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Objective: The focus of this meta-analysis was to assess the sedative effect and safety of
intranasal dexmedetomidine (Dex) in mandibular third molar surgery.

Methods: The PubMed/Medline, Web of Science, Cochrane Library, and China National
Knowledge Infrastructure databases were searched for studies published until May 1, 2018.
Eligible studies were restricted to randomized controlled trials (RCTs) and controlled clinical
trials. The evaluation indicators mainly included the bispectral index, observer assessment of
alertness/sedation scale, systolic blood pressure, and heart rate. Data for each period in the Dex
and control groups were pooled to evaluate its sedative effect and safety.

Results: Five RCTs met the inclusion criteria. This study included 363 patients: 158 patients
received intranasal inhalation of Dex before surgery, and 158 patients were negative controls.
The pooled results showed a good sedative effect during tooth extraction when intranasal inhala-
tion of Dex was performed 30 minutes before third molar extraction (assessment of alertness/
sedation, Dex vs control SMD —1.20, 95% CI —1.73 to —0.67, I’=0, P=0.95; bispectral index,
Dex vs control SMD —11.68, 95% CI —19.49 to —3.87, I’=89%; P=0.0001), and parameters
returned to normal within 90 minutes after inhalation. During the operation, blood pressure and
heart rate decreased to some extent, but the decreases did not exceed 20% of the baseline, and
all patients returned to normal conditions within 90 minutes after inhalation.

Conclusion: Intranasal inhalation of Dex 30 minutes before third molar extraction can provide
a good sedative effect, and large-sample multicenter RCTs are needed to evaluate the analgesic
effect of Dex.

Keywords: intranasal dexmedetomidine, sedation, mandibular third molar, meta-analysis

Introduction

Mandibular third molar extraction is a common procedure in the oral and maxillofacial
region.' Patients often have a high degree of fear and anxiety when facing tooth-
extraction surgery.* Many factors may cause or increase the preoperative nervousness or
anxiety of patients. Common factors are visual (tooth extraction instruments, including
various sharp needles and elevators), pain perception (pain when injecting anesthesia,
discomfort when cutting tooth tissue, prolonged intraoperative mouth-opening time),
auditory (sound of the high-speed air-turbine drill when cutting tooth tissue), and
previous unpleasant dental treatment experience.’”’

Dexmedetomidine (Dex) is a highly selective o, adrenergic receptor agonist that
triggers and maintains natural sleeping status without eye movement by stimulating
the locus coeruleus in the brain stem, which is the densest region of o, receptors in
the central nervous system.®® It produces sedative and hypnotic effects, and patients in
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this sedative state can be aroused by stimulation or language.
Respiratory depression does not occur during the process of
sedation.!® Dex is being used commonly in various specialties
like surgery, anesthesiology, critical care medicine, neuro-
surgery, and dentistry for its anti-inflammatory and sedative
effects.!!"!* Intravenous injection is the standard method of
Dex administration.!®!> However, studies have shown that
intranasal inhalation of Dex can also produce good sedative
effects, and the drug is widely used for general anesthesia
induction in children.'®!” In recent years, some oral surgeons
have evaluated the analgesic effect of intranasal inhalation
of Dex during third molar surgery, but the results have not
been consistent.

A literature search confirmed that no relevant meta-
analysis had been conducted to evaluate systematically the
sedative effect of intranasal inhaled Dex during the extraction
of wisdom teeth. Moreover, a consensus has not been reached
regarding the analgesic effect of Dex. Therefore, the purpose
of this systematic review was to evaluate systematically the
analgesic efficacy and safety of intranasal inhalation of Dex
in third molar surgery and provide theoretical support for its
subsequent clinical application.

Methods

Search method

All studies that evaluated and compared the sedative and
analgesic effects of intranasal inhalation of Dex and a con-
trol group undergoing mandibular third molar surgery were
included in this study. We searched the PubMed, Web of
Science, Cochrane Library, and China National Knowledge
Infrastructure (CNKI) databases for literature published
before May 2018 (Supplementary material). To ensure that
the included literature was comprehensive, citations and
related reviews were manually retrieved.

