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Abstract
Background: Conventional dental care is often impossible in patients with Autism Spectrum Dis-
order (ASD). Non-collaborative behaviors, sometimes associated with aggressiveness, are usual
justifications for premedication in this population. Thereby, this research focuses on the effects
of oral midazolam versus oral ketamine plus midazolam as preanesthetic medication in ASD.
Methods: The sample included 64 persons with ASD, aged 2˗59 years, scheduled for dental care
under general anesthesia. The primary objective of this study was to compare degrees of seda-
tion between two parallel, double-blinded, equally proportional groups randomized to receive
oral midazolam (0.5 mg.kg�1, maximum 15 mg) or oral midazolam (0.5 mg.kg�1) associated with
oral S(+)-ketamine (3 mg.kg�1, maximum 300 mg). The secondary outcomes were the need of
physical stabilization to obtain intravenous line, awakening time, and occurrence of adverse
events.
Results: According to the dichotomous analysis of sedation level (Ramsay score 1 and 2 versus
Ramsay ≥ 3), oral association of S(+)-ketamine and midazolam improved sedation, with
increased probability of Ramsay ≥ 3, Relative Risk (RR) = 3.2 (95% Confidence Interval [95%
CI] = 1.32 to 7.76) compared to midazolam alone. Combined treatment also made it easier to
obtain venous access without physical stabilization, RR = 2.05 (95% CI = 1.14 to 3.68). There
were no differences between groups regarding awakening time and the occurrence of adverse
events.
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Conclusion: The association of oral S(+)-ketamine with midazolam provides better preanesthetic
sedation rates than midazolam alone and facilitates intravenous line access in patients with
autism.
© 2022 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Anestesiologia.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

In 2016, the United States Centers for Disease Control moni-
toring system estimated the prevalence of Autism Spectrum
Disorder (ASD) at 18.5/1000 children by the age of eight.1

This was 175% higher than the results from 2000 and 10%
higher than the results from 2014 using the same database.
In Northern Ireland, in 201920, the prevalence rate was 4.2%
in school-age children.2 This increased prevalence may be
related to broader diagnostic criteria, public awareness of
ASD and improved diagnostic tools. ASD is defined as persis-
tent deficits in social communication and social interaction
in multiple contexts.3 Due to these traits, persons with ASD
may not cooperate during regular dental care, whether chil-
dren or adults. In a sample of individuals with neurological
disabilities who required general anesthesia for dental
treatment, 30% had ASD.4

Midazolam is the most commonly used drug as preanes-
thetic,5 especially by the oral route, which is better toler-
ated than the nasal or intramuscular routes in non-
cooperative patients. Although not available in oral formula-
tion, parenteral formulation of S(+)-ketamine has been used
as preanesthetic by oral or nasal route,6,7 and more recently
by fogging.8 Despite an obvious and increasing demand, the
literature provides little data on preanesthetic medications
in the autistic population.9 Premedication makes the experi-
ence less unpleasant for the patient and family members,
decreases the possibility of physical stabilization, and facili-
tates multiprofessional management to the individual with
ASD.10

We hypothesized that adding oral S(+)-ketamine to oral
midazolam would lead to a better premedication state,
compared to oral midazolam alone, when administered as
preanesthetic in patients with ASD. Thus, the primary end-
point was to observe the degree of sedation in groups receiv-
ing oral midazolam alone versus oral midazolam plus oral S
(+)-ketamine.
Methods

This study was approved by the ethics committee of Facul-
dade de Medicina da Universidade Estadual Paulista − Cam-
pus de Botucatu (CAAE 65117917.1.3001.5411). The trial
was registered prior to patient enrollment in REBEC (ensaio-
sclinicos.gov.br, code RBR-8ttw3f). This parallel, double-
blind, controlled, randomized clinical trial was conducted
between September 2018 and January 2021 with individuals
who had been previously diagnosed with ASD by a neuropsy-
chiatrist and were referred for dental care under general
anesthesia. At least 15 days before the procedure, the writ-
ten informed consent to participate in the study was pre-
sented to the next of kin of potential participants during the
2

preanesthetic consultation. Direct patient assent was
waived due to their impaired verbal and non-verbal commu-
nication. The research was conducted according to the CON-
SORTstatement.

