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A retrospective study of deep sedation with concomitant
administration of sedative agents in children
undergoing surgical removal of a mesiodens

Soo Jeong Lee, Kwangwoo Baek

Division of Pediatric Dentistry, Department of Dentistry, Ajou University School of Medicine, Suwon, Korea

Background: Pediatric dentists face challenges when young patients require a mesiodens extraction. General
anesthesia may be a burden to the child as well as the parent due to dental fears and costs. The aim of this
study was to evaluate oral and intravenous sedation in the outpatient setting as a safe and effective means
of managing patients who require a mesiodens extraction.

Methods: Records were reviewed retrospectively to find patients who underwent a mesiodens removal procedure
from January 2013 to September 2014 in the Department of Pediatric Dentistry at Ajou University Hospital
(Suwon, Gyeonggi-do, Republic of Korea). A total of 81 patients (62 male and 19 female) between 4 and
11 years of age (mean [+ SD] 81.6 * 14.1 months) were studied, with a mean weight of 22.9 * 3.3 kg (16
kg to 30 kg). Vital signs, sedation drug dosage, and sedation time were studied.

Results: Mean doses of 63.7 = 2.5 mg/kg chloral hydrate and 1.36 * 0.22 mg/kg hydroxyzine were used
for oral sedation. Nitrous oxide/oxygen was administrated for 40.0 = 2.1 min. The mean dose of midazolam
administered intravenously was 0.14 = 0.06 mg/kg (2.38 &+ 0.97 times). In all cases, the mesiodens was removed
successfully.

Conclusions: Intravenous sedation combined with oral sedation and nitrous oxide/oxygen inhalation can be
an alternative to general anesthesia when administrated and monitored propetly.
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INTRODUCTION

Supernumerary teeth refer to the teeth in excess of the
number that is normally present in both the permanent
and primary dentitions [1]. The etiology of supernu-
merary teeth is not clearly known, although researchers
hypothesize that supernumerary teeth are associated with
the proliferation of dental follicular cells and a genetic
predisposition [2]. Ethnically diverse studies have
reported its prevalence between 0.45% and 2.2% [3].
Eighty percent to 90% of supernumerary teeth are found

in the maxilla [4]. Mesiodentes (singular: mesiodens)
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occur more frequently in boys than in girls, with a ratio
of about 2:1 [4]. Maxillary mesiodentes are present
mainly in the palate [5-7]. In most instances, complica-
tions may occur, including disturbances in tooth eruption,
diastema or axial rotation and inclination of permanent
teeth, absorption of adjacent teeth, or the development
of dentigerous cysts [8].

If such clinical findings are observed, the super-
numerary teeth need to be extracted. However, because
the surgical procedure can be a psychological burden for
children, the timing of and method for extracting the teeth
should be determined while considering the patient’s

cooperative ability and adjacent teeth development [9].
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Because extracting supernumerary teeth can cause pain,
a combination of intravenous midazolam plus oral and
inhalation sedation for deep sedation with concomitant
administration of sedative agents is being used at Ajou
University Hospital (Suwon, Gyeonggi-do, Republic of
Korea).

In this study, we retrospectively analyzed the records
of patients who received intravenous midazolam plus oral
and inhalation sedation in the Department of Pediatric
Dentistry at Ajou University Hospital for mesiodens
extraction. We analyzed the correlations between gender,
age, type and dosage of sedative agents, administration
frequency, duration of sedation, weight, and sedative

agents.

SUBJECTS AND METHODS

1. Subjects

The institutional review board at Ajou University
Hospital approved this retrospective study. This study
included 81 patients (62 male and 19 female) whose
maxillary mesiodentes were removed between January
2013 and September 2014 while under sedation in the
Department of Pediatric Dentistry at Ajou University
Hospital.

2. Sedation and methods

Patients were sedated in accordance with the guidelines
on sedation developed by the Korean Academy of
Pediatric Dentistry [10]. After sedation was fully ex-
plained to the parents/guardians of the patients, written,
informed and signed consent form was obtained as a
precaution. Patients were limited to those with an
American Society of Anesthesiologists physical status
classification of 1 and a Mallampati airway classification
of I or II. Sedation with concomitant administration of
sedative agents was selected for use in pediatric patients
with or without disabilities whose behavior could not be
managed with conventional sedation, whose dental treat-

ment time was expected to be shorter than 1 h, whose
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treatment procedure would be simple, who could breathe
through the nasal cavity, and who did not have any
difficulty maintaining their airway.

