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Abstract

One of the most widely used options for minimal/moderate sedation in pediatric
patients is oral midazolam, as it presents an alternative to less well-accepted routes
of administration (eg, intravenous or intranasal) of this well-known efficacious and
well-tolerated short-acting benzodiazepine. A systematic review of the literature was
conducted in order to identify clinical studies evaluating the effectiveness of oral
midazolam for sedation in pediatric patients in the context of premedication before
anesthesia or during diagnostic/treatment procedures. The percentage of respond-
ers (response rate) after single administration of oral midazolam was evaluated and
compared versus placebo in a subset of placebo-controlled studies. The range of oral
midazolam doses providing effective sedation in the different pediatric age subsets
was analyzed in order to assess optimum dosing strategies. A total of 25 pediatric clini-
cal studies, utilizing a variety of measures of sedation effectiveness, were selected.
These studies included a total of 1472 patients (aged 4 months-18 years) treated with
midazolam (0.25-1.5 mg/kg) and 138 patients treated with placebo. The response rates
[95% confidence interval] with oral midazolam ranged from 36.7% [21.6%, 54.9%)] to
97.8% [86.1%, 99.7%], while with placebo response rates ranged from 4.0% [0.6%,
23.5%] to 41.0% [29.4%, 53.6%]. When considering the 4 placebo-controlled studies,
the odds ratios [95% confidence interval] for the comparison of midazolam vs. placebo
ranged from 13.4 [5.0, 36.0] to 25.9 [6.7, 100.6]. The analysis of subgroups by con-
text of sedation showed response rates [95% confidence interval] with oral midazolam
ranging from 36.7% [21.6%, 54.9%)] to 97.0% [94.8%, 98.3%] for anesthetic premedica-
tion and from 56.1% [43.1%, 68.4] to 97.8% [86.1%, 99.7%] for medical procedures.
The efficacy of midazolam for pediatric minimal/moderate sedation from a dose of
0.25 mg/kg and above was demonstrated. The probability of occurrence of adverse

events and over-sedation increases with increasing doses.
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1 | INTRODUCTION
It is estimated that more than 50% of children could benefit from
minimal to moderate sedation during perioperative or procedural
periods to treat or prevent behavioral stress and anxiety, caused by
separation from their families, the presence of an unfamiliar environ-
ment, or fear of pain.l'4

The objective of minimal/moderate sedation is to enable the ac-
complishment of a scheduled intervention with a child who is calm,
in order to prevent psychological distress prior to or during the inter-
vention, to avoid poor compliance or cancelation, and any potential
negative impact on postoperative recovery or other possible long-
term psychological consequences.*®

Midazolam has a very long track record of use for minimal and
moderate sedation and remains the most commonly used oral sed-
ative for anxiolysis in children. A recent Cochrane review evalu-
ated midazolam for sedation before procedures and discussed
data about the effectiveness of midazolam in adults and pediatric

patients (by any route) in comparison with other medications using
different outcome measures.” Among the drugs used for moderate
sedation, oral midazolam offers the advantage of being an effica-
cious, short-acting benzodiazepine, with anxiolytic, sedative, and
hypnotic properties, with a favorable benefit/risk ratio.® Since the
late 1980s, a number of clinical trials have been published eval-
uating the efficacy of oral midazolam for sedation in children;
hence, a large volume of information relating to oral midazolam
as a sedative in pediatric patients is available. There is, however,
a broad range of oral doses used in pediatric patients for minimal/
moderate sedation, and the optimum dosing in different contexts
of sedation remains unclear.

