using Mersenne twister (IBM
SPSS Statistics, version 22, IBM Corp., USA)."® The random
number table was kept in his desk drawer to conceal it from
anesthesia care providers. To reduce a potential bias, the pre-
determined random allocation order was strictly applied to
all consecutive consenting patients during the study period.
Compliance of the order was confirmed by another investi-
gator (S.1.) at the end of the data collection. The patients were
randomly allocated either to the control group in which seda-
tion was performed as normal or to the nasopharyngeal tube
group in which a small-diameter nasopharyngeal tube (a soft
lubricated silicone tube with an internal diameter of 4 mm:
nastent classic; Seven Dreamers Laboratories Inc., Japan) was
inserted during sedation. The randomization was designed to
assign patients either condition in a 1:1 ratio without blocking
or stratification. The anesthesiologist revealed allocation of the
participant immediately before sedation.

Preparation of the Subjects and Measurements

Upon arrival at the outpatient clinic of the oral and maxil-
lofacial surgery, an in-room anesthesia care provider assessed
the patient’s general condition, fluid restriction, and fast-
ing as instructed, as well as clinical symptoms suggesting
obstructive sleep apnea, including a STOP-BANG ques-
tionnaire.!” Before the induction of sedation, electrodes for
a type 3 portable sleep apnea monitor (Smart Watch, 300EX,
Pacific Medico, Japan) and a portable electroencephalogram
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monitor (Sleep Profiler, Advanced Brain Monitoring Inc.,
USA), as well as a routine vital-sign monitor including elec-
trocardiogram, noninvasive blood pressure, and pulse oxim-
etry, were attached to a patient sitting on a reclining dental
chair (fig. 1). The sleep apnea monitor measured nasal pres-
sure using a nasal cannula for assessing nasal airflow, chest
wall movements for assessing respiratory efforts, and arterial
oxygen saturation (Spo,) using pulse oximetry. In addition
to assessment of the Ramsey sedation score, consciousness
was assessed by the portable electroencephalogram monitor
measuring three channels of frontal electroencephalograms
and the submental electromyogram activities. A Ramsey
score between 2 and 4 was considered to be an appropriate
sedation level in this study.

Supplemental oxygen was administered at a flow rate
of 3 1/min through another nasal cannula for both groups.
Both nasal pressure cannula and nasal oxygen cannula were
inserted together into the nares, and it was confirmed that
there was no increase of dyspnea during nasal breathing.
The dental anesthesiologist provided the conscious seda-
tion by a bolus intravenous injection of midazolam (1 to
3mg) and propofol (5 to 10mg), followed by continuous
- h™").? Sedation
was performed by one of four dental anesthesiologists,

infusions of propofol (1 to 3mg - kg™

belts of
respiratory trace

nasal pressure measure

a nasal oxygen cannula and
a nasal pressure cannula

a nasopharyngeal tube

with experience from more than 100 cases involving
dental sedation, based solely on the routine monitoring.
For patients assigned to the nasopharyngeal tube group,
a small-diameter nasal airway tube was carefully inserted
through a naris during sedation so that the distal end
reached about 5mm below the uvula (fig. 1). The entire
nasopharyngeal tube was in the nose, and the entrance of
the nasopharyngeal tube was located 3 to 5mm below the
nose entrance, creating a space between the nasal pressure
cannula and the nasal tube while a curved wire was hooked
on the columella preventing movements of the nasopha-
ryngeal tube. When the target sedation level (Ramsey score
between 2 and 4) was achieved, local anesthesia containing
2% lidocaine was administered by the surgeon. The mea-
surements were terminated, and the nasopharyngeal tube
was removed after completion of the surgeries and ces-
sation of propofol infusion. The patient was sent to the
recovery room and remained there until gaining a full level
of consciousness and an acceptable physical performance
assessment by the dental anesthesiologist. After recovery of
full consciousness in the recovery room, a questionnaire
was provided.The patient was asked whether they were (1)
satisfied, (2) indifferent, or (3) dissatisfied with the quality
of sedation.