Chloral hydrate (Pocral®, Hanlim Pharm, Seoul, South
Korea) and hydroxyzine (Ucerax”, Nextpharma SAS,
France) were orally administered based on body weight.
Thirty minutes after the agents were administered,
patients were moved to the dentist’s office. A mask and
nose hood (Matrx MDM-D Digital Flowmeter, Parker,
Hatfield, USA) were used for inhalation sedation. After
3 min of 100% oxygen (O;) administration, the O
saturation was reduced by 10%/min until the nitrous oxide
(N20) concentration was 50%; that concentration was
maintained. When anxiety and fear were observed in a
patient, additional sedation with midazolam (Midazolam
Bukwang inj*, Bukwang Pharm, Seoul, South Korea) was
administered. To maintain the venous route, a 22 G or
24 G intravenous catheter was inserted in the patient’s
right foot and connected to a 0.9% sodium chloride
solution. While monitoring the patient’s condition,
midazolam was slowly and intravenously administered.
The clinical endpoints were when the patient’s eyelids
closed or the patient claimed subjective comfort and
his/her speaking had gradually slowed [11,12]. If addi-
tional sedation was required, it was administered at
intervals of at least 5 min, after fully assessing the
sedative effects.

The patients’ vital signs during the treatment process
were evaluated by nurses. The treatment process was
evaluated before sedation and every 5 min after admini-
stration. The depth of sedation was evaluated in accor-
dance with the relevant guidelines of Ajou University
Hospital [13], and the heart rate and O, saturation were

measured using a pulse oximeter.
3. Statistical Analysis

All analyses were conducted using SPSS statistics 22
(SPSS INC., Chicago, IL, USA). Analysis of Variance
(ANOVA) was used to determine if there were any
significant differences in body weight between groups

according to chloral hydrate, hydroxyzine, and mida-
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zolam administration as well as N>O/O, time. A Pearson
correlation analysis was performed to test the correlations
between body weight and chloral hydrate, hydroxyzine,
midazolam, and N,O/O; time. To examine the variables
affecting midazolam administration, multiple linear
regression analysis was performed, and statistical

significance was set at P < 0.05.

RESULTS

1. Patient distribution

Of 81 patients, 62 were male (76.5%) and 19 were
female (23.5%). Their age ranged from 4 to 11 years,
with a mean age of 6.8 years (mean [+ SD] 81.6 £ 14.7
months). The measured weights ranged from 16.0 kg to
29.6 kg (mean 22.9 + 3.3 kg. In terms of the distribution
by weight, 42 individuals weighed 20.1 kg to 25.0 kg,
accounting for the largest proportion (51.9%). Seventeen
subjects (21.0%) weighed 15.1 kg to 20.0 kg and 22
(27.1%) weighed 25.1 kg to 30.0 kg (Table 1).

Table 1. Distribution of mesiodentes according to weight and gender

2. Depth of sedation

The breathing pattern of subjects was regular, and a
bloodstream O, saturation (SPO2) of 98% to 100% was
maintained. Midazolam was additionally administered as
needed, considering the half-life of the drug and the
patient response to the agent in order for the depth of
sedation to be maintained at a sedation score of 4 or a
level where the patient felt drowsy but could easily be
aroused when speaking to him/her, tapping on his/her

forehead, or making a loud sound.
3. Dosage of oral sedative agents according to weight

The overall mean dosage of chloral hydrate was 1458
+ 2449 mg, with 1194 + 102.9 mg for those weighing
15.1 kg to 20.0 kg, 1438 + 143.1 mg for those weighing
20.1 kg to 25.0 kg, and 1700 + 248.80 mg for those
weighing 25.1 kg to 30.0 kg. The overall mean dosage
of hydroxyzine was found to be 31.0 + 6.1 mg, with 24.8
+ 1.5 mg for those weighing 15.1 kg to 20.0 kg, 31.5
+ 2.69 mg for those weighing 20.1 kg to 25.0 kg, and
35 + 2.63 mg for those weighing 25.1 kg to 30.0 kg.
With increased weight, the total dosage tended to

increase. No statistically significant difference between

. . = .
\qu_l? ngkg) Tota 1p7at1623r11t;r)1 i Boy1s1 (o GIF|SB(H) weight and oral sedative agents was found (P > 0.05)
20.1—25.0 42 (51.9) 33 9 (Tables 2 and 3).
25.1-30.0 22 (27.1) 18 4