The major aims of the present review were to summarize and
analyze the available literature data related to minimal/moderate se-
dation with oral midazolam in pediatric patients, both prior to anes-
thesia and during minor procedures, and to evaluate oral midazolam
doses providing effective minimal or moderate sedation in different
pediatric age subsets and contexts of sedation.
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TABLE 1 Number of selected studies (number of patients)
according to different classification criteria

Oral midazolam Placebo

Overall 25 (1472) 4(138)
Blinding

Open 5(310)

Blind observer 4 (161)

Double-blind 16 (1001) 4(138)
Context of sedation

Anesthetic premedication 19 (1246) 3(106)

Medical procedures 6(226) 1(32)
ASA status

ASA I-11 19 (710) 4(138)

ASA -1l 2(482)

ASA = I 2(199)

ASA UNK 2(81)
Dose

0.25 mg/kg? 5(236)

0.5 mg/kg 22 (811)

0.75 mg/kg 3(55)

1.0 mg/kg 5(234)

1.5 mg/kg 1(136)
Form

Preparation 21 (810)

Oral syrup 5(614)

IV form 1(48)
Type of success criterion

A 12 (1020) 3(113)

B 11 (377)

C 2(75) 1(25)

Abbreviations: A, nonrestrictive success criterion; B, restrictive success
criterion; C, criterion based on the OAA/S score; IV, intravenous; UNK,
unknown.

Includes 0.25-0.3 mg/kg doses.

2 | RESEARCH STRATEGY

2.1 | Literature search

A systematic review of the literature was conducted in order to
identify clinical studies evaluating the use of oral midazolam in
pediatric patients in the context either of premedication before
anesthesia for surgical procedures or during diagnostic or treat-
ment procedures. Articles were identified from electronic re-
sources including PubMed and ScienceDirect (eg, MEDLINE search
("midazolam"[MeSH Terms] OR "midazolam"[All Fields]) AND
“sedation”[All Fields] AND ("child"[MeSH Terms] OR "child"[All
Fields] OR "children"[All Fields]) AND ("pediatrics"[MeSH Terms]
OR "pediatrics"[All Fields] OR "pediatric"[All Fields])) and by manual
searches from further evaluation of key review articles and bib-
liographies of articles. All studies published or in press between

January 1988 and March 2016, and written in English, were

considered.

2.2 | Study selection and outcomes

Only randomized studies that assessed the efficacy of midazolam
as a sole medication using evaluation scales related to minimal/
moderate sedation, and where the effectiveness of oral midazolam
for sedation in terms of number of responders with respect to the
number of treated children (generally within 30-45 minutes post-
administration, and up to 1 hour) was reported, were considered.
All studies evaluating moderate sedation using discrete sedation
scales were selected.

The outcome used for comparison purposes was the proportion
of patients considered adequately sedated for the specific inter-
vention (response rate), as detailed in each study. Studies that used
placebo, other drugs, different oral midazolam doses, different oral
midazolam preparations, or other routes of administration as com-
parators were acceptable. Information about comparators used in
the different studies was extracted. Observations regarding vital

signs and reported adverse events were summarized.

2.3 | Classification of literature data and
statistical methods

As shown in Figure 1, the initial search strategy identified 1661
records. A total of 100 articles were assessed for eligibility by
full-text assessment by at least 2 reviewers. The 25 articles se-
lected for inclusion in the review involve a total of 1610 patients,
aged from 4 months to 18 years old; 1472 patients were treated
with a single oral midazolam dose between 0.25 and 1.5 mg/kg,
with a maximum dose of 20 mg used most frequently (40 mg in
one of the studies),” and 138 patients were treated with placebo
(Table 1).

A summary description of the individual clinical efficacy studies
for both contexts of sedation, including efficacy results per treatment
(midazolam and placebo) and dose, is shown in Table 2. The data from
the literature were tabulated, indicating the number of subjects, num-
ber of responders, and response rates per treatment. Whenever seda-
tion levels only were indicated or different time points were presented,
the sedation success criterion was defined as indicated in Table 2.

Theresponserates (95% Cl) and odds ratios (OR, 95% Cl) were cal-
culated for the individual studies and depicted graphically. Statistical

analyses were carried out using SAS v 9.4 under PC windows.