a portable electroencephalogram
monitor

electromyogr

electrodes for
electroencephalogram

Rl . o

tip of the tube just below
the uvula

Fig. 1. Experimental set up. The measurements of respiration and oxygenation were carried out with a portable sleep apnea monitor and
sedation level with a portable electroencephalogram monitor (upper). A nasal oxygen cannula and a nasal cannula for measurement of nasal
pressure were placed through the naris (/eft lower). Patients in the nasopharyngeal tube group had a soft 4-mm internal diameter nasopha-
ryngeal tube inserted through a naris, and the distal end nasopharyngeal tube was kept about 5 mm passing the uvula. Note that the proximal
end of nasopharyngeal tube did not interfere the nasal cannulas for oxygen supply (middle lowen nor the nasal cannulas for measurement

of nasal pressure (right lower).
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Definitions of the Abnormal Breathing Index (Primary
Outcome Variable)

For testing the hypotheses, abnormal breathing was prede-
termined by the portable sleep apnea monitor based on five
expected features of abnormal breathing: (1) obstructive or
central, (2) apnea or hypopnea, (3) with or without desatura-
tion, (4) with or without irregular breathing, and (5) brady-
pnea or tachypnea. Upper airway obstruction was determined
by the presence of respiratory efforts for an apnea, and the
presence of inspiratory flow limitation was evidenced by a
flattened nasal pressure signal for a hypopnea.?! The defini-
tions of apnea and hypopnea used in this study differ from
those recommended for scoring abnormal breathing during
sleep because of oxygen administration and possible influ-
ences of water in the oral cavity on breathing.?> Apnea was
defined by complete cessation of the nasal pressure changes
for more than 10s. Hypopnea was defined by more than a
50% reduction of the nasal pressure amplitude for more than
105s. Desaturation was defined by more than a 2% reduction
of Spo, for more than 10s. Irregular breathing was deter-
mined when the nasal pressure signal frequency (respiratory
rate) and amplitude fluctuated more than twofold after the
apnea or hypopnea. The irregular breathing was considered
to be elicited by laryngeal stimulation with the water inside
the oral cavity and subsequent cough reflexes. Bradypnea
and tachypnea were defined by a respiratory rate of less than
10 and greater than 30min~!, respectively. The abnormal
breathing index (primary outcome variable), calculated as
the number of abnormal breathing instances per hour of the
operation period, was used for the statistical analyses of the
study hypotheses. All data analyses were blindly performed
by the primary investigator without the group information.

Sample Size

There is no previous study comparing the primary outcome
(abnormal breathing index) between groups. In our prelim-
inary study of 10 sedation patients, total abnormal breathing
index, desaturated abnormal breathing index, and nondesat-
urated abnormal breathing index were 37.1 + 29.5,12.0 £
12.7,and 25.1 £ 17.3h™" (means £ SD). For testing the pri-
mary hypothesis, we expected a 13h™" difference between
desaturated and nondesaturated abnormal breathing indexes,
and for testing the secondary hypothesis, we expected a
25h7" difference of total abnormal breathing index between
the control and nasopharyngeal tube groups."” Assuming
o = 0.05 (two-tailed) and = 0.8, the appropriate sample
sizes for testing the primary and secondary hypotheses were
calculated as 16 control subjects and 23 subjects for each
group, respectively. We then set the total sample size as 46
subjects JMP Pro 12.0.1; SAS Institute Inc., USA).

Statistical Analyses

For baseline variables, summary statistics were constructed
using the number of patients for categorical data, as well as

Breathing during Dental Sedation

means and SDs for continuous variables. Baseline variables
were compared using the Fisher’s exact test or chi-square
test for categorical outcomes and Student’s ¢ test for con-
tinuous variables. The Mann—Whitney rank sum test was
used for comparisons of the respiratory variables between
the groups. The Wilcoxon signed rank test was used to assess
changes of the respiratory variables within the group. The
Wilcoxon signed rank test was used to evaluate the primary
hypothesis by comparing both the nondesaturated abnor-
mal breathing index and desaturated abnormal breathing
index in the control group. The Mann—Whitney rank sum
test was used to assess the secondary hypothesis by com-
paring the abnormal breathing index between control and
nasopharyngeal groups. All values are expressed as either
means = SD or median [first quartile, third quartile]. All sta-
tistical analyses were performed using SAS software version
9.4 (SAS Institute) and SigmaPlot 12.0 (Systat Software
Inc., USA). All P values were two-sided, and a value of P
< 0.05 was considered statistically significant. As for testing
the primary hypothesis, multiple comparison type I error
adjustment was based on a Bonferroni-adjusted criterion
with four adjustments (P < 0.05/4=0.0125) during the
peer reviewing process.

