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Considerations for submucosal midazolam 
administration in combination with oral and inhaled 
medications for sedation of pediatric dental patients
Kwangwoo Baek

Department of Dentistry, Ajou University School of Medicine

Sedation allows patients to maintain their airway independently and respond appropriately to physical stimulation 
and verbal command while maintaining a minimum depressed level of consciousness. Drugs commonly used 
for sedation of pediatric dental patients include a combination of chloral hydrate, hydroxyzine, and nitrous 
oxide–oxygen. Midazolam is a benzodiazepine and currently one of the most commonly used intravenous sedative 
agents. It can be easily titrated to provide a wide range of sedation, from conscious sedation to deep sedation, 
and exhibits a wide safety margin without severe respiratory and circulatory depression. At an appropriate dose, 
it also decreases patient anxiety and induces amnesia. We found that the submucosal administration of midazolam 
combined with chloral hydrate provided increased sedative effects and decreased the postoperative vomiting 
response compared with conventional chloral hydrate administration, with no significant difference in physiological 
responses. The depth of sedation can be titrated using this technique.
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INTRODUCTION

  With an increase in measures to maintain pediatric 
health because of the observed population decline in 
recent years, the use of sedation for pharmacological 
behavior control in children who fear dental treatment is 
increasing [1]. Wilson and McTigue estimated that 10%–
20% of the total pediatric patient population required 
sedation. Children exhibit increased anxiety or fear 
toward dental treatment compared with adults, often 
making it impossible to treat them [2]. Pediatric patient 
compliance during treatment can directly impact the 
outcomes; therefore, behavior control is critical. Oppre-
ssive physical restraints or hand-over-mouth exercise 
(HOME) is gradually losing its validity [3]. Sedation can 
relieve patient stress and induce a minimized state of 

anxiety and fear, thus providing comfort and safety for 
the patient and enabling dentists to perform dental 
treatment smoothly [4]. Commonly used drugs used for 
pediatric sedation include chloral hydrate (CH), hydroxy-
zine (H), and nitrous oxide–oxygen (N), although the 
success rates vary and remain uncertain. Recently, 
submucosal administration of midazolam (M) along with 
the oral administration of CH was introduced; several 
related papers have been published in Korea and are 
summarized in this paper.

1. Chloral hydrate, Hydroxyzine, and Nitrous oxide–
oxygen

  Sedation allows patients to maintain an airway inde-
pendently and respond appropriately to physical stimula-
tion and verbal command while maintaining a minimum 
depressed level of consciousness [5]. For the purpose of 
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relieving anxiety, minimal sedation or moderate sedation 
is employed. In precooperative children under 3 years of 
age or children who stubbornly refuse treatment, deep 
sedation is used. In addition, if it is impossible to 
administer normal treatment to children with physical or 
mental disabilities, an appropriate level of sedation can 
be used depending on the level of patient compliance [6].
A study surveying 573 members of the Korean Society 
of Pediatric Dentistry reported that 66% respondents used 
sedation in their practice, with commonly used drugs 
including a combination of CH, H, and N (CH-H-N) [1]. 
Several studies have evaluated and proven the safety and 
sedative effects of CH [7]. Furthermore, it was reported 
that H had antiemetic effects and that its administration 
in combination with CH resulted in increased sedative 
effects [8]. The addition of N further enhanced the 
sedative effects [9].
  The sedation success rates with different doses of CH 
reportedly vary from 18% to 90%, and in most cases with 
low success rates, a small dose of CH was used [7]. 
Although the CH dose is incrementally increased to 
achieve an appropriate sedation level, the resulting 
potential side effects such as vomiting and nausea cannot 
be ruled out. Therefore, many studies evaluated combina-
tions of drugs rather than incremented doses of CH only 
[10-12]. In addition, the oral administration of CH is 
limited by its reliability on patient compliance, a long 
latency period following administration, irregular and 
incomplete absorption from the gastrointestinal tract, and 
the inability to titrate [13].

2. Midazolam

  Benzodiazepines are one of the most commonly used 
intravenous sedative agents. They can be easily titrated 
to provide a wide range of sedation, from conscious 
sedation to deep sedation, have wide safety margins, and 
carry a low risk of severe respiratory and circulatory 
depression. Furthermore, an appropriate dose can de-
crease patient anxiety and additionally induce amnesia. 
Evident anterograde amnesic effects are induced by 
intravenous administration, not by other routes of 

administration. Introduced in clinical practice in the 
1980s, M is a benzodiazepine with a short recovery time 
because it is water soluble and consequently does not 
form active metabolites [10,14-16].
  M provides increased anxiolytic, sedative, and muscle 
relaxing effects, with a rapid onset and short duration of 
action because of its high water solubility. It induces the 
minimum levels of respiratory and cardiovascular depre-
ssion and does not increase the local anesthetic level in 
the plasma. The duration of action is shorter than that 
of meperidine, and unlike CH, it results in anterograde 
amnesia [17].
  Various studies on M alone or in combination with 
other drugs have been conducted, and studies evaluating 
its sedative effects through different routes of 
administration are also under way [10,14-16].
  Alfonzo-Echeverri et al. [18] indicated that the action 
pathway and pharmacodynamics of submucosal M 
injection were similar to those of intramuscular injection. 
The peak absorption is achieved at 10 min with the former 
and 20 min with the latter, although there are individual 
differences and oral submucosal administration can cause 
pain [18].

