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Abstract

Purpose

The optimal sedative regime that provides the greatest comfort and the lowest risk for proce-
dural sedation in young children remains to be determined. The aim of this randomized,
blinded, controlled, parallel-design trial was to evaluate the efficacy of intranasal ketamine
and midazolam as the main component of the behavioral guidance approach for preschool-
ers during dental treatment.

Materials and methods

Children under seven years of age, with caries and non-cooperative behavior, were random-
ized into three groups: (KMIN) intranasal ketamine and midazolam; (KMO) oral ketamine
and midazolam; or (MO) oral midazolam. The dental sedation appointments were video-
taped, and the videos were analyzed using the Ohio State University Behavioral Rating
Scale (OSUBRS) to determine the success of the sedation in each group. Intra- and postop-
erative adverse events were recorded. Data analysis involved descriptive statistics and non-
parametric tests (P < 0.05, IBM SPSS).

Results

Participants were 84 children (28 per group; 43 boys), with a mean age of 3.1 years (SD
1.2). Children’s baseline and the dental sedation session characteristics were balanced
among groups. The success of the treatment as assessed by the dichotomous variable
‘quiet behavior for at least 60% of the session length’ was: KMIN 50.0% (n = 14; OR 2.10,
95% CI 0.71 to0 6.30), KMO 46.4% (n = 13; OR 1.80, 95% CI1 0.62 to0 5.40), MO 32.1% (n =9)
(P =0.360). Adverse events were minor, occurred in 37 of 84 children (44.0%), and did not
differ among groups (P = 0.462).
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Conclusion

All three regimens provided moderate dental sedation with minor adverse events, with marked
variability in the behavior of children during dental treatment. The potential benefit of the keta-
mine—midazolam combination should be further investigated in studies with larger samples.

Trial registration

ClinicalTrials.gov, identifier: NCT02447289. Registered on 11 May 2015, named “Midazo-
lam and Ketamine Effect Administered Through the Nose for Sedation of Children for Dental
Treatment (NASO).”

Introduction

Procedural sedation and analgesia outside of the operating room is still a challenge for many
health disciplines that focus on children. One of these challenges is related to the effectiveness
of sedatives [1]. In the last five years, systematic reviews have reported that “new” and “old”
sedatives such as midazolam, nitrous oxide, ketamine and propofol [2], dexmedetomidine [3],
and chloral hydrate [4] lack high quality evidence on efficacy and safety for administration in
children in diverse settings. In this respect, the dental setting allows wide perspectives on seda-
tive agents, as this setting combines pain, anxiety, lasting procedures, and urgent care. Anxious
children suffering the negative impacts of dental caries would experience harm if they remain
in queues for general anesthesia without any immediate relief [5].

Diverse sedative drugs, dosages and mode of administration have been studied in pediatric
dentistry, in order to identify the safest and most effective option [6]. Midazolam is the drug
most commonly used in this context, whereas other drugs such as ketamine have also demon-
strated efficacy in behavioral control [7,8]. Moreover, it has been shown that administration of
both ketamine and midazolam could be a good choice for pediatric dental sedation, including
for very young children [9,10].

Given the need to optimize the sedative technique, different routes of drug delivery have
been investigated; the intranasal route appears to be an effective option for procedural sedation
[11]. Although there are some published clinical trials evaluating intranasal sedation for dental
treatment of children, to the best of our knowledge, among these, only one study compared
the efficacy of midazolam and ketamine as given by oral or intranasal route [12]. However,
that study had a crossover nature, which can compromise the interpretation of the results in
this type of study [6].

Thus, considering the lack of well-designed trials evaluating the efficacy of intranasal
midazolam/ketamine in procedural sedation, the aim of this randomized, blinded, controlled,
parallel-design trial was to evaluate the efficacy of intranasal sedation with ketamine and mida-
zolam for the behavioral management of preschoolers undergoing dental treatment, as com-
pared with oral sedation using the same combination of agents, or midazolam alone, which is
considered gold standard sedative [13]. We hypothesized that intranasal sedation with midazo-
lam and ketamine would improve children’s behavior, with minimal adverse events, compared
to oral sedation.