3 | DISCUSSION

The relevant literature on the use of midazolam in minimal/moderate
sedation for children was reviewed. Variability in the assessment of
sedation was observed between studies. However, there was a clear
superiority of midazolam when compared to placebo in the range of
doses evaluated.
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3.1 | Evaluation of effectiveness

Sedation was measured using a variety of discrete sedation scales,
with a sedation success criterion defined for each study. The scales
used in the studies for the evaluation of sedation in the present re-
view were mainly 3- to 5-point scales, and two studies were identi-
fied that utilized the Observer's Assessment of Alertness/Sedation
(OAA/S) scale. It was, however, not possible to find a group of stud-
ies with perfectly consistent and relevant success criteria. Also, it
was noted that the sedation levels “drowsy” or “awake but calm”
could have slightly different meanings depending on the studies
and that there could be a level of overlap of terminology between
studies. The difficulty in finding a homogeneous group of studies
in terms of sedation outcomes, together with the low quality of evi-
dence of most of the studies (study limitations, imprecision, and risk
of bias), precluded a meta-analysis with a direct comparison of the
effectiveness of midazolam at various doses, despite the amount of
available data.

Nevertheless, the objective of this review was to report the
data collected on the experience with oral midazolam in producing
effective minimal/moderate sedation, and, as such, the different
assessment methods were described as part of the reporting of re-
sults. However, conclusions could only be drawn from the results of
individual studies. The difficulty in comparing the results from the
different studies highlights the need to use validated scales for the
evaluation of sedation.

The review of the selected articles indicated that three types
of studies could be distinguished, according to the type of success
criterion: (a) those using nonrestrictive criteria (ie, including awake/
calm children as responders); (b) those using more restrictive cri-
teria (ie, requiring at least drowsiness for a successful response);
and (c) those using a criterion based on a sedation threshold using
a validated scale, the Observer's Assessment of Alertness/Sedation
(OAA/S) scale (ie, effective sedation defined as a score of 17 or less
in the 20-point scale).’ As expected, it was observed that the re-
sponse rates tended to decrease when the type of success criterion
became more restrictive (see Table 2).

The most restrictive criterion used the OAA/S scale, specifically
designed to evaluate drug-induced sedation with benzodiazepines.
The OAA/S scale was methodologically validated and evaluated for
its reliability with midazolam in healthy adult subjects and has shown
a high discriminatory power and a high sensitivity, using its compos-
ite score or sum score.!! Correlation was shown between OAA/S
and other commonly used scales.*?

The 3- to 5-point scales are commonly used in current medical
practice where frequent monitoring is required. Compared to the
OAA/S scale, these scales can be rated more quickly (single global
clinical assessment), and the rating can be more easily repeated in a
short period of time (eg, every 10 minutes during a 45 minutes pe-
riod) to evaluate the evolution of sedation from midazolam admin-
istration up to the start of the procedure or anesthesia induction.
Rating is more subjective with 3- to 5-point scales, and the OAA/S

scale is more reliable for measuring sedation in clinical studies;'!

however, only two studies were found using the OAA/S scale for
the evaluation of sedation oral midazolam and fulfilling the selection
criteria.’o3

The variability of the rating scales used clearly contributes
to the heterogeneity in the response rates observed in the dif-
ferent studies. The observed heterogeneity could be further ex-
plained by the context of sedation, and the age of the patients
and the dose, but other elements of the design or the method-
ologies used in the different studies (eg, time of evaluation of
sedation) and population characteristics (eg, their ASA status
and the presence of heart disease), could also contribute to this
heterogeneity.

3.2 | Effectiveness in different contexts of sedation

A total of 19 trials (N = 1352) reported response rates in the con-
text of anesthetic premedication (including 3 placebo-controlled
studies) and only 6 trials (N = 258) reported response rates in the
context of medical procedures (including 1 placebo-controlled
study). The studies presented high variability, with response rates
[95% confidence interval] in anesthetic premedication ranging
from 36.7% [21.6%, 54.9%] to 97.0% [94.8%, 98.3%] and from
56.1% [43.1%-68.4] to 97.8% [86.1%, 99.7%] in medical procedures
(Figure 2).