Results

Characteristics of the Participants

A CONSORT (CONsolidated Standards of Reporting
Trials) flow diagram is presented in figure 2. A total of 62
patients scheduled for dental operation under intravenous
sedation were initially invited, and 46 patients gave con-
sent to participate in this study from August 2015 to March
2016.There were 24 patients randomly assigned to the con-
trol group, whereas the remaining 22 patients were assigned
to the nasopharyngeal tube group. Because of failures in the
measurements, one patient from the control and one from
the nasopharyngeal tube group were excluded. Another
patient in the nasopharyngeal tube group was excluded
because of a persistent gag reflex caused by the nasopharyn-
geal tube. In total, 43 patients completed the study protocol
(control group: n = 23, nasopharyngeal tube group: n = 20).
Anthropometric variables and predictors of obstructive
sleep apnea are shown in table 1. A majority of the patients
were relatively young and nonobese and had low likelihood
of obstructive sleep apnea. There were no significant dif-
ferences in the demographic variables between the groups.

Clinical Course of the Sedation and Dental Procedures

Table 2 presents results of the sedation and operation. All
scheduled dental procedures (dental extraction: n = 40, api-
coectomy: n = 2, dental implant surgery: n =1) were suc-
cessfully accomplished without apparent adverse events. The
in-room anesthesia care providers did not recognize any
instances of abnormal breathing during the surgeries. In fact,
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Assessed for eligibility (n=62 )
Recruitment from the patients scheduled for dental surgeries under sedation

Excluded (n=16 )

" Not meeting inclusion criteria (n=2)
" Declined to participate (n=14 )

" Other reasons (n=0 )

| Randomized (n=46 ) |

v [ Allocation ] L

Allocated to control group (n=24 ) Allocated to nasopharyngeal tube group (n=22)
" Received allocated intervention (n= 24 ) " Received allocated intervention (n= 22 )
" Did not receive allocated intervention (n=0) " Did not receive allocated intervention (n= 0)
J’ [ Follow-Up | l
Lost to follow-up (n=0 ) Lost to follow-up (n=0)
Discontinued intervention (n=0 ) Discontinued intervention (Due to vomiting reflex for
nasopharyngeal tube insertion) (n=1)

Analysed (n=23 ) Analysed (n=20 )
" Excluded from analysis (Due to lack of nasal " Excluded from analysis (Due to no EEG signal) (n=1)
pressure data) (n= 1)

Fig. 2. A CONSORT (CONsolidated Standards of Reporting Trials) flow diagram of this study. EEG, electroencephalogram.

in this study, no patients had a level of Spo, less than 90%.  sedation level deeper than the target level. Insertion of the
However, four patients in the control group and five patients nasopharyngeal tube was difficult in one patient in the naso-
in the nasopharyngeal tube group accidentally underwent  pharyngeal tube group. In the questionnaire, this patient rated

Table 1. Anthropometric Variables and Predictors of Obstructive Sleep Apnea
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Control Group (n = 23) Nasopharyngeal Tube Group (n = 20) PValue
Anthropometric variables
Age, yr 34.6 +10.1 37.0+137 0.523
Sex, male/female 6/17 713 0.845
Height, m 1.62 +0.09 1.63 +0.09 0.801
Weight, kg 533+ 121 56.3+9.9 0.377
Body mass index, kg/m? 20.0+29 21.0+25 0.204
ASA physical status, I/l 16/7 16/4 0.501
Interincisors distance, cm 4607 4407 0.254
Thyromental distance, cm 7414 7414 0.978
Upper lip bite test, 1/2/3 23/0/0 17/3/0 0.092
Mallampati class, 1,2/3,4 15/8 13/7 0.988
Predictors of obstructive sleep apnea
Snoring, yes/no 7/16 8/12 0.54
STOP-BANG score, 0-2/3-8 (21/2) (16/4) 0.393
Epworth sleepiness score, 0-10/11-24 (23/0) (18/2) 0.21
Indications for the sedation
Anxiety, yes/no 9/14 4/16 0.203
Gag reflex, yes/no 1/22 4/16 0.167

The values are described in terms of means + SD (continuous variables) and the number of the patients (categorical values). Group difference was assessed by Mann—-Whitney rank
sum test for continuous variables and either chi-square test or Fisher exact test for the categorical variables.