Total 81 62 19

Table 2. Total dose of chloral hydrate and hydroxyzine according to weight

Weight(kg) Chloral hydrate (mg)

Hydroxyzine (mg)

Mean = SD Range Mean = SD Range

15.1—-20.0 11941 + 1029 1000—1300 248 = 15 20—30

20.1—25.0 1438.0 = 143.1 1000—1700 315 = 27 22—-40

25.1-30.0 1700.0 = 248.8 1400—2500 350 = 26 28—50
Total 1458.0 + 2449 310 = 6.1

Table 3. Mean doses of chloral hydrate and hydroxyzine according to weight

Weight(n) Chloral hydrate (mg/kg) P value Hydroxyzine (mg/kg) P value
15.1-20.0 65.1 = 3.1 135 = 0.2

20.1-25.0 63.4 = 50 0.535 139 + 0.3 0.336
25.1-30.0 63.4 = 8.1 1.30 = 0.2
Total 63.7 = 5.7 1.36 = 0.2

Values are mean = SD.
One-way analysis of variances among groups (no significant difference, P > 0.05).
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4. Dosage of intravenous sedative agents according
to weight

The overall mean midazolam dosage used in this study
was 3.30 = 1.34 mg, administered 2.38 £ 0.97 times, on
average. Patients with a higher weight tended to require
a higher number of dose administrations. No statistically
significant difference between weight and mean dosage
of midazolam was found (P > 0.05) (Tables 4 and 5).

5. N2O/O, time according to weight

N>O/O; time was measured starting at the first titration
of N>O via a mask and nose hood until the termination
of titration. N>O/O, was administered for at least 20 min
up to 103 min; the mean administration time was 40.0
+ 2.1 min. Patients with a higher weight tended to have

Table 4. Use of midazolam according to weight

a longer total N>O/O, time. There was a statistically
significant difference between N,O/O, time and weight
(P < 0.05) (Table 6).

6. Correlation analysis between weight and chloral
hydrate, hydroxyzine, midazolam, and N2.O/O, time

The results of correlation analyses between weight and
chloral hydrate, hydroxyzine, and midazolam dosage, and
N,O/O, time showed that Pearson’s coefficients for chloral
hydrate, hydroxyzine, midazolam, and N>O/O, time were
0.817, 0.574, 0.341, and 0.243, respectively (Table 7); chloral
hydrate dosage had the highest correlation with weight.

7. Multiple linear regression analysis

When multiple linear regression analysis was performed
on the 4 variables (weight, chloral hydrate, hydroxyzine,
and N>O/O, time) to analyze factors affecting midazolam
administration, the results showed that hydroxyzine dosage

Weight (kg) Total dose (mg) Number of administrations . . L.
15 ?_20% 238 + 1 19g 194 + 102 and N>O/O, time with a P-value of 0.05 or lower signifi-
20.1-25.0 350 + 1.29 2.33 + 098 cantly affected midazolam administration, and that its
25.1~-30.0 365 = 125 281 = 0.73 explanatory power was 24.2% (Table 8).
Total 330 = 1.34 2.38 = 097
Values are mean = SD. Table 6. Time and range of nitrous oxide (N;O)/oxygen (0) according
to weight
Table 5. Mean dose of midazolam SP— Total N,0/0; time S —
Weight (kg) Mean dose (mg/kg) P value 9 g (min) g
15.1—20.0 0.13 = 0.07 15.1—20.0 356 = 8.8 23—55
20.1—25.0 0.15 = 0.06 0.280 20.1—25.0 39.0 = 137 20—103 0.029
25.1-30.0 0.13 = 0.05 25.1-30.0 454 + 9.1 32—65
Total 0.14 = 0.06 Total 400 = 21

Values are mean = SD.
One-way analysis of variances among groups (no significant difference,
P > 0.05).

Values are mean = SD.
One-way analysis of variances amang groups (no significant difference,
P > 0.05).

Table 7. Correlation of weight with chloral hydrate, hydroxyzine, midazolam, and nitrous oxide (Nz0)/oxygen (02) time

Pearson’s correlation coefficient Chloral hydrate

Hydroxyzine

Midazolam N,0/0; time

Weight 0817

0574 0.341* 0.243

Pearson’s correlation analysis (’P < 0.05).