Although it could be argued that different sedation criteria
should be used between premedication and sedation before pro-
cedures, the reality of the studies was that differences observed
in sedation scales or success criteria were not associated with the
context of sedation (there were studies with nonrestrictive and
more restrictive success criteria both for medical procedures and
for premedication before anesthesia). There was no apparent
difference in terms of response rates between both contexts of
sedation.

Only six of the studies fulfilled the selection criteria for sedation
before procedures, and therefore, limited information could be gath-
ered from studies performed in this indication. The effectiveness of
midazolam in children undergoing procedures, such as dental treat-

ment, has already been reported in a previous review.'*

3.3 | Midazolam vs placebo

Only 4 trials compared midazolam (N = 176) to placebo (N = 138).
The number of responders with midazolam and with placebo in the
individual studies is shown in Figure 3. The response rates estimated
ranged from 36.7% [21.6%, 58.9%] to 97.8% [86.1%, 99.7%] with oral
midazolam and from 4.0% [0.6%, 23.5%] to 41.0% [29.4%, 53.6%]
with placebo.

The “placebo-effect” observed may be explained by the fact that
calm children were considered as responders in most of the placebo-
controlled studies, regardless of their level of nervousness at base-
line. Indeed, epidemiological data suggest that while 60% of children
are anxious prior to undergoing surgery or a medical procedure, the
rest may remain calm before an intervention.*
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Doses Response rate (%)
(mg/kg) n/N (95% CI)
Anesthetic premedication
Alderson and Lerman 19942” 0.5 19/20 —0— 95.0(71.8, 99.3)
Brosius and Bannister 2002'° 0.3 10/ 25 © 40.0 (23.0, 59.7)
Brosius and Bannister 20033 0.5 39/ 50 —O0— 78.0 (64.5, 87.4)
Coté et al 20028 0.25-1.0 385/397 © 97.0 (94.8, 98.3)
Damle et al 2008%° 0.5 9/10 0— 90.0 (53.3, 98.6)
Darlong et al 200428 0.5 16/ 24 © 66.7 (46.1, 82.4)
Darlong et al 201133 0.5 12/29 0 41.4 (25.2, 59.6)
Debnath and Pande 20032¢ 0.5 11/30 —_— 36.7 (21.6, 54.9)
Funk et al 2000%° 0.5 22/ 38 —_— o 57.9 (41.9, 72.4)
Ghai et al 2005* 0.5 46/ 48 —=o0- 95.8 (84.8, 99.0)
Kogan et al 20022 0.5 23/29 —o— 79.3 (61.0, 90.4)
Levine et al 1993 0.5 27/ 30 ——0— 90.0(73.2,96.7)
Levine et al 1993b% 0.75 11/15 O 73.3 (46.7, 89.6)
Liacuras et al 1998 0.5 56/ 62 —o0—  90.3(80.1, 95.6)
Marshall et al 2000° 0.25-1.0 69/ 85 —0— 81.2 (71.5, 88.1)
Masue et al 200322 0.5-1.5 148/184 —0— 80.4 (74.1, 85.5)
McMillan 199216 0.5-1.0 44/ 60 —0— 73.3 (60.8, 83.0)
Sheta and AlSarheed 2009*' 0.5-1.0 45/ 60 —o0— 75.0 (62.6, 84.3)
Talon et al 2009%° 0.5 41/50 —o— 82.0 (68.9, 90.4)

Medical procedures

Jain et al 2010" 0.5 24 /29 — 82.8 (64.7, 92.6)
Klein et al 2011 0.5 32/ 57 — 00— 56.1 (43.1, 68.4)
Shapira et al 2004 0.5 23/28 - o— 82.1 (63.6, 92.4)
Silver et al 1994 0.3-0.5 21/ 31 e 67.7 (49.7, 81.7)
Wilson et al 2002% 0.5 45/ 46 —©0 97.8(86.1, 99.7)
Wilson et al 2006%” 0.3 32/35 —o0— 91.4(76.6,97.2)