ASA, American Society of Anesthesiologists.

950 Anesthesiology 2019; 130:946-57 Kohzuka et al.
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Table 2. Results of the Sedation and Operation

Breathing during Dental Sedation

Control (n = 23) Nasopharyngeal Tube Group (n = 20) PValue
Operation time, min 30.7 +22.2 271 +15.7 0.548
Propofol, mg/kg 1.98 +0.81 2.58 +1.47 0.111
Midazolam, mg/kg 0.05+0.01 0.05 £ 0.02 0.175
2% lidocaine, ml/kg 0.09 + 0.04 0.12 +0.07 0.147
Ramsey score, 2/3/4/5 (0/3/16/4) (1/3/11/5) 0.213
Basgline Spo,, % 99.3+0.6 99.4+0.7 0.671
Lowest Spo,, % 94.7+3.4 95.4+3.0 0.51
Spo, reduction, % 4.5+3.3 4.0+£2.9 0.551
The number of patients with Spo, less than 90% 0 0 > 0.999

The values are means + SD. Group difference was assessed by Mann-Whitney rank sum test for continuous variables and chi-square test for the categorical variables.

Spo,, arterial oxygen saturation measured with pulse oximetry.

the quality of their sedation “indifferent,” but the remaining
42 patients rated “satisfied” with the quality of sedation.

Typical Abnormal Breathing during Sedation for Dental
Procedures

Instances of typical abnormal breathing are shown in figures 3
and 4. Obstructive apnea was evidenced by the presence of
breathing efforts during apneas and flat line of nasal pressure
trace (fig. 3). Hypopnea was evidenced by the presence but
limited of nasal pressure alteration. Notably, Spo, is main-
tained above 98% despite the long apneas and hypopneas. It is
evident that a series of coughs at the restoration of breathing
immediately after an apnea induced the irregular breathing
and tachycardia. Repetitive periodic obstructive hypopneas
similar to those seen in patients with sleep-disordered breath-
ing during sleep were another common pattern of abnormal
breathing during the sedation (fig. 4).

“

s
™ Tachycardia (obeisfmn”
| I

Results of the Primary Hypothesis: Desaturated versus
Nondesaturated Abnormal Breathing Index in the
Control Group

Among the five predetermined features of the abnor-
mal breathing patterns, no bradypnea and tachypnea was
observed in this study, and therefore four features of the
abnormal breathing patterns were used to classify and ana-
lyze them (table 3). Figures 5 and 6 present frequencies
and durations for each of the four features of the abnormal
breathing in the control group. A median abnormal breath-
ing index, including all patterns of abnormal breathing, was
48.0 [33.8, 64.4] (h™") in the control group, and 20 of 23
patients (87%) had an abnormal breathing index of more
than 30 h™', which corresponded to the frequency of severe
obstructive sleep apnea. Duration of abnormal breathing
varied even within a subject ranging from 10s to more than
2min (median duration: 24.3 [17.6, 34.3] s). Although the

70-90 beats/min

i
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SRS S/
b, Lo ; y
Obstructive
apnea

MMMV

20z Iidy 01 uo 3s8nb Aq Jpd'61.000-0 00906 102/9281SH/9+6/9/0€ L/4Ppd-8lole/ABO|0ISBYISBUE/WOD IBYDIBA|IS ZESE//:dJY WOI) papeojumoq

Fig. 3. An example of typical adverse respiratory events observed during dental sedation in a 57-yr-old patient with body mass index of
24.3 kg/m?. Note obstructive apneas evidenced by the presence of breathing efforts and hypopneas evidenced by the presence of inspiratory
(Insp.) airflow limitations. A series of coughs at the restoration of breathing immediately after an apnea appear to induce the irregular breath-
ing and tachycardia. Oxygen saturation measured by pulse oximetry (Spo,) is maintained above 98% despite the long apneas and hypopneas.
Although speculative, this is possibly due to apneic oxygenation in association with an occasional small amount of ventilation evidenced by
the small respiratory fluctuations of the nasal pressure tracing (red arrows) during the apnea. Exp., expiratory.
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Fig. 4. In the same patient presented in figure 3, repetitive periodic obstructive hypopneas similar to those seen in patients with sleep dis-
ordered breathing during sleep were also observed. Exp., expiratory; Insp., inspiratory; Spo,, oxygen saturation measured by pulse oximetry.

majority of apneas and hypopneas lasted less than 1min
(abnormal breathing index: 43.2 [31.3, 60.9] h™', median
duration: 19.9 [16.4, 22.1] s), apneas and hypopneas lasting
more than 1min were less frequently observed (abnormal
breathing index: 2.4 [0, 6.0] h™', median duration: 80 [70.3,
106.9] s).