Inclusion and exclusion criteria

Studies had to meet the following criteria: randomized con-
trolled trial (RCT), no language restriction, comparing the
sedation and analgesic effects of Dex with placebo after third
molar surgery in humans, and sufficient original outcome data
to calculate standardized mean difference (SMD) or WMD
with corresponding 95% CI. Inclusion criteria also included
animal studies, case reports, in vitro studies, and reviews.

Quality assessment

Quality assessment of the included studies was determined
according to the Cochrane Collaboration tool, which com-
prises seven criteria: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding

of outcome assessment, incomplete outcome data, selective
reporting, and other bias.!3

Data extraction

Two authors independently extracted the data based on a
previously designed data extraction table. Data extracted
were author, country, experimental design, impaction type,
age, operative time, and dose and evaluation indicators.

Statistical analysis

To assess the safety and sedative of intranasal Dex in man-
dibular third molar surgery, pooled WMD or SMD with
corresponding 95% CI was calculated. Due to the variety of
measures and different units used, SMD was employed."
The level of statistical heterogeneity among studies was
qualitatively and quantitatively assessed through Cochran’s
QO test and P statistic, respectively.?” When 7<<50%, a fixed-
effect model was used. Otherwise, a random-effect model
was used. To compare characteristics of subjects, interven-
tions, and clinical outcomes among included studies, clinical
heterogeneity was assessed.?! Methodological heterogeneity
was determined with the Cochrane risk-of-bias tool.'® By
omission of study data sequentially, a sensitivity analysis was
implemented to explore potential intergroup heterogeneity.
Funnel plots were used to evaluate publication bias.?> All
statistical analyses were implemented using RevMan 5.3
(Nordic Cochrane Center, Copenhagen, Denmark). Two-
sided P<<0.05 was regarded as statistically significant.

Results

Study inclusion

Screening of the articles followed PRISMA principles, and
the study inclusion process is shown in Figure 1. In the initial
search, eleven articles were retrieved from PubMed, 18 from
Web of Science, and 13 articles from the Cochrane Library.
A total of 22 articles were excluded, due to duplication, Dex
not being applied, or Dex not being applied for third molar
extraction. For the remaining 14 articles, after examination
of full texts, ten were excluded (Figure 1). In addition, one
article retrieved from the CNKI database was included.
Finally, five articles were included in this systematic review
(Table 1).2?7 This study included 363 patients: 158 patients
received intranasal inhalation of Dex before surgery, and 158
were negative controls. All articles were published between
2011 and 2016. Of the five articles included, except for
Cheung et al (1.0 mg/kg dose of Dex),? four used a 1.5 mg/kg
dose of Dex.?*2?” Regarding Dex-induction time, in four
articles patients were injected with local anesthetic drugs
30 minutes after intranasal inhalation of Dex.?**27 After
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Records excluded: uncontrolled clinical
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in vitro studies, reviews, case reports,
editorials, letters
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Figure | Study selection process.
Abbreviation: CNKI, China National Knowledge Infrastructure.

a sufficient anesthesia effect had been achieved, the third
molar was removed. In one article, a local anesthetic drug
was injected 20 minutes after intranasal inhalation.?* The
results of the bias analysis are shown in Figure 2.

Observer assessment of alertness/

sedation scale

The patient’s degree of sedation was assessed by an observer
using a modified observer assessment of alertness/sedation
(OAA/S) score and recorded every 10 minutes. Three
articles recorded OAA/S values?*?? (0-5 or 0-6), and SMD
was determined. Compared to the control group, sedation
occurred after 20 minutes in the group with intranasal inha-
lation of Dex (Dex vs control, SMD —1.20, 95% CI —1.73
to —0.67, I’=0; P=0.95). The peak of sedation was reached
at 40 minutes (Dex vs control, SMD -3.19, 95% CI -3.95
to —2.43, P=0; P=0.42), and the basal level was restored after
80 minutes (Dex vs control, SMD —0.65, 95% CI —1.43 to
0.14, P=65%; P=0.12; Table 2).