Table 8. Multiple linear regression analysis of midazolam with weight, chloral hydrate, hydroxyzine, and nitrous oxide (N20)/oxygen (02) time

Variable B Standard Error B t value P value
Intercept —0.948 0.966 —0.982 0.329
Weight 0.014 0.070 0.034 0.202 0.841
Chloral hydrate 0.000 0.001 0.062 0.306 0.760
Hydroxyzine 0.076 0.032 0.345 2.397 0.019
N.0/0; time 0.027 0.011 0.239 2.355 0.021

F = 7391, RZ = 0.280, Adj. R* = 0.242.
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Table 9. Adverse events during sedation

Adverse event Number of patients

Snoring 12
Crying 10
Vomiting 1

Intravenous pain site 1

8. Adverse effects

Snoring and crying were considered adverse effects if
they lasted for more than 1 min. Snoring and crying were
observed in 12 and 10 patients, respectively. Vomiting
occurred in 1 patient during treatment, and 1 patient
complained of intravenous site pain (Table 9). No patient

experienced a complication after returning home.

DISCUSSION

The cause of supernumerary teeth is not definitively
known, but it is clear that they are closely associated with
heredity. A small number of supernumerary teeth may
occur irrespective of heredity, but multiple ones are often
associated with genetics [14]. In this study, intravenous
sedation as an adjuvant method to oral and inhalation
sedation was used to control the depth of sedation because
of the invasiveness of supernumerary teeth extraction. For
pediatric dental patients with or without disabilities who
demonstrate low cooperation and are thus challenging to
provide dental treatment to, non-pharmaceutical manage-
ment may cause patients to experience a lot of stress and
to resist their parents; thus, dental treatment for such
patients has been performed under general anesthesia and
deep sedation [15]. Allen and Sim [16] as well as Grytten
et al. [17] reported patients’ ages, their reasons for select-
ing general anesthesia, and the type of dental treatment
performed for general anesthesia cases. In South Korea,
Lee et al. [18] reported statistical data on dental treat-
ments that were given under general anesthesia to 1,065
patients for 11 years.

Presently, oral sedation with chloral hydrate and

hydroxyzine in combination with N>O inhalation is most

commonly used for pediatric dental treatment in South
Korea [19]. This method has restrictions based on the
age and weight of candidates, and was reported to induce
shallow sedation, which can cause patients to move
frequently during the procedure, resulting in sedation
failure [20]. Midazolam was reported to have a rapid
onset of action and a short duration of action; its short
half-life and the availability of its reversal agents made
it possible to safely sedate patients [21-23]. Midazolam
has a very small toxicity rate, anticonvulsant, muscle-
relaxant effects, and fewer effects on cardiovascular and
respiratory systems [24,25], and produces anterograde
amnesic effects wherein patients do not remember facts
such as the surgical procedure, surgical pain, or convert-
sations during the sustained efficacy period [26,27]. To
date, domestic pediatric dentists have mainly admini-
stered midazolam via submucosal, intranasal, and intra-
muscular routes [28]. Intravascular sedation has advan-
tages in that it produces a rapid onset of action, offers
fast recovery and easy density titration, and enables
additional agents to be administered [29]. Midazolam is
more water-soluble than barium; therefore, it causes less
pain when given intravenously. Its elimination half-life
is shorter, thus its administration may lead to faster
patient discharge from the hospital following treatment
[30]. Midazolam can be used as an alternative to general
anesthesia in patients whose sedation with concomitant
chloral hydrate and hydroxyzine is not expected to be
optimal due to being overweight [31]. In this study,
patients undergoing supernumerary teeth extraction who
needed a sedation depth adjustment were administered
intravenous midazolam in addition to the regular oral and
inhalation sedation. Intravascular sedation does have
disadvantages: it is necessary to secure the venous route
by venipuncture, and phlebitis or hematoma may occur
at the intravascular injection site [29]. In this study, 1
patient complained of pain when intravenously injected.
A previous study [32] reported that Eutectic Mixture of
Local Anesthetics (EMLA) 5% cream (AstraZeneca,
Seoul, Korea) was applied on the skin to reduce pain

when first securing a venous route and then when a
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venous route was secured during the procedure to
successfully complete the treatment [32].

Paradoxical reactions to midazolam are the main cause
of intravenous sedation failure: these reactions include
hostility, anger, violence, agitation, restlessness, and
violent behavior [24,33]. The incidence rate of para-
doxical reactions to midazolam varies from about 10.2%
to 29%, and is reported to occur mainly in children and
elderly people [20]. In this study, crying was observed
in 10 patients (12.3%). Ten of 12 patients who snored
were found to have a history of rhinitis. The observed
adverse effects occurred during the entire treatment
procedure, so we could not determine if all of them were
associated with midazolam administration. However, it
will be necessary to investigate correlations between the
agent and adverse effects through further related studies.