3. Submucosal administration of midazolam with oral 

chloral hydrate and hydroxyzine and inhaled nitrous 

oxide–oxygen

  Recently, submucosal administration of M following 
oral administration of CH and H was suggested as an 
effective alternative to induce sedation during dental 
treatment of pediatric patients [11]. In cases where dental 
treatment becomes impossible because of the shallow 
depth of sedation induced by oral medication, additional 
submucosal M injection can deepen the depth of sedation. 
Because M is submucosally administered in a state of 
partial sedation induced by oral medication, it does not 
create any additional fear of needle insertion, may not 
require patient compliance, and is not a difficult method 
for dentists, considering it is similar to infiltration [19]. 
Furthermore, submucosal administration should be em-
ployed after injection of a small amount of local anes-
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CHa group CH-Mb group P-value

Sleep
Crying

Movement

49.3 ± 10.9
50.9 ± 14.1
48.1 ± 15.3

58.1 ± 3.6
58.1 ± 3.1
57.4 ± 3.3

0.008**

0.077
0.036*

mean ± standard deviation
CHa: CH-H-N2O, CH-Mb: CH-H-N2O-M
*P < 0.05, **P < 0.01

Table 1. Comparison of Houpt’s Scale scores between the CH group and CH-M group in a previous study [24]

CHa group CH-Mb group P-value

Overall behavior succes 0.47 ± 0.50 0.81 ± 0.39 0.004*

mean ± standard deviation
CHa CH-H-N2O, CH-Mb: CH-H-N2O-M
*P < 0.01.

Table 2. Comparison of the overall behavior score between the CH group and CH-M group in a previous study [24]

thetic without a vasoconstrictor, because vasoconstrictors 
included in anesthetics may delay the absorption of 
sedative agents; likewise, sedative agents may interfere 
with the effects of local anesthetics [11].
  The mechanism of action of submucosal M is reporte-
dly similar to intramuscular injection in terms of phar-
macodynamics, with a slightly faster onset of action [20], 
generally within 15 min [21]. This rapid onset and short 
duration of action allows increase or decrease of the 
concentration, which is important for titration [22].
  Myers et al. [11] suggested in 2004 that the combina-
tion of submucosal M with oral CH administration and 
N inhalation was an effective alternative to intravenous 
injection for sedation, with enhanced sedation and no 
substantial differences in physiological responses. Fur-
thermore, in patients aged 2–5 years who received oral 
CH and submucosal M, the mean heart rate, respiratory 
rate, and blood pressure were reported to be within the 
normal ranges [11]. In another study comparing a group 
that received oral CH and H (CH-H group) with a group 
that received buccal submucosal M in addition to oral 
CH and H (CH-H-M group), the latter exhibited an en-
hanced sedative effect and a decreased vomiting response 
[23].
  In another study comparing the clinical safety and 
efficacy of oral CH and H and inhaled N with (CH-M 
group) or without (CH group) submucosal M for con-
scious sedation in pediatric patients, evaluation was 

performed using Houpt’s scale. The overall behavior 
response between groups was compared, with scores of 
4, 5, and 6 indicating successful sedation and scores of 
1, 2, and 3 indicating failed sedation. No significant 
difference was observed in the mean crying score between 
the two groups, while there were significant differences 
in the mean sleep and movement scores between groups. 
The CH-M group exhibited better sleep and fewer 
movements (Table 1). Furthermore, the average score for 
overall behavior revealed better behavior control in the 
CH-M group than in the CH group (Table 2). In 
particular, significant differences were observed for score 
6 (Excellent). Therefore, the addition of submucosal M 
to oral and inhaled medications provided better sedation 
with lesser movements (Fig. 1) [24].
  Another study compared the depth of sedation between 
CH and CH-M groups using the bispectral (BIS) index. 
Pediatric subjects were randomly assigned to receive oral 
CH (60 mg/kg) and H (1 mg/kg) or oral CH (60 mg/kg) 
and H (1 mg/kg) with submucosal M (0.1 mg/kg); 50% 
N was maintained during sedation in both groups. The 
behavior response was evaluated as quiet (Q), crying (C), 
movement (M), or struggling (S) using a behavior scale. 
The distribution of behavior responses during a treatment 
duration of 40 min was determined to reveal 90% G, 7.7% 
M, 0.5% C, and 1.8% S in the CH group and 92.5% 
Q, 3.4% M, 0.9% C, and 1.8% S in the CH-M group. 
Both groups showed the Q response for ≥90% of the 
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Fig. 1. Percentage overall behavior scores in the CH and CH-M groups
in a previous study [24]. 
CH: chloral hydrate + hydroxyzine + nitrous oxide–oxygen; CH-M: CH
+ midazolam.