Bispectral index

The bispectral index (BIS) is a number that represents
mixed information obtained by analyzing the power and
frequency of electroencephalography. BIS scores range
0-100, and larger values represent increased consciousness
of'the patient. A BIS value of 85-100 is generally considered

normal, 65-85 sedated, 40—65 anesthetized, and a value <40
may result in burst suppression.”® Three articles included in
this study evaluated sedation using BIS indicators recorded
every 10 minutes.?*2° Pooled results showed that BIS values
of the two groups were significantly different 20 minutes
after intranasal inhalation (Dex vs control, MD —6.03, 95%
CI -7.78 to —04.27, I*’=0; P=0.84). The difference in BIS
values between the two groups was greatest at 40 minutes
after intranasal inhalation (Dex vs control, MD —11.68, 95%
CI-19.49 to —3.87, I’=89%; P=0.0001). At this time, the Dex
group had reached an obvious sedative state. At 90 minutes
after intranasal inhalation, no significant difference in BIS
values was observed between the two groups, indicating that
the Dex group had returned to the basal level (Dex vs control,
MD -5.14, 95% CI —18.99 to 8.70, I’=97%; P<<0.00001;
Table 3).

Heart rate

Three articles included in this study recorded the heart
rate (HR) of patients.*>?’ Pooled results showed that HR
was 6.68 beats/minute lower than that of the control group
30 minutes after intranasal inhalation of Dex (Dex vs
control, MD —6.68 beats/minute, 95% CI —11.55 to —1.80,
I’=71%; P=0.03). The difference was greatest at 40 minutes
after intranasal inhalation, when HR in the Dex group was
10.82 beats/minute lower than that of the control group
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Table | Main characteristics of included studies
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Notes: PDexmedetomidine; Pplacebo. Dexmedetomidine administered intranasally.

Abbreviations: RCT, randomized controlled trial; Mand, mandibular third molar surgery; OAA/S, observer assessment of alertness/sedation; BIS, bispectral index; HR, heart rate; SBP, systolic blood pressure; NR, not reported.

(Dex vs control, MD —10.82 beats/minute, 95% CI —13.20
to —8.43, I’=45%; P<<0.16). No significant difference was
observed in HR between the two groups at 90 minutes after
intranasal inhalation, suggesting that patients had returned to
baseline (Dex vs control, MD —3.19, 95% CI -7.32 to 0.94
beats/minute, I’=66%; P=0.05; Table 4).

Systolic blood pressure

Three articles included in this study recorded patients’
intraoperative blood pressure.”?’ Pooled results showed
that 30 minutes after inhalation of Dex, blood pressure was
7.47 mmHg lower than the control group, and the difference
was statistically significant (Dex vs control, MD —7.46 mmHg,
95% CI —10.84 to —4.08, I’=0; P=0.80). The largest differ-
ence occurred 50 minutes after inhalation of Dex (Dex vs
control, MD —10.20 mmHg, 95% CI —13.75 to —6.66, I’=0;
P=0.84). Pooled results showed no significant difference in
blood pressure between the two groups at 70 minutes after
inhalation of Dex (Dex vs control, MD —2.73 mmHg, 95%
CI-8.08 to 2.62, I’=57%; P=0.10; Table 5).

Pain

Four articles included in this study evaluated pain at different
stages after surgery. Since evaluation time varied greatly,
no meta-analysis was performed. Cheung et al noted that
compared to the control group, the Dex group reported
significant pain relief within 12 hours after surgery (either
during mouth opening or at rest).® In addition, Shetty et al
suggested that intranasal inhalation of Dex can reduce pain
during and after surgery.” Ryu et al confirmed that the pain
level of patients can be reduced 1-3 days after surgery by
intranasal inhalation of Dex.?* However, Nooh et al suggested
that intranasal inhalation of Dex did not improve pain after
tooth extraction.?

Adverse reactions

Nooh et al reported several postoperative adverse events: six
patients in the Dex group developed dry mouth after surgery,
one patient had mild tremors, and two patients had mild
dizziness. Two patients were reported to have postoperative
dry mouth in the control group.?® Cheung et al reported that
the incidence of postoperative dizziness in the control group
was significantly higher than in the Dex group.? Other studies
did not report postoperative adverse reactions.