Nondesaturated abnormal breathing index was more
frequent (35.2 [20.6, 48.0] vs. 7.2 [4.1,18.5] h™!, difference:
25.1 [95% CI, 13.8 to 36.4], P < 0.001), supporting the
difficulty of detecting the abnormal breathing episodes by
pulse oximetry alone. Nondesaturated abnormal breathing

tended shorter in duration (18.4 [16.3, 24.1] vs. 30.0 [23.0,
45.0] s, difference: 10.4 [95%CI, 2.7 to 18.1], P = 0.014)
than the desaturated abnormal breathing. Obstructive
abnormal breathing episodes were more frequent (P <
0.001) and longer in duration (P = 0.005) than central
abnormal breathing episodes. The frequency (P = 0.649)
and duration (P = 0.065) of apneic abnormal breathing
episodes did not differ from those of hypopneic abnormal
breathing episodes. Approximately half of the abnormal
breathing episodes were followed by irregular breathing.
Solo irregular abnormal breathing without preceding apnea

Table 3. A Summary of the Frequency and Duration for Each of 16 Categories of the Abnormal Breathing during Dental Sedation in the

Control Group

Four Features of Abnormal Breathing

Oxygenation Type Severity Irregularity Frequency, h-' Duration, s
Desaturation Obstructive Apnea Yes 2.0[0,6.9] 26.7 [16.1,55.5]
No 010, 0.6] 25.4110.0, 31.3]
Hypopnea Yes 1.910,6.0] 25.0[16.7,45.0]
No 01[0,1.9] 28.3[11.3,42.3]
Central Apnea Yes 010,0] 12.5[10.0, 15.0]
No 0[0,0] 17.5[10.0, 25.0]
Hypopnea Yes 010, 0] NA
No 01[0,0] NA
Desaturated abnormal breathing 7.2[4.1,18.5] 30.0[23.0, 45.0]
No desaturation Obstructive Apnea Yes 4.8[0,12.0] 15.6 [12.3,20.9]
No 2.610,8.6] 14.7[10.0, 24.2]
Hypopnea Yes 5.0[1.7,13.8] 20.0[13.3,26.3]
No 9.7 [4.4,15.8] 19.6 [15.0, 28.0]
Central Apnea Yes 01[0,3.8] 15.0[13.0, 20.3]
No 01[0,1.8] 15.0 [10.0, 17.5]
Hypopnea Yes 01[0,0] NA
No 01[0,0] NA

Nondesaturated abnormal breathing
All abnormal breathing

35.2 [20.6, 48.0]
48.0 [33.8, 64.4]

18.4 [16.3, 24.1]
24.3[17.6,34.3]

Wilcoxon signed rank test was used to assess changes of the respiratory variables within the group. All values are expressed as medians (the first quartile, the third quartile).

Anesthesiology 2019; 130:946-57
Copyright © 2019, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Kohzuka et al.

20z Iidy 01 uo 3s8nb Aq Jpd'61.000-0 00906 102/9281SH/9+6/9/0€ L/4Ppd-8lole/ABO|0ISBYISBUE/WOD IBYDIBA|IS ZESE//:dJY WOI) papeojumoq



Breathing during Dental Sedation

Oxygenation Type Severity Irregularity

T 100 - .
§ P < 0.001 M P =0.649 P ‘ﬂl]zs
£ /M 8 P<0.001 —
b3 80 A L] (] .
(]
E . b
o 60 - ¢ PR
=
£ .
S 40 -
in]
T [ ]
E 20 A
[e]
c
5 .0

. & {E,\b R 2 ; 3 3@

Gl & e’ Ny
o ,-,'5" N & Q(\ R . o é@
609% o 60% < ¥ @\Q &
&
sample size 23 23 23 23 23 23 23 23