Materials and methods

This randomized, controlled and triple-blind clinical trial, with three parallel groups (alloca-
tion ratio 1:1:1), was approved by the Research Ethics Committee of the Universidade Federal
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de Goias (UFQG), Brazil (protocol CAAE 36411214.1.0000.5083). The rights of the participants
were protected, and the parents/guardians signed a statement of informed consent prior to
participation in this study. In this study, we report on the main outcome findings of the inves-
tigation registered in the Clinical Trials Database prior to the start of the trial and any patient
enrollment undertaken (ClinicalTrials.gov NCT02447289). The full protocol of this clinical
trial has been published ([14]; S1 and S2 Protocols) and complies with CONSORT statement
(S1 Appendix). The full protocol included other variables that are going to be analyzed and
reported in future publications: children’s pain and acceptance of the sedative administration;
children’s memory of intraoperative procedures; children’s, parents’ and dentists’ stress and
perceptions of sedation; economic analysis of the sedative regimes [14]. There were no changes
to methods after trial commencement. The participant recruitment started on May 21, 2015
and the study was completed on October 18, 2016.

Participants and study setting

This study was conducted in children under seven years of age. Participants had ASA physical
status I or II and little risk of airway obstruction [15], no medical history of neurological or
cognitive alterations, and at least two decayed teeth without pulp involvement requiring dental
restoration. Recruited children had their uncooperative behavior confirmed during dental
exam. If children showed positive behavior (acceptance of dental treatment) in dental exam
session, they were scheduled to a dental restorative appointment without sedation. Then, if
they remained behaving well, they were excluded from the study.

This study took place in an university outpatient dental sedation clinic, where a multipro-
fessional team provides dental sedation for people with oral problems and difficulties facing
dental treatment due to anxiety or immature/deficient cognitive abilities. Trained anesthesiol-
ogists, pediatricians, psychologists, pediatric and general practice dentists, graduate and
undergraduate students all follow acknowledged guidelines to provide this service [16].

Interventions

Children were randomly assigned to one of the three groups: KMIN (experimental): combina-
tion of intranasal ketamine (4.0 mg/kg, maximum 100.0 mg) and midazolam (0.2 mg/kg, max-
imum 5.0 mg) [17-19]; KMO (control for the administration route): combination of ketamine
(4.0 mg/kg, maximum 100.0 mg) and midazolam (0.5 mg/kg, maximum 5.0 mg) [17-20] by
oral route; and MO (control): oral midazolam (1.0 mg/kg, maximum 20.0 mg) [9]. The seda-
tive formulations were: ketamine injectable solution in a concentration of 50.0 mg/mL (Keta-
min S, Cristalia, Sao Paulo, Brazil); midazolam injectable solution in a concentration of 5.0
mg/mL (Dormire injectable solution, Cristalia, Sdo Paulo, Brazil), and midazolam oral solution
in a concentration of 2.0 mg/mL (Dormire oral solution, Cristalia, Sdo Paulo, Brazil).

One anesthesiologist carried out the sedative administration following a standardized
sequence and time intervals between drugs (S1 Fig). First, the anesthesiologist administered
the oral syrups (midazolam/ketamine, midazolam, or placebo), and then the sedative or pla-
cebo (saline) via intranasal route. For the KMIN group, the administration started with keta-
mine dispensed in an insulin syringe and an atomizer (LMA MAD Nasal, Teleflex, Fort
Worth, TX, USA) with a maximum dose of 0.5 mL per hour, followed by midazolam after
three minutes.

Seven minutes after the administration of the last sedative, the parent and child were taken
to the dental office to start the dental treatment. One parent remained in the dental chair with
the child’s legs supported on their lap. A trained observer monitored the child throughout the
appointment using a pulse oximeter (Datex-Ohmeda, Helsinki, Finland) and visual inspection.
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A pediatric dentist and one assistant performed one tooth restoration under local anesthesia
and rubber dam isolation. Pediatric dentists used non-pharmacological techniques such as dis-
traction, as demanded by the children. Soon after the end of the procedure, the parent/child
dyad was taken to the sedation recovery room and remained there being continuously moni-
tored by an observer until they met the discharge criteria [16].

Outcomes

The outcomes for the present study were: primary-children’s behavior during dental sedation;
secondary-occurrence of intra- and postoperative adverse events.

Child’s behavior was evaluated according to the Ohio State University Behavioral Rating
Scale (OSUBRS) [21]. This scale possess four categories, as following: (1) quiet behavior, (2)
crying without movement, (3) resistant movement without crying, and (4) struggling.

Four blinded examiners were trained and calibrated to evaluate the child’s behavior via dig-
ital records using Observer XT software (Noldus, The Netherlands). For training, they watched
seven videos from different children not included in this study and discussed children’s behav-
ior in depth with the principal investigator. For calibration, they watched five different videos.
The intra-class coefficients (ICC) for the inter-examiner agreement were: OSUBRS 1
ICC =0.97; OSUBRS 2 ICC = 0.90; OSUBRS 3 ICC = 0.80; OSUBRS 4 ICC = 0.95. For intra-
examiner agreement, eleven videos were re-evaluated by the same examiner, with an interval
of about two weeks (ICC > 0.994 for all examiners).