! ! ! ! ! 1

0 20 40 60 80 100

Response rate (%)

FIGURE 2 Response rates (95% Cl) in the different contexts of sedation in pediatric patients receiving oral midazolam. n: number of
responders, N, number of subjects

Midazolam Placebo
n/N n/N OR (95% ClI)
Anesthetic premedication
Brosius and Bannister 2002'° 10/25 1/25 : o 16.0 (1.9, 138.0)
1
Liacuras et al 1998 56 /62 25/ 61 E —O0— 13.4 (5.0, 36.0)
1
McMillan 19921 44 / 60 3/20 ' —_—o— 15.6 (4.0, 60.4)
Medical procedures :
Jain et al 20107 24 /29 5/32 . — 25.9 (6.7, 100.6)
I | T 1
0.1 1 10 100

OR (95% ClI)

FIGURE 3 Number of responders with midazolam and placebo and OR (95% ClI) calculated for the studies comparing midazolam
vs placebo in the different contexts of sedation. n, number of responders, N, number of subjects
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The OR [95% CI] ranged from 13.4 [5.0, 36.0] to 16.5 [1.9,
138.0]) for studies in premedication before anesthesia.’%1>16 The
OR obtained for the single placebo-controlled study in procedural
sedation'” was 25.9 [6.7, 100.6] (Figure 3). Despite the observed
heterogeneity, all the individual ORs estimated were clearly in favor
of a statistically significantly superior response rate with midazolam

when compared to placebo.

3.4 | Comparison of midazolam doses

The dose most frequently used in the trials, irrespective of the con-
text of sedation, was 0.5 mg/kg. Among all trials, 5 reported re-
sponse rates at 0.25-0.3 mg/kg (N = 236), 22 at 0.5 mg/kg (N = 811),
3at0.75 mg/kg (N = 55), 5 at 1.0 mg/kg (N = 234), and 1 at 1.5 mg/
kg (N = 136). Six of the trials presented dose comparisons. In most
cases, statistically significantly higher response rates were shown at
doses of 1.0 or 1.5 mg/kg as compared to doses of 0.25 or 0.5 mg/
kg. However, no statistically significant differences were shown be-
tween 0.25 and 0.5 mg/kg doses or between 0.75 and 1.0 mg/kg
doses.

Some reports conclude that small doses of midazolam
(0.25-0.5 mg/kg) are highly effective and that little advantage is
gained by increasing the dose (0.75-1.5 mg/kg). Among them is a
very well-designed study that enrolled 397 patients and used a 5-
point scale to demonstrate satisfactory sedation at 3 midazolam
doses (0.25, 0.5 and 1.0 mg/kg), where response rates of 93.2%
(123/132), 97.7% (129/132), and 100% (133/133), respectively, were
observed.!® Two out of the six studies that evaluated different doses
did not observe a dose-response trend and obtained higher response
rates at low doses than at high doses.¢*?

In noncooperative children, midazolam was shown to be effi-
cacious for dental procedures, both when used as premedication

)20,21

before general anesthesia (0.5-1.0 mg/kg and for sedation

(0.3-0.5 mg/kg).1*?2

3.5 | Effectiveness considering different age groups

The age of the patients included in the different studies is shown in
Table 2. The age groups considered in the studies were generally not
in agreement with standard ICH pediatric classification, precluding
comparison between studies.