Fig. 5. Box plots presenting comparisons of abnormal breathing index for each of four features of the abnormal breathing in control group.
Median values are indicated by a horizontal bar within each box; bars above and below each box represent 25 and 75 percentiles, ends of
vertical lines denote 5 and 95 percentiles, and black circles are outliers. Comparisons within the feature were performed by Wilcoxon signed
rank test. Note that a predominant abnormal breathing pattern was nonhypoxemic obstructive apneas or hypopneas and half of the instances
of abnormal breathing were followed by irregular breathing. P < 0.0125 was considered statistically significant for adjusting the multiplicity

of the comparison.
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Fig. 6. Box plots presenting comparisons of abnormal breathing duration for each of four features of the abnormal breathing in control
group. Median values are indicated by a horizontal bar within each box; bars above and below each box represent 25 and 75 percentiles,
end of vertical lines denote 5 and 95 percentiles, and black circles are outliers. Comparisons within the feature were performed by Wilcoxon
signed rank test. P < 0.0125 was considered statistically significant for adjusting the multiplicity of the comparison.

or hypopnea was much less frequent (2.3 [0, 4.0] vs. 24.0
[12.0, 44.4] h™": P < 0.001). Interestingly, the occurrence
of irregular breathing was significantly more common in
patients with obstructive apneas with desaturation (2.0 [0,
6.9] 5.0 [0, 0.6], P = 0.003).

Kohzuka et al.

Results of the Secondary Hypothesis: Effects of
Nasopharyngeal Tube on Abnormal Breathing during
Dental Sedation

Figure 7 presents the comparison between the control and the
nasopharyngeal tube groups with respect to abnormal breathing

Anesthesiology 2019; 130:946-57

953

20z Iidy 01 uo 3s8nb Aq Jpd'61.000-0 00906 102/9281SH/9+6/9/0€ L/4Ppd-8lole/ABO|0ISBYISBUE/WOD IBYDIBA|IS ZESE//:dJY WOI) papeojumoq

Copyright © 2019, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



954

PERIOPERATIVE MEDICINE

Abnormal Breathing Index

(hour™)
100 - P =0.846
~— P = 0.066
] ~
80 - * .
L ]
. P = 0.038
60 - (|
]
L]
40 -
i [ ]
20 .
0 - .
hig:ii;a apnea hypopnea
sample size 23 20 23 20 23 20

Duration [ control group (n=23)
(second) [l nasopharyngeal tube group (n=20)
801 P=0273
mrm
L ]
60 A P=0324 p=p414 ™
— ~
.
° L]
40 - .
20 - &
0 -
apnea +
hypopnea apnea hypopnea
23 20 22 16 22 20

Fig. 7. Box plots presenting effects of nasopharyngeal tube insertion on abdominal breathing index and duration of abnormal breathing
during dental sedation. Median values are indicated by a horizontal bar within each box; bars above and below each box represent 25 and
75 percentiles, ends of vertical lines denote 5 and 95 percentiles, and black circles are outliers. Comparisons within the feature were per-
formed by Mann-Whitney rank sum test. Note the significant increase of hypopneic abnormal breathing index in the nasopharyngeal tube
group despite no difference of total abdominal breathing index. There was a significant interaction between changes of apneic and hypopneic
abnormal breathing indexes for presence or absence of the nasopharyngeal tube (P = 0.001).

during dental sedation. The frequencies (48.0 [33.8, 64.4] vs.
50.5 [36.4,63.9] h™', difference: —2.0 [95% CI, —15.2 to 11.2],
P = 0.846) and duration (P = 0.324) of all abnormal breathing
episodes, including both apneas and hypopneas, did not differ
between the two groups. However, the hypopneic abnormal
breathing index in the nasopharyngeal tube group was signifi-
cantly higher than that in the control group (33.9 [26.9, 43.4]
vs. 30.0 [10.8, 36.0] h™*, difference: 13.1 [95% CI, 5.3 to 21.8],
P =10.038).The apneic abnormal breathing index did not statis-
tically differ between the groups, whereas the apneic abnormal
breathing index tended to be lower in the nasopharyngeal tube
group. There was a statistically significant interaction between
changes of the apneic and hypopneic frequencies in the pres-
ence or absence of the nasopharyngeal tube (P = 0.001).

Discussion

We successfully characterized features of abnormal breath-
ing during sedation for dental procedures and found that
(1) there were as many as 50h™" abnormal breathing epi-
sodes occurring in patients under sedation for dental proce-
dures; (2) the majority of the abnormal breathing episodes
were nonhypoxemic obstructive apneas or hypopneas; and
(3) insertion of a nasopharyngeal tube with small diameter
has limited effect on abnormal breathing.