One of four previously trained and calibrated observers independently watched the videos
taken during the dental treatment and assessed each child’s behavior using Observer XT soft-
ware (Noldus, The Netherlands). The observer continuously registered one of the four
OSUBRS scores during the whole sedation session, which generated a continuous variable for
each case, named the percentage of each OSUBRS score observed in a given dental sedation
session.

Adverse events were “unexpected and undesirable responses to sedatives that threaten or
cause patient injury or discomfort” [10] and were assessed according to the World SIVA Inter-
national Sedation Task Force Tool [22] complemented by a previous publication when appro-
priate [23]. The same observer who accompanied the child throughout the dental sedation
procedure registered any adverse event during the intra- or post-operative periods. Then, for
up to 24 hours after the appointment, a research team member called the parent to investigate
any complications.

There were no changes to the aforementioned outcomes after the trial commenced.

Sample size

The sample size was confirmed in an interim analysis by a blinded researcher, which included
the first 30 children participating in the present study. In this analysis, the success rate
observed in the three groups (MO 20%, KMO 30%, and KMIN 60%) was adopted as a parame-
ter. Quiet behavior (OSUBRS 1) from the child for at least 60% of the session length was
defined as success. Only the extremes (20% and 60%) were considered in the calculation,
allowing a viable number of participants. These analyses confirmed that a sample of at least 28
children in each group would be required.

Randomization and blinding

A researcher not directly involved in the clinical procedures performed the randomization
procedure using an online calculator (www.randomization.com), establishing five blocks with
15 participants each, and the last block with nine participants. The code obtained in the
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randomization for each consecutive participant was kept in a sealed brown envelope under the
strict care of the anesthesiologist. The envelopes were sequentially numbered and opened con-
secutively by the anesthesiologist soon after the parent signed the consent form agreeing to the
child’s participation in the study.

To ensure the blinding, participants (children and parents/caregivers) and the researchers
involved in dental treatment, data collection, and statistical analysis, were unaware of which
sedative was administered to each child. Only the pediatrician and the anesthesiologist knew
the allocation group for each patient so they could prepare the drugs and act immediately if
any adverse event occurred. The placebo syrup had the same color and density of the midazo-
lam oral syrup, as did the intranasal placebo (saline), which was administered in the same type
of syringe/atomizer used for intranasal ketamine or midazolam. Both placebos were given in
the same volume that would be expected for the active drug.

Statistical analyses

The outcome variable ‘child behavior’ was approached in three formats, to better illustrate the
results provided by the three sedative regimes: 1. Dichotomous, according to the quiet behav-
ior for at least 60% of the session length (similar to the format used for sample size calculation);
2. Continuous, represented by the observed percentage of each of the four OSUBRS scores in a
session; 3. Ordinal, in which the IBM SPSS 24.0 visual binning tool was employed to determine
3 cut points with an equal number of cases in each bin and then generate four classes of behav-
ior, considering the percentage of the quiet OSUBRS score throughout a dental sedation
appointment.

The data were analyzed using the statistical software IBM SPSS 24.0 (IBM Corporation,
Armonk, NY, USA), with a significance level of 5%. Analyses included descriptive statistics
and association tests for comparisons among the three groups. Kruskal-Wallis and chi-square
(Pearson’s or Fisher Exact test) tests with Bonferroni correction were used to verify the associa-
tion between behavior and the three groups. A subgroup analysis for children’s age (2-3 years
old and 4-6 years old) comparing sedative groups regarding children’s behavior was planned.
Friedman’s test was used to compare vital signs at the baseline and session under sedation.
Effect sizes (odds ratio ‘OR’), number needed to treat (NNT) and relative risk reduction were
also estimated using the dichotomous behavioral assessment (success/failure of sedation); the
MO group was used as control for both KMIN and KMO.

Results

A total of 84 children (43 boys; 51.2%), with a mean age of 3.1 years (SD 1.2), were enrolled in
this study between May 2015 and October 2016 (Fig 1). All children were included in the final
analyses. Study groups were balanced with regard to demographic data, baseline clinical char-
acteristics, and procedural sedation sessions’ data (Table 1). Dental treatment was completed
in 92.9% (KMIN, n = 26), 89.3% (KMO, n = 25) and 85.7% (MO, n = 24).

Overall, the percentage of quiet behavior ranged from 0 to 100% with a substantial variabil-
ity in the three sedative groups (Fig 2). Medians were higher in the KMIN and KMO groups,
but statistically similar to the MO group (P = 0.22, Kruskal-Wallis test); 95% confidence inter-
vals of medians were: KMIN (17%, 80%), KMO (45%, 95%), MO (34%, 69%).