The primary outcome was the degree of sedation in the
oral midazolam vs the oral midazolam plus oral S(+)-keta-
mine groups. Reaction to peripheral venous access, interfer-
ence in awakening time and occurrence of agitation,
nystagmus, sialorrhea, and postoperative vomiting were sec-
ondary outcomes.

To calculate the sample size, a 50% sedation rate in the
desired range (Ramsay sedation score ≥3) for midazolam
alone was considered, with an absolute increase of 35%
(h = 0.775) for midazolam plus S(+)-ketamine. A total of 27
participants were required in each group for detection
power of 80% and 5% tolerance interval of error. We added
five individuals to each group to compensate for any losses
due attrition. The sample included males and females
between two and 59 years of age, previously diagnosed with
ASD, American Society of Anesthesiologists (ASA) physical
status II, who required preanesthetic medication and were
undergoing general anesthesia for dental assistance at the
Hospital Geral de Goiânia Alberto Rassi, or at the Hospital
Santa Terezinha in Goiânia, GO, Brazil. The non-inclusion
criteria were prediction of difficult airway, renal dysfunc-
tion, heart disease, history of allergy or adverse reaction to
the study drugs. Exclusion criteria after enrollment were
inadequate intake and vomiting after drug administration,
as well as major bleeding during surgery or any other signifi-
cant surgical complication that could interfere in postopera-
tive recovery. The degrees of autism were considered as
stratified by the American Psychiatric Association:
1 = requires support, 2 = requires substantial support,
3 = requires very substantial support.3 The analysis was per-
formed per-protocol to assess the effect of treatment under
ideal conditions.

On the day of the procedure, the head nurse in the inpa-
tient ward received, in writing, the weight adjusted dose for
one or both medications for each individual participant and
administered the premedication according to group deter-
mination. Allocation was performed with opaque envelopes
numbered from 1 to 64, each containing one of the proposed
intervention options (32 envelopes for each group). The
envelopes were then drawn in a random order determined
by a simple randomization process with the aid of specific
software (www.randomization.com). Neither the partici-
pants nor their tutors were aware of the intervention group.

The fasting period was 6 hours for light solid foods and
2 hours for clear liquids. If the participants routinely used
psychotropic medications, their administration was sched-
uled to no less than two hours prior to the surgical proce-
dure. The participants received the designated medication
while in the inpatient ward. In the Midazolam group,
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midazolam dose was 0.5 mg.kg�1 (maximum 15 mg), while in
the Midazolam/Ketamine group, midazolam dose was
0.5 mg.kg�1 (maximum 15 mg) plus S(+)-ketamine dose
3 mg.kg�1 (maximum 300 mg), diluted in the oral midazolam
solution. The formulation of midazolam was in original man-
ufactured formulation syrup with sweet taste (2 mg.mL�1)
and S(+)-ketamine was in parenteral formulation (50 mg.
mL�1), both manufactured by Cristalia� pharmaceutical
industry. The doses were calculated based on actual body
weight within a limit of 15 mg for midazolam and 300 mg for
S(+)-ketamine to avoid major collateral effects in accor-
dance with previously published studies.5,11

Thirty minutes after ingestion, the anesthesiologist, who
was blinded to the allocation group, assessed the degree of
sedation using the Ramsay scale (1: anxious, agitated; 2:
awake, cooperative, calm; 3: asleep, awakens to low auditory
stimulus; 4: asleep, reacts briskly to light glabellar tap or loud
auditory stimulus; 5: asleep, reacts slowly to vigorous painful
stimulus or loud auditory stimulus; 6: asleep, unresponsive to
vigorous painful stimulus or loud auditory stimulus).12 The
sedation level was dichotomized into Ramsay scores 1 and 2
vs. ≥3. The participants were separated from their parents or
tutors at entering in the surgical theater.