When assessed individually, the single study (N = 397) evalu-
ating the efficacy of midazolam in different age groups indicated
that, although more children in the youngest group were agitated at
baseline, the response rates with midazolam according to sedation
criteria were not significantly different across ages, with overall re-
sponse rates of 97, 96, and 98% for children 6 months to <2 years, 2

to <6 years, and 6 to <16 years, respectively.'®

3.6 | Safety

Descriptive and/or quantitative safety information from the se-
lected studies has been summarized in Table 2. The main adverse

events observed were paradoxical reactions, nausea and vomiting
and respiratory events. According to the available safety data from
the studies, higher midazolam doses generally resulted in a higher
incidence of adverse events and of cases of over-sedation (particu-
larly 1-1.5 mg/kg doses). It has been shown that doses of midazolam
higher than 0.5 mg/kg may be associated with increased levels of
adverse events such as loss of balance and head control, dysphoria
and blurred vision, hypotension, respiratory depression, dysphoric

reactions, and ataxia”'®*®

and lead to a higher incidence of deep se-
dation.'®%123 Cases of deep sedation with an oral dose of 0.5 mg/kg
have also been reported.?*

It was noted that some of the adverse events reported are ob-
served when oral midazolam is used in combination with other drugs
(following induction of anesthesia, or after administration of treat-
ments used for local anesthesia, or other medications required for
the respective interventions) and can therefore not be attributed to

midazolam treatment exclusively.

3.7 | Oral midazolam products used

Some of the studies were performed using commercial oral syr-
ups of midazolam (five studies, N = 614), but the majority used
liquid extemporaneous preparations made from existing paren-
teral formulations, generally mixed with syrups or flavorings to
improve palatability (21 studies, N = 810). Unfortunately, these
extemporaneous preparations suffer from a lack of standardiza-
tion, particularly with regard to pH, concentration, and ingredi-
ents. In one of the studies,?* the parental form was administered
by the oral route without preparation (N = 48). Considering the
high solubility and absorption of midazolam, provided there is ad-
equate solubilization of midazolam in the preparation, these dif-
ferent liquid forms cannot be considered to be different in terms
of bioavailability,25 as the limiting factor for midazolam is first-
pass metabolism.

3.8 | Other comparators

Certain studies used other drugs (ketamine, dexmedetomidine,
pentobarbitone, hydroxyzine, nitrous oxide, alone or in combina-
tion with midazolam or with other medications) as comparators
(12 studies, N = 392 treated with midazolam, N = 417 treated with
other drugs), and others compared oral midazolam with alterna-
tive routes of administration (2 studies, N = 86 treated with mi-
dazolam, N = 194 treated by other routes of administration), as
summarized in Table 2.

Among the studies reviewed, some compared oral midazolam
0.5 mg/kg to oral ketamine 5-6 mg/kg and demonstrated that both
presented similar efficacy.??’ However, ketamine is characterized
by undesirable effects, such as excessive salivation, emesis, vertigo,

28.29 and midazolam has been reported to afford

20,26,27

and hallucinations,
shorter recovery times than ketamine.
One of the studies indicated that midazolam 0.5 mg/kg and

intranasal administration of dexmedetomidine 2 pg/kg were



MANSO ET AL.

comparable in terms of response rates, although intranasal dexme-
detomidine could be more useful when the intervention requires
sleep induction.®®

When compared to other alternative noninvasive routes, midaz-
olam (0.5 mg/kg) administered orally produced equivalent response
rates as rectal (0.5 mg/kg), intranasal (0.3 mg/kg), and sublingual
(0.3 mg/kg) midazolam. Intranasal presented the most rapid onset of
action but was less well-tolerated.3*%?
Most of these alternative medications are used off-label in

children.

4 | CONCLUSION

Oral midazolam is an efficacious medication with an adequate safety
profile for use in minimal or moderate sedation in children from
4 months to 18 years old at doses from 0.25 to 1.5 mg/kg. The inci-
dence of adverse events, such as paradoxical reactions and respira-
tory events, and the risk of over-sedation increase with increasing
doses. Oral midazolam compares well with other alternative nonin-
vasive medications. The need to use validated scales for the evalua-

tion of sedation in future studies is highlighted.
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