The Nature and Possible Mechanisms of Breathing
Abnormality during Sedation for Dental Procedures

It was of great surprise to see frequent obstructive apneas and
hypopneas in nonobese middle-aged adults without clinical

Anesthesiology 2019; 130:946-57
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symptoms, suggesting obstructive sleep apnea. This indicates a
possible inherent risk for the induction of abnormal breath-
ing patterns from sedation for dental procedures. The seda-
tives used in this study are reported to selectively decrease the
activity of upper airway dilating muscles, and therefore, seda-
tion per se should make the patients susceptible to pharyngeal
obstruction.”? However, previous studies using drug-induced
sleep endoscopy have never reported such a high susceptibility
to pharyngeal obstruction in the patient population as those
obtained in this study® Furthermore, deeper sedation only
occurred in 20% of the participants, and the targeted conscious
sedation level (Ramsey score between 2 and 4) was successfully
maintained in most of the participants. Therefore, an overdose
of the sedatives would not explain the results of this study.

‘We suspect an increase of pharyngeal collapsibility in the
dental procedures as a possible mechanism for the abnormal
breathing observed. First, wider mouth opening is required
to increase the space for the intraoral procedures. Mouth
opening increases the collapsibility of the retropalatal air-
way, which is part of the nasal breathing route, and in fact
limits maximum inspiratory flow through the nose.**?’
Neck flexion and a head-down position, often preferred
by the surgeon, should further increase the pharyngeal col-
lapsibility.** Second, because of depression of the swallow-
ing reflex during sedation,? water injected for cooling the
rotating drill and the tooth is often accumulated in the oral
cavity and may block the oral breathing route. Therefore,
the patient is forced to breathe exclusively through the
nasal passage already narrowed by mouth opening, further
increasing the chance of apnea and hypopnea caused by the
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pharyngeal obstruction. At the end of obstructive apnea and
hypopnea during sleep, both the oral and nasal breathing
routes are reported to open to restore breathing.” The oro-
nasal breathing, if it occurs during sedation, may increase
the chance of laryngeal stimulation and pulmonary aspi-
ration. In fact, Kohjitani ef al.” reported that accumulation
of water in the oropharynx increased vulnerability to the
cough reflex in dental treatments under intravenous seda-
tion. Accordingly, the unique abnormal breathing patterns
characterized by apnea and hypopnea followed by irregular
breathing would be a result of interaction between the air-
way maintenance and airway protective mechanisms.

Usefulness of a Nasopharyngeal Tube for Improving
Breathing during Dental Sedation

We found that the nasopharyngeal tube used in this study
decreased the severity of abnormal breathing but did not
change the total abnormal breathing frequency, indicating
possible airway obstruction at the pharyngeal airway, not
the larynx during dental sedation and limited clinical use-
fulness of the nasopharyngeal tube to maintain the airway
patency during the sedation for the dental procedures. A
recent meta-analysis evidenced effectiveness of a nasopha-
ryngeal tube for obstructive sleep apnea.'® Care must be
taken to interpret the result because the inner diameter
of the nasopharyngeal tube used in this study was 4mm,
which is much narrower than the one usually used for the
unconscious subjects. We consider that the small diame-
ter is not responsible for the limited effectiveness of the
nasal airway because Nahmias and Karetzky'” demonstrated
more than 50% reduction of sleep disordered breathing by a
nasopharyngeal tube with a 3 to 4 mm inner diameter, and
Kochi and Nishino®' reported stable breathing without an
increase of carbon dioxide, even through a 4-mm diameter
tube in anesthetized, spontaneously breathing adult subjects.
These studies demonstrated the effectiveness of nasal tube
with a small diameter. Therefore, we believe that failure of
the nasal tube to improve breathing efficiency observed in
this study was unlikely to be due to the small diameter of
the nasal tube. We are uncertain whether the position of the
distal end of the tube was appropriate and whether patency
of the tube lumen was maintained throughout the sedation.