The categories of quiet behavior generated through visual binning comprised 21 cases each
one: often quiet (median 96.5% of quiet behavior; quartiles 93.6%, 98.7%); quiet most of the
time (70.7%; 56.3%, 81.2%); quiet a few times (36.4%; 32.5%, 44.2%); restless (11.7%; 4.3%,
17.9%). The Chi-square with adjusted p-value through the Bonferroni method did not reveal a
difference among groups (Table 2, P = 0.05); pairwise comparisons of column proportions
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Fig 1. CONSORT flowchart of clinical trial progress stages.
https://doi.org/10.1371/journal.pone.0213074.9001

uncovered that KMO presented more "often quiet behavior’ (42.9%) than MO (10.7%), but
similar to KMIN (21.4%).

The success of the treatment as assessed by the dichotomous variable ‘quiet behavior for at
least 60% of the session length’ was: KMIN 50.0% (n = 14; OR 2.10, 95% CI 0.71 to 6.30), KMO
46.4% (n =13; OR 1.80, 95% CI 0.62 to 5.40), MO 32.1% (n = 9) (Pearson Chi-square 0.360).

The NNT and efficacy (or relative risk reduction) for the sedation success indicated that, on
average, 6 (95% CI 2 to infinite) and 7 (95% CI 3 to infinite) children respectively would have
to receive KMIN and KMO, instead of MO, for one additional patient to not have a sedation
failure during dental sedation. For the relative risk reduction estimation, there was a 56% (95%
CI -199% to 19%) reduction of failure in the KMIN group and 45% (95% CI -182% to 26%) in
the KMO group.

There were 62 children aged 2-3 years and 22 children 4-6 years old; this polarization of
participants at younger ages undermined the analysis of the efficacy of sedatives on the behav-
ior of children in the two age subgroups as originally planned.
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Table 1. Characteristics of participants and dental sedation appointments according to the groups.

Variables

Sedative groups

Intranasal ketamine-midazolam

Oral ketamine-midazolam

Oral midazolam

(n=28) (n=28) (n=28)
Children’s characteristics
Sex*

Female 14 (50.0%) 13 (46.4%) 14 (50.0%)
Male 14 (50.0%) 15 (53.6%) 14 (50.0%)
Age (months)® 43.5 (33.0-52.3) 38.0 (33.3-48.0) 42.5 (35.0-47.5)
Weight (kg)® 15.7 (13.5-17.5) 14.5 (13.0-17.4) 15.4 (14.2-17.3)

ASA*®
I 23 (82.1%) 28 (100.0%) 25 (89.3%)
1I 5(17.9%) 0 (0%) 3 (10.7%)
Dental history

Current toothache®

20 (71.4%)

14 (50.0%)

19 (67.9%)

Local anesthesia in previous dental treatment®

12 (42.9%)

6(21.4%)

12 (42.9%)

Number of decayed teeth”

9.0 (6.0-11.0)

8.5 (4.0-10.0)

7.0 (6.0-9.0)

Physical restraint during dental exam (recruiting phase)®

17 (60.7%)

21 (75.0%)

20 (74.1%)

Vital signs just before sedative administration

Heart rate (beats per minute)®

110.0 (98.3-120.0)

102.0 (98.0-113.0)

103.0 (98.3-123.0)

Oxygen saturation (%)"

98.0 (96.0-98.8)

98.0 (97.0-98.0)

97.0 (97.0-98.8)

Respiratory rate (breaths per minute)®

24.0 (24.0-27.5)

24.0 (24.0-28.0)

24.0 (24.0-25.5)

Blood pressure (mmHg)"

Systolic

90.0 (80.0-90.0)

85.0 (85.0-90.0)

90.0 (85.0-100.0)

Diastolic

60.0 (55.0-60.0)

60.0 (55.0-60.0)

60.0 (60.0-60.0)

Dental sedation appointment

a

Positive behavior at the entrance to the dental office

23 (82.1%)

26 (96.3%)

21 (77.2%)

Length of the procedure (minutes)®

24.0 (21.0-28.8)

27.5(23.0-35.0)

24.0 (20.5-29.0)

Procedure aborted®

2(7.1%)

3 (10.7%)

4 (14.3%)

Physical restraint needed (except mouth prop)*

18 (64.3%)

16 (57.1%)

21 (75.0%)

*n (%)
"Median (1%-3¢ quartiles)

https://doi.org/10.1371/journal.pone.0213074.t001

Vital signs (heart and respiratory rate, oxygen saturation, and blood pressure) remained
within normal limits and did not significantly change during the dental sedation procedure
(Friedman test, P > 0.05).