Publication bias
Results of pooled analysis showed that the funnel plot did
not indicate publication bias.
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Random sequence generation (selection bias) _

Allocation concealment (selection bias) _:-

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) —:l
Incomplete outcome data (attrition bias) _:l

Selective reporting (reporting bias) _

0 25 50 75 100

M Low risk of bias

O Unclear risk of bias

W High risk of bias

Figure 2 Quality assessment of included studies.

Discussion

In this systematic review, the five articles included evaluated
five indicators (systolic blood pressure, HR, OAA/S, BIS,
and pain). Four of these indicators were included in the meta-
analysis. In the five articles, the doses in the experimental
group were similar and postoperative evaluation methods
were consistent. Results of the pooled analysis showed that
the funnel plot did not indicate publication bias. Addition-
ally, in this meta-analysis, the sensitivity analysis showed
consistent results. Therefore, the pooled results of this meta-
analysis are reliable.

Pooled results of the BIS analysis showed that 20 minutes
after intranasal inhalation, the BIS value of patients in the
Dex group was significantly different from the control group,
suggesting a sedated status. The sedative effect was most
pronounced at 40 minutes, and lasted until approximately
60 minutes after administration of the drugs. In the five

Table 2 Pooled results of OAA/S

articles, operation time was approximately 20-30 minutes.
Therefore, a single intranasal administration provides patients
with a good sedative effect during tooth extraction. Patients
returned to the baseline state 90 minutes after drug admin-
istration. In addition, three articles used the OAA/S score
to evaluate patients’ sedation status. Pooled results were
similar to those of the BIS. Both findings suggested that a
single intranasal administration can ensure a good sedative
effect during tooth extraction.

Dex has a certain analgesic effect via the anti-inflammatory
and antioxidation pathway.”!32%3° These results were not
included in the meta-analysis, because of the inconsistent
evaluation time in the five articles. Dex acts on the o, adren-
ergic receptor, which inhibits norepinephrine release and
sympathetic conduction, causing blood pressure to decrease
and HR to slow.>! The pooled results of this study suggest that
blood pressure and HR values in the Dex group were both

Item Pooled results Gu et al” Nooh et al*® Shetty and Aggarwal®
Induction 0 minutes, SMD (95% ClI) —0.40 (—0.99 to 0.19) Not estimable —0.40 (—0.99 to 0.19) NR
Induction 10 minutes, SMD (95% Cl) | 0.04 (—0.44 to 0.53) 0 (-0.72 to 0.72) 0.08 (-0.57 to 0.73) NR
Induction 20 minutes, SMD (95% CI) | —1.20 (—1.73 to —0.67)# | —1.22 (~2.00 to —~0.43)* | —1.18 (~1.90 to -0.47)* | NR

Induction 30 minutes, SMD (95% ClI)

~2.54 (-3.10 to —1.98)"

~2.36 (~3.32 to 1 40)*

~222 (-3.07 to —1.37)*

~3.40 (~4.56 to —2.23)*

Induction 40 minutes, SMD (95% ClI)

~3.19 (~3.95 to —2.43)*

~3.58 (~4.78 to —2.37)"

~2.94 (=391 to —1.97)*

NR

Induction 50 minutes, SMD (95% Cl) | —2.64 (-3.32 to —1.96)" | —2.60 (~3.60 to —1.59)* | —2.67 (~3.59 to —1.75)* | NR
Induction 60 minutes, SMD (95% Cl) | —1.65 (—2.22 to —1.08)% | —1.64 (~2.48 to —0.80)* | —1.65 (—2.42 to —0.89)* | NR
Induction 70 minutes, SMD (95% Cl) | —0.73 (—1.23 to -0.22)* | 043 (~1.15t0 0.30) | —1.00 (—1.70 to —0.31)* | NR
Induction 80 minutes, SMD (95% Cl) | —0.65 (—1.43t0 0.14) | —0.24 (-0.96 to 0.48) | —1.04 (—1.74 to —0.34)* | NR
Induction 90 minutes, SMD (95% CI) | -0.26 (-0.74t0 0.23) | 032 (—1.05t0 0.40) | —0.20 (-0.86 t0 0.45) | NR

Note: *P<<0.05.