Clinical Implications of the Study

Because we successfully clarified the nature of abnormal breath-
ing during sedation for the dental procedures, the results of this
study have various clinical implications. First, it should be noted
that the nasal pressure monitoring was able to detect abnormal
breathing during dental sedation in patients with the mouth
widely open. Accurate assessment of breathing in a patient
covered by surgical drapes and at a remote location from the
anesthesiologist is difficult and delayed if pulse oximetry is only
used, as evidenced by the results of this study. In this context,
capnography 1s usually recommended as an effective respiratory

Breathing during Dental Sedation

monitor during sedation and the postoperative period,*” and
the results of this study raised the possible clinical usefulness of
the nasal pressure monitoring in agreement with the strong rec-
ommendation by the American Academy of Sleep Medicine.”
Future studies should address clinical usefulness of the nasal
pressure measurements in perioperative medicine.

Second, we doubt that clarification of the mechanisms of
abnormal breathing and development of monitoring device
for abnormal breathing alone would lead to the reduction
of mortality and morbidity incidences during dental seda-
tion because of the inherent risks in the procedures dis-
cussed above. Whereas the upper airway is a vital organ for
breathing and airway protection, the space has to be shared
with the surgeon during dental sedation. No fundamental
solution would be achieved without separating the space
and functions in the oral and pharyngeal cavity.

Third, the subjects studied in this study are healthy and
relatively young. Although the incidence rate of mortality
and morbidity from dental sedation is low, Jastak and Peskin’
found more patients with comorbidities such as obesity and
cardiovascular diseases in the victims during the dental seda-
tion.The apneas and hypopneas identified in this study would
result in more severe hypoxemia, leading to cardiovascular
complications in patients with comorbidities. Silent pulmo-
nary aspiration would be symptomatic in elderly patients
with a depressed laryngeal reflex and immunosuppression.

Limitations of this Study

Clearly, this study has several major limitations. First, the
result of allocation was not blinded to both anesthesiologist
and patient. Because of the nature of the intervention, we
considered it difficult to perform a nasopharyngeal tube
without being recognized by the patient. However, we
believe the primary outcome variable predefined in this
study, i.e., abnormal breathing index, is a safe parameter
with minimum influence of the open bias. Furthermore,
blind analyses of the data should further minimize the bias.

Second, we did not assess any baseline breathing abnor-
mality during sleep before the study. The predictors for
obstructive sleep apnea used in this study may not accu-
rately assess the severity of nocturnal breathing abnormal-
ities, whereas the severity of abnormal breathing may be
associated with that during sleep.

Third, the number of abnormal breathing episodes detected
by the nasal pressure signal alone may have been overestimated
because of the presence of oral breathing. The eftects of breath-
ing routes on the nature of breathing were previously docu-
mented in sleeping humans but not in patients during dental
sedation. Although mouth opening was common particularly in
patients with obstructive sleep apnea (70% of total sleep time),*
exclusively oral breathing was extremely rare in sleep apnea
patients (2% of total sleep time) and exclusively nasal and orona-
sal breathing was very common.** Notably, both mouth opening
and the exclusively oral and oronasal breathing patterns were
independent risk factors for increasing frequency of apneas and

Anesthesiology 2019; 130:946-57
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hypopneas.™” High incidence of apneas and hypopneas despite
mouth opening agrees with the results of this study and rather
supports validity of monitoring nasal breathing with either
nasal pressure or capnography in patients under dental seda-
tion. Teichtahl ef al.* evidenced that nasal pressure signal alone
correctly scored 97% of matched respiratory events scored by
oronasal thermistor flow signal in sleep apnea patients. Clearly,
routes of breathing during dental sedation and appropriate respi-
ratory monitoring are to be studied in the near future.

Despite electroencephalogram recorded to assess the
sedation level, the quality of the data was suboptimal,
and we were unable to analyze the data. The poor qual-
ity of electroencephalogram seemed to be from interfer-
ence of the dental drilling and surgeon’s hand movements.
Therefore, we are unable to relate the occurrence of hypo-
pnea and apnea events to the deep sedation. Last, the study
was only performed in a single large private university
hospital, and a uniform sedation technique was used by
the dental anesthesiologists. Accordingly, multicenter stud-
ies with various sedation techniques performed by various
personnel, including nonanesthesiologists, should be con-
ducted in the future to generalize the findings of this study.

In conclusion, patients undergoing dental procedures
with sedation frequently developed nonhypoxemic obstruc-
tive apneas/hypopneas that are not effectively treated with
a small-diameter nasopharyngeal airway. Further studies are
needed to explore the mechanism of abnormal breathing
during sedation and to develop an effective therapy for this
unique clinical scenario.
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