Fig. 2. Distribution of behavior responses in the CH and CH-M groups 
in a previous study [19].
CH: chloral hydrate + hydroxyzine + nitrous oxide–oxygen; CH-M: CH
+ midazolam.

Fig. 3. Distribution of the bisepctral (BIS) index scores in the CH and
CH-M groups in a previous study [19].

duration. These findings indicated no differences in 
sedative effects between the two groups (Fig. 2).
  The BIS index is a numeral scale grading the sedative 
state on a scale of 0–100, where 0 indicates a state of 
no brain activity, 40–60 indicates a very deep hypnotic 
state, 60–70 indicates a moderate hypnotic state, and 100 
indicates complete awakening. BIS index scores of 80–90, 
60–70, and 90–100 were exhibited by 46%, 20%, and 
27% patients, respectively, in the CH group and 66%, 
9%, and 19% patients, respectively, in the CH-M group. 
The score was mainly distributed between 80 and 90 and 
widely distributed between 60 and 100 in the CH group, 
while it was intensively distributed between 60 and 100 
and rarely distributed within the other ranges (Fig. 3). 
These results indicate that the addition of submucosal M 
to oral and inhaled medications can increase the depth 
and stability of sedation. However, both groups exhibited 
a score of exhibited a score of 50 for a short period of 
time for a short period of time. Because the combination 
involves deep sedation, caution should always be 
exercised, with emphasis on maintaining and monitoring 
a free airway [19].
  In a study evaluating post-sedation behavior responses 
and adverse events in pediatric patients who were sedated 
with submucosal M combined with oral CH and H for 
dental treatment, many children slept after sedation and 
showed abnormal behavior and vomiting, although there 

were no serious adverse events. This indicated the safety 
of additional buccal submucosal M administration [25].
  Another study compared behavior responses and 
sedative effects between intranasal and submucosal M 
administered after oral CH and H. Pediatric patients 
received CH (50 mg/kg) and H (1 mg/kg), and 45 min 
later, one group additionally received intranasal M (0.2 
mg/kg) and the other received buccal submucosal M (0.2 
mg/kg); 50% N was maintained during treatment in both 
groups. There was no significant difference in the mean 
induction time and maximum treatment time between the 
two groups. In addition, the vital signs were within the 
normal ranges, with no significant differences between 
groups [26].
  The rapid onset of action by M means that adverse 
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events or emergency situations can occur rapidly and that 
the combined use of drugs may increase central nervous 
system (CNS) inhibition because of drug interactions, 
leading to a potential risk of hypersedation in which the 
self-defense reflex unexpectedly disappears [27]. When 
used with drugs such as barbiturates or alcohol, M can 
increase CNS inhibition and consequently increase the 
risk of adverse events such as airway obstruction or 
hypoventilation. Furthermore, CH produces trichloroe-
thanol as one of its metabolites, which is similar to alco-
hol. Therefore, the combined use of CH and M may 
increase the potential for respiratory depression, necessi-
tating extreme caution [28]. In addition, in view of the 
fact that submucosal injection shows a different absorp-
tion route and rapid absorption compared with oral 
administration, more detailed attention is necessary [29]. 
Flumazenil, a benzodiazepine antagonist, was introduced 
in 1980s for use in the management of such adverse 
events.
  Flumazenil can reverse hypersedation associated with 
benzodiazepines and decrease amnesic effects. It may be 
administered intramuscularly or submucosally. However, 
the plasma half-life of flumazenil is shorter than 1 h; 
therefore, patients who regain consciousness may fall 
back into a sedative state over time. The use of flumazenil 
is recommended at an initial dose of 0.3–0.5 mg, and the 
total dose for patient recovery to an appropriate level of 
consciousness should not exceed 1 mg [30].

CONCLUSIONS

  The findings of the abovementioned studies suggest 
that M can be easily titrated to provide a wide range of 
sedation, from conscious sedation to deep sedation, has 
wide safety margins, and carries a low risk of severe 
respiratory and circulatory depression. When admini-
stered in increments over time, titration to adjust the depth 
of sedation is possible. The use of an appropriate dose 
can decrease patient anxiety and induce amnesia. In 
particular, submucosal administration facilitates titration 

and rapid absorption. Considering that M is administered 
when the patient is partially sedated with oral medication, 
it does not provide any additional fear of needle insertion 
to pediatric patients. Furthermore, submucosal admini-
stration is easy for dentists. Finally, the postoperative 
vomiting response is decreased and intraoperative phy-
siological responses remain stable.
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