In this study, body weight was found to have the
highest correlation with chloral hydrate. For sedating
patients, oral administration was the main treatment
method, which conforms with the purpose of intravenous
midazolam administration as an adjuvant option.

Hydroxyzine dosage and N,O/O, time were found to
have significant effects on midazolam administration. In
this study, hydroxyzine was used to manage the syner-
gistic effects of agents, nausea, and vomiting [34]. As
the dosage of hydroxyzine is increased for patients with
a tendency for vomiting or high anxiety levels, the dosage
of midazolam can be increased at the same time. Studies
about the effects of hydroxyzine dosage on midazolam
administration are still lacking, so more studies need to
be conducted. N>O/O, time was prolonged as midazolam
was increasingly and additionally administered to main-
tain the desired depth of sedation. As the difficulty of
supernumerary teeth extraction increases, the time
required for the related surgery may become longer.
Therefore, to increase the time available for the treatment
procedure, additional midazolam administration and a
prolonged N>O/O, time will be required. The explanatory
power of the analysis was found to be 24.2%, so there
are limitations to this interpretation. Furthermore,

research on the exact procedure time and dosage of the
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agents is lacking, so related studies need to be conducted.
The currently recommended mean dosage of
midazolam for intravenous sedation is 0.05 mg/kg to 0.1
mg/kg [31]. In this study, the depth of sedation was
adjusted while midazolam was administered intra-
venously at a dose of 0.13 mg/kg to 0.15 mg/kg range;
midazolam was titrated based on its elimination half-life,
which is considered to be within the standard allowable
dosage. Even though oral midazolam as an oral syrup
preparation (Versed Syrup, Roche Laboratories, Inc.,
Nutley, USA) is available, it is not commercially
available in South Korea; therefore, attempts have been
made to administer intravenous midazolam with sugar
syrup [35]. A study reported that when midazolam is
given orally, the dose should be approximately 2 to 3
times higher than the intravenous dose [30]; thus, the
administration of midazolam via the intravenous route,
which enables titration, is thought to be safer.
Continuous efforts are required to enhance quality for
safer sedation. Sedation requires intensive monitoring for
early signs of hypoventilation or respiratory depression
in children, and because respiratory depression is
associated with midazolam dosage, the standard dosage
should be administered [35,36]. The personnel respon-
sible for sedation as well as the sedation inspector at Ajou
University Hospital are required to complete sedation
training as well as cardiopulmonary resuscitation training
every 2 years, which is consistent with the essential
medical practitioner requirements for conducting se-
dation. Various agents were administered to the subjects
of this study, making it difficult to distinguish the
characteristics of a particular agent. In-depth studies of
agents compared with a control group are necessary.
Because midazolam can induce deep sedation in patients,
the safety and efficacy of the agent should be investigated
at every treatment phase and every administration by
means of various monitoring devices. Training for coping
with complications is also needed. After dental treatment,
patient and parent/guardian satisfaction with sedation
should be surveyed and the patients’ psychological state

analyzed. When the scope of sedation using intravenous
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midazolam in combination with oral and inhalation
sedation is expanded to other dental treatment areas, we
believe that it may provide patients with a high-quality

treatment option and scope.

CONCLUSION

In this study, we analyzed the concomitant admini-
stration of oral and inhalation sedation along with
intravenous sedation in 81 patients 4 to 11 years of age
who underwent maxillary mesiodens removal. Chloral
hydrate and hydroxyzine were administered as oral
sedative agents, and midazolam was used as an intra-
venous sedative agent. The mean dosage of intravenous
midazolam was 3.30 + 1.34 mg (0.14 + 0.06 mg/kg), and
it was administered a mean of 2.38 + 0.97 times. The
mean N>O/O; time was 40.0 + 2.1 min. Hydroxyzine
dosage and N>O/O, time were found to significantly
affect midazolam administration. Complications were
observed in 24 subjects (29.6%), and all mesiodentes
were successfully removed.

Intravenous sedation with midazolam can be used as
an alternative to general anesthesia during mesiodens
extraction and can also be used during treatment for
dental caries. Because the intravenous route induces deep
sedation, protocols for appropriate patient selection and
monitoring as well as training on how to deal with
complications are needed. Further studies investigating
the optimal intravenous midazolam dosage for sedation

in pediatric patients are necessary.
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