A total of 37 (44.0%) children had intra and/or postoperative adverse events (Table 3),
which were minor, did not require any specific intervention and did not associate with the sed-

ative group (Pearson chi-square, P = 0.462).

Discussion

Overall, the combination of ketamine/midazolam produced satisfactory behavior in the major-
ity of children and for most of the procedural sedation appointment. However, the study
results refute the hypothesis that the combination of ketamine and midazolam delivered
through the intranasal route improves the behavior of children undergoing dental treatment,
compared with the same sedative combination delivered through the oral route as well as with
the midazolam alone.
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Fig 2. Percentage of quiet behavior in the sedative groups reported as minimum to maximum values, medians,
quartiles and means (+). KMIN = Intranasal ketamine-midazolam; KMO = Oral ketamine and midazolam;
MO = Oral midazolam.

https://doi.org/10.1371/journal.pone.0213074.9002

The investigated interventions are comparable with one trial that administered ketamine
(10 mg/kg) and midazolam (0.5 mg/kg) through oral or intranasal routes in 23 young children
[12]. However, that study [12] presents important methodological differences when compared
to this study, such as crossover design, combination between the sedation regime and 40%
nitrous oxide, and non-trained professionals assessing the children’s behavior. Crossover
design is recommended when the underlying condition is stable, and, between intervention
moments, there will be no significant changes [24]. This does not occur when we investigate
the effect of sedatives on the same child at different times. Children’s behavior may be the
result of previous experience, such as negative dental experience [25]. Therefore, if the first
trial intervention is unpleasant for the child, this result may affect the success of the subsequent
intervention [6]. This prior study [12] may have been affected by biases which limits compari-
son with this parallel, randomized clinical trial.

Table 2. Children’s behavior under sedation during the dental treatment.

Categories Intervention groups
Intranasal ketamine-midazolam (KMIN) Oral ketamine-midazolam (KMO) Oral midazolam (MO) (n = 28)
(n=28) (n=28)
Restless 10 (35.7%)* 5 (17.9%) 6 (21.4%)°
Quiet a few times 4 (14.3%)* 6(21.4%)* 11 (39.3%)*
Quiet most of the time 8 (28.6%)* 5(17.9%)* 8 (28.6%)*
Often quiet 6 (21.4%)™° 12 (42.9%)° 3 (10.7%)*

Pearson Chi-Square with Bonferroni correction, P = 0.05

b Different subscript letter denotes a subset of sedative categories whose column proportions differ significantly from each other

https://doi.org/10.1371/journal.pone.0213074.t1002
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Table 3. Absolute and relative frequencies of adverse events related to sedative groups.

Adverse events® Intervention groups
Intranasal ketamine-midazolam (KMIN) Oral ketamine-midazolam (KMO) Oral midazolam (MO) (n = 28)
(n=28) (n=28)
Total 11 (39.3%)° 15 (53.6%)° 11 (39.3%)
Intraoperative
Vomit 1(3.6%) 1(3.6%) 2(7.1%)
Prolonged recovery 0 0 3 (10.7%)
24 hours postoperatively
Nausea/vomiting 5(17.9%) 6 (21.4%) 6 (21.4%)
Irritability 3(10.7%) 2(7.1%) 5 (17.9%)
Agitation 1(3.6%) 5(17.9%) 2 (7.1%)
Drowsiness 0 2 (7.1%) 1(3.6%)
Hallucination 1(3.6%) 2(7.1%) 1(3.6%)

* One child could have more than one adverse event
> Odds ratio 1.0 (95% CI 0.34 to 2.90) in contrast to MO
€ Odds ratio 1.8 (95% CI 0.62 to 5.20) in contrast to MO

https://doi.org/10.1371/journal.pone.0213074.t003

We hypothesized that there would be greater occurrence of quiet behavior among sedated
children with KMIN because of the advantages associated with the intranasal route, including
more reliable sedative absorption than the oral route, since it avoids first pass hepatic metabo-
lism [11,26]. Perhaps a persistent unpleasant perception of the intranasal sedative by the child
may have impaired the expected efficacy of the KMIN group. In an attempt to control the
nasal discomfort associated with midazolam [17], we first atomized ketamine and waited three
minutes to administer midazolam, because that would be enough time to observe an initial
local analgesic properties of ketamine [27,28]. However, the intranasal administration of an
intravenous formulation of ketamine has a bad taste even if nebulized into the nose [29]. The
effect of the intranasal administration on the children’s behavior during a procedural sedation
should be further investigated in future studies.