In the operating room, the reaction prior to peripheral
venous access was stratified into four degrees (1: pharmaco-
logical intervention; 2: protective physical stabilization; 3:
minimal reaction; 4: no reaction). Pharmacological interven-
tion involved protective physical stabilization plus inhala-
tion of sevoflurane and 100% O2 through a face mask, or
intramuscular administration of ketamine (3 mg.kg�1). Pro-
tective physical stabilization involved careful stabilization
by nursing professionals. Minimal reaction consisted in mini-
mal stabilization only of the limb to be punctured. No reac-
tion represented immobility. The reaction to vascular access
was dichotomized as either with stabilization (score 1 and 2)
or without stabilization (score 3 and 4).

Intraoperative monitoring consisted of continuous elec-
trocardiogram, noninvasive blood pressure, peripheral oxy-
gen saturation, capnometry (EtCO2), and axillary
temperature. Preoxygenation was given for three minutes,
and anesthesia was induced with propofol (3 mg.kg�1), fen-
tanyl (2 mg.kg�1), and cisatracurium besylate (0.15 mg.
kg�1). Trachea was intubated through nasal route and after
waiting for the maximum effect of the neuromuscular
blocker. Mechanical ventilation was initiated according to
the following parameters: tidal volume 6 mL.kg�1 (peak air-
way pressure limited in 30 cm H2O) and age-appropriate
respiratory rate for a target EtCO2 between 35 to 45 mmHg
with a FiO2 of 80% and positive end-expiratory pressure of
5 cm H2O. Anesthesia was maintained with sevoflurane,
within the minimum alveolar concentration of 2%, with
increments of 0.5% based on cardiovascular parameters. If
the required dose of sevoflurane reached 4%, incremental
boluses of fentanyl (1 mg.kg�1) were administered up to a
maximum dose of 5 mg.kg�1. When endodontic treatment
and/or tooth extraction were indicated, local anesthesia
was performed by the surgical team with 2% lidocaine with
vasoconstrictor. During the intraoperative period, the anes-
thesiologist was blinded to the participant’s intervention
group.

At the end of the procedure, metamizole (30 mg.kg�1)
and ondansetron (0.15 mg.kg�1) were administered.
3

Controlled ventilation was continued until there were signs
of swallowing and respiratory movement, at which point
neuromuscular blockade was reversed with atropine
(0.02 mg.kg�1) and neostigmine (0.04 mg.kg�1). The tra-
cheal tube was removed when the neuromuscular blocker
had been completely reversed, with the patient showing
signs of adequate spontaneous ventilation and attempts at
self-extubation. The awakening time was measured in
minutes from the moment that inhalation anesthetic was
interrupted until removal of endotracheal tube. Participants
remained in the postanesthetic care unit until they had
returned to their usual neuropsychological condition with a
score of seven or more on the Aldrete and Kroulik scale.
They were still observed for the occurrence of agitation,
nystagmus, sialorrhea, vomiting, and signs of postoperative
pain. The hospitalization regime planned was ambulatorial.

In the statistical analysis, qualitative variables were
expressed as sample proportions and 95% Confidence
Intervals (95% CI) of the percentage differences and Rela-
tive Risks (RR). For comparison between groups, chi-
square test with Yates correction and Fisher’s exact test
were used when applicable. For quantitative variables,
the Shapiro-Wilk test and histogram analysis were per-
formed to assess the normality of distribution. Since con-
tinuous variables were normally distributed, they were
expressed as mean and standard deviation, and the
groups were compared using an unpaired Student’s t-
test. Differences in awakening time was assessed using
the Kaplan-Meier survival curve; p-values < 0.05 were
considered statistically significant. The analyses were
carried out in the R environment.13
Results

To evaluate and compare the degree of sedation between
midazolam and the combination of midazolam plus S
(+)-ketamine as oral premedication in patients with ASD, a
total of 64 participants were recruited and randomly allo-
cated in two equal groups. Four participants in the combined
treatment group, 6.25% of the total sample, did not ingest
the premedication and were excluded from the study
(Fig. 1).