Abbreviations: OAA/S, observer assessment of alertness/sedation; NR, not reported; SMD, standardized mean difference.
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Table 5 Pooled results of systolic blood pressure

Item

Pooled results

Cheung et al?*

Gu et al”

Nooh et al*®

Induction 0 minutes, MD (95% Cl)

~1.81 (-5.10 to 1.49)

—2.19 (-7.88 to 3.50)

~0.80 (~5.60 to 4.00)

—-3.60 (—11.09 to 3.89)

Induction 10 minutes, MD (95% ClI)

—1.28 (-4.30 to 1.75)

~2.20 (~7.00 to 2.60)

—0.40 (-5.02 to 4.22)

—1.32 (-8.59 to 5.95)

Induction 20 minutes, MD (95% ClI)

~3.05 (~6.24 to 0.15)

~3.83 (-8.43 t0 0.77)

~2.00 (-7.12 to 3.12)

~327 (-12.19 to 5.65)

Induction 30 minutes, MD (95% Cl)

~7.46 (~10.84 to —4.08)*

~6.20 (1123 to —1.17)*

~8.40 (~13.62 to -3.18)*

-8.83 (~18.22 to 0.56)

Induction 40 minutes, MD (95% CI)

-9.36 (—13.10 to —5.62)*

~8.20 (~15.97 to —0.43)*

-8.80 (—13.92 to —3.68)"

—11.78 (-19.50 to —4.06)"

Induction 50 minutes, MD (95% CI)

~10.20 (~13.75 to —6.66)"

-9.30 (~15.90 to —2.70)*

—9.80 (—14.96 to —4.64)"

~12.10 (-19.36 to —4.84)"

Induction 60 minutes, MD (95% ClI)

~8.77 (~12.49 to —5.05)"

~7.66 (1581 to 0.49)

~8.50 (~13.66 to —3.34)"

—-10.14 (-17.28 to —3.00)*

Induction 70 minutes, MD (95% ClI)

~2.73 (-8.08 to 2.62)

~7.84 (~13.51 to —2.17)*

~0.60 (~5.82 to 4.62)

0.97 (—6.58 to 8.52)

Induction 80 minutes, MD (95% Cl)

—426 (~11.86 to 3.35)

—11.85 (—17.47 to —6.23)

~0.20 (-5.18 to 4.78)

~0.66 (-7.23 to 5.91)

Induction 90 minutes, MD (95% ClI)

~6.06 (~16.08 to 3.95)

—15.49 (-21.19 to —9.79)

~2.29 (-9.82 to 5.24)

~0.20 (-5.58 to 5.18)

Note: “P<<0.05.
Abbreviation: MD, mean difference.

significantly lower than those in the control group 30 minutes
after intranasal administration. The largest difference occurred
40-50 minutes after drug administration, but differences did
not exceed 20% of the baseline value. It is suggested that this
drug should be used with caution in patients with slow HR
and low blood pressure.’>* Patient blood pressure and HR
returned to baseline 90 minutes after drug administration,
which is consistent with previous literature reports.*

Interestingly, mixing lidocaine with Dex can enhance
the anesthesia effect and duration of lidocaine anesthesia
in mandibular nerve-block anesthesia, and the effect is
dose-dependent.?**¢ Unfortunately, the five articles here did
not evaluate differences in anesthetic effects of mandibular
nerve—block anesthesia in the Dex and control groups.

The most commonly used drug for clinical sedation
is midazolam, which has sedation, hypnosis, antianxiety,
and anterograde-amnesia effects. Studies have shown that
intravenous injection of Dex produces a sedative effect
similar to midazolam during third molar extraction.?”*
An intranasal spray can produce local therapeutic effects
or systemic therapeutic effects through nasal mucosa
absorption.* This method has the advantages of convenient
use, accurate administration, uniform distribution, and low
dose.* However, a study found that intranasal administra-
tion of midazolam can cause adverse reactions, such as nasal
mucosal irritation; therefore, it is not suitable for intranasal
administration.* * Dex is a highly selective 0., adrenergic
receptor agonist. It is colorless and odorless and does not
irritate the nasal mucosa, which is ideal for intranasal
administration.* Additionally, Ryu et al compared the use
of intravenous and intranasal administration of Dex in third
molar surgery, and showed that the two modes of adminis-
tration produced similar sedative effects.?* As a noninvasive

method of administration, intranasal inhalation of Dex can
produce good sedative effects and can be applied to dental
patients with preoperative anxiety.