Additionally, as we aimed to deliver moderate sedation, children’s psychological character-
istics might have influenced their behavior even during sedation [30-32], but the literature is
scarce on this kind of investigation. Ultimately, considering the extreme negative behavior
observed in some children while they were sedated, we should speculate that they would be
better indicated to general anesthesia [33]. Indeed, there is no uniformity in the policy of indi-
cating sedation or general anesthesia in pediatric dentistry in a global context [34]. These fac-
tors may have influenced the variability in the data of the main outcome and consequent loss
of power of the sample, although we did an interim analysis with the first 30 cases included in
the study to estimate the sample size.

In this trial, the dose of midazolam differed in the KMIN and KMO groups. Midazolam
doses of 0.5 mg/kg for the oral route and 0.2 mg/kg for the intranasal route are in agreement
with previous studies [17], and supported by the fact that the bioavailability of the nasal route
is more than twice of the oral route (75% vs. 36%) [35,36]. Intranasal use of doses greater than
0.2 mg/kg causes excessive coughing and sneezing with greater expulsion of the drug [18],
while doses of 0.5 mg/kg of oral midazolam provide good sedation [20]. Nonetheless, KMO
improved children’s behavior compared with MO, confirming previous findings [9,10]. In
fact, ketamine adds to the procedural sedation in children, given that it can promote a dissocia-
tive state, preserves cardiovascular stability [37], does not cause respiratory depression [38],
and possesses analgesic effects, which promote reductions in postoperative pain [39].
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There is no ideal instrument to evaluate the efficacy of sedation [40]. Children’s behavioral
evaluation is one method to assess it and is often performed through observational scales such
as the OSUBRS, which provides accurate dynamic behavioral data during sessions [41]. This
scale presents four behavioral categories ranging from quiet to combative that generates con-
tinuous data. In this study, we added analyzes beyond that used to calculate sample size [14] to
better understand the effect of sedative regimens on children’s behavior. Preliminarily, we
planned to dichotomize the children’s behavior in more than 60% of quiet behavior during the
session (success of sedation) and less than 60% of quiet behavior during the session (sedation
failure) [14]. However, this would hide the variety of in-between behaviors that can be
observed in a moderately sedated child. Therefore, we categorized the percentage of quiet
behavior into four groups to improve the clinical understanding of our results. Another four-
category scale indicated to assess children’s behavior during dental treatment corroborates this
type of classification [42].

In fact, adding ketamine (in both KMIN and KMO) had the potential to reduce the risk of
negative behavior in relative and absolute terms. Although the NNTs obtained in this study
were not significant, it can be speculated that ketamine associated with midazolam could be
effective compared to midazolam alone; larger sample sizes can elucidate this issue. Comple-
tion of treatment is also a way of assessing the success of sedation [6]. In this study, we did
complete dental treatments in 75 of a total of 84 sessions despite the need for protective stabili-
zation. Thus, we consider that the sedative regimes investigated were successful in most
sessions.

This study has several limitations that should be considered. The shorter times of action
and recovery of the intranasal route [43] may explain the fact that there was no better behavior
among children sedated via this route, compared to the oral route. In the case of these children,
there seems to be less time to perform procedures and, consequently, the possibility of non-
cooperative behavior during the procedure. However, these aspects were not evaluated in this
study because of the standardization of drug administration time for blinding purposes and
subsequent reliability of the measures [44]. The absence of this evaluation does not compro-
mise the results of the research, which is evidenced by the similarity in the number of aborted
procedures and in the duration of the consultation. Future clinical studies comparing times of
action and recovery among sedatives administered by intranasal and oral routes are needed.

In addition, we partially changed the statistical planning [14], which projected the indepen-
dent variables: child’s sex, age, dental history and caries index, as well as need for protective
stabilization during sedation and length of the procedural session. Actually, the limited sample
size and the balance of these variables in the sedation groups did not allow a meaningful logis-
tic regression analysis.

On the other hand, this clinical trial has several strengths that increase its internal validity.
We confirmed the uncooperative behavior of children before they were included in the study,
because they might have been referred for sedation by dentists with difficulties in the use of
non-pharmacological behavioral management techniques. Dental procedures were standard-
ized to reduce the variability of stimuli across groups. Further, necessary training of the
observers who assessed the main outcome was performed until there was an inter-examiner
agreement of 85%. In addition, one of the measures of children’s behavior was measured con-
tinuously, using the OSUBRS scale with specific software, which ensures more realistic and
representative data of a procedural sedation session, if compared to more subjective percep-
tions of the staff. We also warranted that the research team and participants of the research
were masked to the intervention group, with the exception of the pediatrician and anesthesiol-
ogist, who were able to act in the case of severe adverse events.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213074 March 11,2019 10/14