The groups were similar in terms of patient characteris-
tics, preoperative conditions, and duration of the proce-
dures (Table 1). All participants were considered ASA
physical status II, mainly due to autism. In children and ado-
lescents, obesity was considered a z-BMI score ≥ 2 according
to World Health Organization score curves adjusted for sex
and age group.14,15 In adults, a BMI ≥ 30 was used to diag-
nose obesity.16

Regarding the primary outcome, the degree of sedation
differed between the two groups, with Ramsay score 2 pre-
dominating in the Midazolam group. There was a significant
difference between the groups overall, with p-value = 0.02
(Table 2). Dichotomous analysis of the degree of sedation
(Ramsay score 1 and 2 vs. Ramsay score ≥ 3) showed a signif-
icant difference between groups, as well. In the Midazolam
group, the occurrence of Ramsay score ≥ 3 was 15.6%, while
in the Midazolam/Ketamine group this same score was
observed in 50% of the participants, which bestows a



Figure 1 Clinical trial flow diagram (CONSORT).
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RR = 3.2 (95% CI = 1.32 to 7.76 with p-value = 0.01) for this
degree of sedation.

Venous access was significantly easier in the combined
treatment group (p-value = 0.01), with a higher relative fre-
quency of physical stabilization required in the Midazolam
group (Table 3). Dichotomous evaluation of venous access
revealed that adding S(+)-ketamine to midazolam facilitated
venous access without resorting to restraint (64.2%) when
compared with midazolam alone (31.2%) with a RR = 2.05
(95% CI = 1.14 to 3.68) and p-value = 0.02.

Regarding awakening time, the groups did not differ sig-
nificantly in a time to event analysis as shown in the Kaplan-
Meier curve (Fig. 2). None of the participants in both groups
needed additional boluses of opioids, however about 30% in
each group required minimum alveolar concentration of sev-
oflurane up to 3%, without significant differences between
them (Table 1).

Concerning secondary outcomes in the Midazolam group
and Midazolam/Ketamine group, the respective occurrences
of adverse effects were as follows: agitation 9.3% vs. 7.1%
(RR = 0.76 [95% CI = 0.13 to 4.23] p-value = 0.75), nystagmus
3.1% vs. 0% (RR = 0.37 [95% CI = 0.01 to 8.95] p-value = 0.54),
4

sialorrhea 21.8% vs. 17.8% (RR = 0.81 [95% CI = 0.29 to 2.28]
p-value = 0.69), and vomiting 0% vs. 3.5% (RR = 3.41 [95%
CI = 0.14 to 80.58] p-value = 0.44). None of the participants
required additional analgesia.

All patients from both groups had acquired conditions of
being released from the postanesthetic care unit within 60
minutes, and of hospital discharge within two hours after
leaving the surgical theater.
Discussion

Among the many challenges faced by autistic patients, diffi-
culty in social communication and low adaptability to non-
routine sensory experiences are particularly frequent. Non-
collaborative behaviors and high occurrence of anxiety in
the perioperative period are key justifications for preanes-
thetic medication in this specific population, especially in
those individuals who exhibit aggressive behaviors. It not
only helps all procedures related with anesthetic induction,
but also facilitates amnesia, favoring non-memorization of
triggering events that could lead to worse behaviors in



Table 1 Patients’ characteristics, preoperative conditions, anesthesia duration and minimum alveolar concentration of sevo-
flurane in Midazolam group and Midazolam + Ketamine group (h = 60).

Variable Midazolam group (h = 32) Midazolam + ketamine group (h = 28)

Age (years)a

< 12 years 16 (50%) 11 (39.3%)
12 to 19 years 5 (15.6%) 4 (14.3%)
> 19 years 11 (34.4%) 13 (46.4%)
Malea 25 (78.1%) 20 (71.4%)
Body mass index (kg¢m�2)b 22.0 §6.0 21.8 §5.0
Degree of autisma,c

1 4 (12.5%) 4 (14.3%)
2 12 (37.5%) 9 (32.1%)
3 16 (50%) 15 (53.6%)

Comorbiditiesa

None 8 (25%) 6 (21.5%)
Epilepsy 10 (31.2%) 10 (35.6%)
Obesity 8 (25%) 8 (28.5%)
Other 7 (21.9%) 5 (17.9%)
Medicationsa 24 (75%) 22 (78.5%)
Anticonvulsants 11 (34.4%) 13 (46.4%)
Antipsychotics 20 (62.5%) 15 (53.6%)
Antidepressants 3 (9.4%) 3 (10.7%)
Benzodiazepines 6 (18.8%) 8 (28.6%)
Anesthesia duration (minutes)b 149.5 § 66.0 143.3 § 66.4

Minimum alveolar concentration of sevoflurane
2% 22 (68.7%) 19 (67.8%)
2.5% 5 (15.6%) 3 (10.7%)
3% 5 (15.6%) 6 (21.4%)

a Values expressed in absolute numbers and relative frequency (in parentheses).
b Values expressed as mean and standard deviation.
c Degree of Autism: 1 = requires support; 2 = requires substantial support; 3 = requires very substantial support.