There are limitations of this systematic evaluation. The
articles included described slight variations in the dose
administered, difficulty of tooth extraction, and operation
time. Regarding the administered dose, only one article
applied 1 g and the others 1.5 pg. Time for tooth extraction
was generally 20-30 minutes, suggesting that extraction dif-
ficulty was similar among studies. However, impaction type
was not explained in detail in the articles. The number of
samples included was small: only 363 patients were included.
Follow-up time was short in the articles, and adverse reac-
tions and pain levels during the first a few days after sur-
gery were not recorded, which prevented evaluation of the
analgesic effect of intranasal inhalation of Dex. Subjects in
the articles were all Asians. Therefore, in future, a rigorous
multicenter, large-sample RCT should be designed to verify
our conclusions.

Conclusion

Intranasal inhalation of Dex 30 minutes before third molar
extraction can produce a good sedative effect and a certain
degree of postoperative analgesia, and large-sample, mul-
ticenter RCTs are needed to evaluate the analgesic effect
of Dex.
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Search strategies

Cochrane

#1: Molars, third: ti, ab, kw or “third molar”: ti, ab, kw or
“third molars”: ti, ab, kw or “tooth, wisdom: ti, ab, kw or
“wisdom tooth”: ti, ab, kw or “teeth, wisdom”: ti, ab, kw
or “wisdom teeth”: ti, ab, kw or “molar, third”: ti, ab, kw or
“tooth, impacted”: ti, ab, kw or “impacted teeth”: ti, ab, kw
or “impacted tooth”: ti, ab, kw or “teeth impacted” (2,432)
#2: PV-1440: ti, ab, kw or “MPV 1440”: ti, ab, kw or
“MPV 14407 ti, ab, kw or “Precedex”: ti, ab, kw or “Hospira
brand of dexmedetomidine hydrochloride™: ti, ab, kw or “dex-
medetomidine hydrochloride™: ti, ab, kw or “hydrochloride,
dexmedetomidine™: ti, ab, kw or “dexmedetomidine” (2,545)
#3: #1 AND #2 (13)

Web of Science

#1: TS = (molars, third OR third molar OR third molars
OR tooth, wisdom OR wisdom tooth OR teeth, wisdom
OR wisdom teeth OR molar, third OR tooth, impacted OR
impacted teeth OR impacted tooth OR teeth impacted) (31,537)

Drug Design, Development and Therapy

Publish your work in this journal

Drug Design, Development and Therapy is an international, peer-
reviewed open-access journal that spans the spectrum of drug design
and development through to clinical applications. Clinical outcomes,
patient safety, and programs for the development and effective, safe,
and sustained use of medicines are the features of the journal, which

#2: TS = (MPV-1440 OR MPV 1440 OR MPV1440 OR
Precedex OR dexmedetomidine hydrochloride OR hydro-
chloride, dexmedetomidine OR dexmedetomidine) (8,195)
#3:#1 AND #2 (18)

PubMed

#1: “dexmedetomidine”’[MeSH] (2,814)

#2: (MPV-1440[Title/Abstract]) OR (MPV 1440[Title/
Abstract]) OR (MPV1440[Title/Abstract]) OR
(Precedex[Title/Abstract]) OR (Dexmedetomidine
Hydrochloride[Title/Abstract]) OR (Hydrochloride,
Dexmedetomidine[Title/Abstract]) (105)

#3: #1 or #2 (2,855)

#4: “molar, third”[MeSH] (5,893)

#5: (Molars, Third[Title/Abstract]) OR (Third Molar[Title/
Abstract]) OR (Third Molars[Title/Abstract]) OR (Tooth,
Wisdom[Title/Abstract]) OR (Wisdom Tooth[Title/
Abstract]) OR (Teeth, Wisdom|[Title/Abstract]) OR (Wisdom
Teeth[Title/Abstract]) (11613)

#6: #4 or #5 (11,935)

#7: #3 and #6 (11)

Dove

has also been accepted for indexing on PubMed Central. The manu-
script management system is completely online and includes a very
quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.
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