https://doi.org/10.1371/journal.pone.0213074

©'PLOS|ONE

Ketamine and midazolam for pediatric sedation

The results of this study are useful to guide practitioners in the selection of the appropriate
sedative and administration route, while better evidence is not available. We suggest that, in
pediatric dentistry, the combination of ketamine and midazolam may be administered via the
route more favorable for the patient. Children who have good oral acceptance may benefit
from ketamine/midazolam administration via this route. When the oral route is not well
accepted, the intranasal route can be chosen. The administration of sedatives should be per-
formed by a competent professional to use such techniques, perform adequate monitoring of
the patient and handle the possible intercurrences. As there are safety concerns on the use of
ketamine by non-anesthesiologists, it must be administered by qualified physicians who can
provide all levels of analgesia/sedation and advanced airway support if necessary [45].

In conclusion, the combination of ketamine with midazolam appears to be more effective
in managing the behavior of non-cooperative children during dental treatment in comparison
to midazolam alone, although no statistical significance was reported in this study. Future
studies with larger sample sizes should be performed to confirm or refute the present results.

Supporting information

S1 Appendix. CONSORT checklist.
(DOC)

S1 Fig. Sequence and time intervals for sedative administration among the different
groups.
(PDF)

S$1 Protocol. Original study protocol in Portuguese, approved by the Research Ethics
Board.
(PDF)

S2 Protocol. Original study protocol, English translation.
(PDF)

Author Contributions

Conceptualization: Joji Sado-Filho, Karolline Alves Viana, Patricia Corréa-Faria, Luciane
Rezende Costa, Paulo Sucasas Costa.

Data curation: Luciane Rezende Costa, Paulo Sucasas Costa.
Formal analysis: Patricia Corréa-Faria, Luciane Rezende Costa.

Investigation: Joji Sado-Filho, Karolline Alves Viana, Patricia Corréa-Faria, Luciane Rezende
Costa, Paulo Sucasas Costa.

Methodology: Joji Sado-Filho, Karolline Alves Viana, Patricia Corréa-Faria, Luciane Rezende
Costa, Paulo Sucasas Costa.

Project administration: Luciane Rezende Costa, Paulo Sucasas Costa.
Resources: Luciane Rezende Costa, Paulo Sucasas Costa.

Writing - original draft: Joji Sado-Filho, Karolline Alves Viana, Patricia Corréa-Faria,
Luciane Rezende Costa, Paulo Sucasas Costa.

Writing - review & editing: Joji Sado-Filho, Karolline Alves Viana, Patricia Corréa-Faria,
Luciane Rezende Costa, Paulo Sucasas Costa.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213074 March 11,2019 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213074.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213074.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213074.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213074.s004
https://doi.org/10.1371/journal.pone.0213074

® PLOS |ONE

Ketamine and midazolam for pediatric sedation

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Mason KP. Challenges in paediatric procedural sedation: political, economic, and clinical aspects. Br J
Anaesth. 2014; 113: 48-62. https://doi.org/10.1093/bja/acu387 PMID: 25498582

Hartling L, Milne A, Foisy M, Lang ES, Sinclair D, Klassen TP, et al. What works and what’s safe in pedi-
atric emergency procedural sedation: an overview of reviews. Acad Emerg Med. 2016; 23: 519-30.
https://doi.org/10.1111/acem.12938 PMCID: PMC5021163 PMID: 26858095

Kim HJ, Shin WJ, Park S, Ahn HS, Oh JH. The sedative effects of the intranasal administration of dex-
medetomidine in children undergoing surgeries compared to other sedation methods: a systematic
review and meta-analysis. J Clin Anesth. 2017; 38: 33-9. https://doi.org/10.1016/j.jclinane.2017.01.
014 PMID: 28372674

Mataftsi A, Malamaki P, Prousali E, Riga P, Lathyris D, Chalvatzis NT, et al. Safety and efficacy of chlo-
ral hydrate for procedural sedation in paediatric ophthalmology: a systematic review and meta-analysis.
Br J Ophthalmol. 2017; 10: 1423-30. https://doi.org/10.1136/bjophthalmol-2016-309449 PMID:
28242616

Goodwin M, Sanders C, Davies G, Walsh T, Pretty IA. Issues arising following a referral and subse-
quent wait for extraction under general anaesthetic: impact on children. BMC Oral Health. 2015; 15: 3.
https://doi.org/10.1186/1472-6831-15-3 PMID: 25595299

Lourenco-Matharu L, Ashley PF, Furness S. Sedation of children undergoing dental treatment.
Cochrane Database Syst Rev. 2012; 3: CD003877. https://doi.org/10.1002/14651858 CD003877pub4
PMID: 22419289