Table 2 Sedation levels in Midazolam group and Midazolam + Ketamine group according to Ramsay scale.

Variable Midazolam group (h = 32) Midazolam + ketamine group
(h = 28)

Difference between
percentages (95% CI of
differences)

pc

Ramsay scalea 0.02
1 6 (18.8%) 5 (17.9%) +0.9% (�18.7 to +20.7)
2 21 (65.6%) 9 (32.1%) +33.5% (+9.6 to +57.4)
3 3 (9.4%) 8 (28.6%) �19.2% (�38.7 to +0.3)
4 2 (6.2%) 2 (7.1%) �0.9% (�13.6 to +11.8)
5 0 4 (14.3%) �14.3%b

a Values expressed in absolute numbers and relative frequency (in parentheses).
b Impossible to calculate the difference between percentages.
c Chi-square test for independence; significance level: p < 0.05
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future interventions. Perioperative management should be
individualized according to clinical manifestations, autism
degree, and associated comorbidities.10

The oral route of premedication seems to be less inva-
sive, nonetheless 6.25% of our sample did not accept the
proposed preanesthetic and showed uncollaborative behav-
iors before even tasting the formula (original manufacturer’s
formulation syrup with sweet taste). Regarding the primary
outcome, 81.2% of the participants in the Midazolam group
and 82.1% in the Midazolam/Ketamine group had a Ramsay
score ≥ 2, which can be interpreted as an anxiolysis state.
5

The low oral bioavailability of S(+)-ketamine, estimated
between 8% and 11%,17,18 may have contributed to the fact
that only 50% of participants in the Midazolam/Ketamine
group presented a Ramsay score ≥3 (drowsy, asleep, or
sedated). Nevertheless, this rate was three times higher
than in the Midazolam group, whose rate was 15.6%.

Our sample characteristics were compatible with previ-
ous studies, which indicate that the incidence of ASD is
approximately three times higher in males than in females.19

Neuropsychologic behaviors in ASD are similar despite age
and merging different age groups in studies with this



Table 3 Comparison of difficulty in obtaining intravenous access between Midazolam group and Midazolam + Ketamine group.

Variable Midazolam group
(h = 32)

Midazolam + ketamine
group (h = 28)

Difference between
percentages (95% CI of
differences)

pb

Ease of obtaininga 0.01
No reaction 1 (3.1%) 7 (25%) �21.9% (�39.0 to +4.7)
Minimal reaction 9 (28.1%) 11 (39.2%) +11.2% (�35.0 to +12.7)
Physical stabilization 19 (59.4%) 5 (17.9%) +41.5% (+19.4 to +63.7)
Pharmacological intervention 3 (9.4%) 5 (17.9%) �8.5% (�25.9 to +8.9)

a Values expressed in absolute numbers and relative frequency (in parentheses).
b Chi-Square test for independence; significance level: p < 0.05

Figure 2 Kaplan-Meier survival analysis for wake-up time in
minutes. Midazolam group: continuous line, Midazolam +
Ketamine group: dashed line. Log rank test with p = 0.221.
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population is not uncommon among published papers related
to the matter, since in the real-world scenario a large age
range can be observed in referral services for this condition.
Regarding comorbidities associated with ASD, epilepsy was
present in 33.4% of the participants, which was higher than
the proportion found in a systematic review (12.1%).20 The
prevalence of obesity in the general Brazilian population is
approximately 14% in children and adolescents and 26% in
adults.21 The prevalence in our sample, which included chil-
dren, adolescents and adults, was 26.7%. A meta-analysis on
the association between ASD and obesity showed an Odds
Ratio of 1.84 for the prevalence of obesity in persons with
ASD compared to non-autistic individuals.22

Almost four-fifths of our sample (76.6%) used psychotropic
medications, which is higher than the 63.6% reported in a
United States study.23 The ASD severity distribution of our par-
ticipants, according to the American Psychiatric Association,
showed a predominance of level 3 (requires very substantial
support), which comprised more than half of the participants,
followed by level 2 (requires substantial support) in more than
a third. This is to be expected since those patients are more
likely to be referred to a specialized service. A previous study
comparing the necessity of premedication in children with
ASD, found an odds ratio of 2.70 and of 5.50 for this
6

intervention when ASD level one was compared to level two
and to level three respectively, which was similar to our
findings.24

A clinical trial in non-autistic children that compared mida-
zolam alone and midazolam plus ketamine at the same doses
used in our study found an anxiolysis rate of 90% in the com-
bined group and 75% with the midazolam group. This study
reported a Ramsay score ≥3 in 70% of the combined group
and less than 60% in the midazolam group.11 Another clinical
trial comparing different doses of midazolam in non-autistic
children found that a dose of 0.5 mg.kg�1 resulted in a seda-
tion level comparable to Ramsay ≥3 in 15% of the sample.25

The chronic use of psychotropic medications among our
sample, which can alter the functioning of the hepatic cyto-
chrome P450 system,26 as well as the genetic variability of
cytochrome P450,27 specifically CYP2B6 (involved in the
metabolization of ketamine),28 may have influenced the
lower rates of anxiolysis and drowsy or sleeping status in our
study. The difference in rates may be attributed to the use
of racemic ketamine in previous studies, which has greater
bioavailability than oral S(+)-ketamine.17,18,29

Venous access was a relevant aspect of our trial; in 64.2%
of the combined treatment group and 30.3% of the midazo-
lam group, peripheral venous access did not require physical
stabilization. This difference could be due to the analgesic
properties of ketamine, which acts on NMDA and opioid
receptors.30 A previous publication by Funk et al. used a scale
identical to ours to assess the reaction to venous access11 and
showed better venipuncture scores with midazolam/ketamine
association in pediatric anesthesia among non-autistic chil-
dren, however, topical anesthetic at the puncture site was
used, which may muddle analogies to our study.

The awakening time analysis with the Kaplan-Meier curve
showed no difference between the groups in the present
study. Previous studies using the same dosages also found no
significant differences between groups.11,31

There was a low incidence of agitation, nystagmus, and
sialorrhea in both intervention groups and the rates did not
differ significantly between them in our research. These
results are of an exploratory nature and must be analyzed
with due caution, since the sample size was calculated as a
function of the primary objective; our detection power for
other events is underestimated. We chose to compare only
midazolam and the association of midazolam and ketamine
due to the lower sedation rates reported with ketamine alone
seen in a previous paper,11 which also found higher rates of
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nausea, vomiting, and psychomimetic effects in children that
received ketamine alone at a higher dosage (6 mg.kg�1).11

Since no randomized clinical trials have been conducted
on the use of oral midazolam and oral ketamine as preanes-
thetic in autistic persons, our study is both relevant and
unprecedented. Our results can contribute to improve peri-
operative management in this population. Certain limita-
tions are inherent to this study, such as the per-protocol
analysis itself. This type of assessment was used to register
the effectiveness of combined treatment in an ideal situa-
tion due to the scarcity of clinical data in the literature.
Potential exclusion biases could compromise the effective-
ness of the intervention, for which an intention-to-treat
analysis would be more appropriate. Since it is assumed
that ketamine can compromise the individual’s socio-
behavioral aspects beyond the hospitalization period, the
lack of data in this topic could be considered as another
limitation, as well as the non-evaluation of parent’s anxi-
ety, age difference between groups, non-monitoring of neu-
romuscular blockade and anesthesia depth. Also, the
occurrence of adverse events must be seen with caution
due to its inherent exploratory nature, which could lead to
type 2 error related to insufficient detection power.

We conclude that the association of oral S(+)-ketamine
and midazolam provides higher rates of a satisfactory prean-
esthetic sedation state than oral midazolam alone in
patients with ASD. Combined treatment facilitates periph-
eral venous access without increasing awakening time or the
incidence of adverse events.
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