Corcuera-Flores JR, Silvestre-Rabgil J, Cutando-Soriano A, Lépez-Jimenez J. Current methods of
sedation in dental patients—a systematic review of the literature. Med Oral Patol Oral Cir Bucal. 2016;
21:579-86. http://dx.doi.org/doi: 10.4317/medoral.20981 PMID: 27475684

Poonai N, Canton K, Ali S, Hendrikx S, Shah A, Miller M, et al. Intranasal ketamine for procedural seda-
tion and analgesia in children: A systematic review. PLoS ONE. 2017; 12(3): e0173253. https://doi.org/
10.1371/journal.pone.0173253 PMID: 28319161

Moreira TA, Costa PS, Costa LR, Jesus-Franga CM, Antunes DE, Gomes HS, et al. Combined oral mid-
azolam-ketamine better than midazolam alone for sedation of young children: a randomized controlled
trial. Int J Paediatr Dent. 2013; 23: 207-15. https://doi.org/10.1111/j.1365-263X.2012.01246.x PMID:
22631626

Gomes HSO, Gomes HS, Sado-Filho J, Costa LR, Costa PS. Does sevoflurane add to outpatient proce-
dural sedation in children? A randomised clinical trial. BMC Pediatr. 2017; 17: 86. https://doi.org/10.
1186/512887-017-0838-4 PMCID: PMC5366115 PMID: 28340572

Roback MG, Carlson DW, Babl FE, Kennedy RM. Update on pharmacological management of proce-
dural sedation for children. Curr Opin Anaesthesiol. 2016; 29: 21-35. https://doi.org/10.1097/ACO.
0000000000000316 PMID: 26926332

Fallahinejad Ghajari M, Ansari G, Soleymani AA, Shayeghi S, Ardakani FF. Comparison of oral and
intranasal midazolam/ketamine sedation in 3-6-year old uncooperative dental patients. J Dent Res Dent
Clin Dent Prospects. 2015; 9: 61-5. https://doi.org/10.15171/joddd.2015.013 PMID: 26236429

Sahoo S, Kaur M, Tripathy HK, Kumar A, Kohli S, Nanda S. Comparative evaluation of midazolam and
clonidine as pediatric oral premedication. Anesth Essays Res. 2013; 7:221-7. https://doi.org/10.4103/
0259-1162.118967 PMID: 25885837

Gomes HS, Miranda AR, Viana KA, Batista AC, Costa PS, Daher A, et al. Intranasal sedation using
ketamine and midazolam for pediatric dental treatment (NASO): study protocol for a randomized con-
trolled trial. Trials. 2017; 18: 172. https://doi.org/10.1186/s13063-017-1919-2 PMID: 28399933

Mallampati SR, Gatt SP, Gugino LD, Desai SP, Waraksa B, Freiberger D, et al. A clinical sign to predict
difficult tracheal intubation: a prospective study. Can Anaesth Soc J. 1985; 32: 429-34. https://doi.org/
10.1097/00132582-198609000-00017 PMID: 4027773

Coté CJ, Wilson S, American Academy of Pediatric Dentistry, American Academy of Pediatrics. Guide-
lines for monitoring and management of pediatric patients before, during, and after sedation for diagnos-
tic and therapeutic procedures: update 2016. Pediatr Dent. 2016; 38: 13-39. https://doi.org/10.1542/
peds.2016-1212 PMID: 27354454

Manoj TR, Satya Prakash MVS, Swaminathan S, Kamaladevi RKM. Comparison of ease of administra-
tion of intranasal midazolam spray and oral midazolam syrup by parents as premedication to children
undergoing elective surgery. J Anesth. 2017; 31: 351-7. hitps://doi.org/10.1007/s00540-017-2330-6
PMID: 28271228

Wilton NC, Leigh J, Rosen DR, Pandit UA. Pre-anesthetic sedation of preschool children using intrana-
sal midazolam. Anesthesiology. 1988; 69: 972-5. PMID: 3195771

PLOS ONE | https://doi.org/10.1371/journal.pone.0213074 March 11,2019 12/14


https://doi.org/10.1093/bja/aeu387
http://www.ncbi.nlm.nih.gov/pubmed/25498582
https://doi.org/10.1111/acem.12938
http://www.ncbi.nlm.nih.gov/pubmed/26858095
https://doi.org/10.1016/j.jclinane.2017.01.014
https://doi.org/10.1016/j.jclinane.2017.01.014
http://www.ncbi.nlm.nih.gov/pubmed/28372674
https://doi.org/10.1136/bjophthalmol-2016-309449
https://doi.org/10.1186/1472-6831-15-3
http://www.ncbi.nlm.nih.gov/pubmed/25595299
https://doi.org/10.1002/14651858
http://www.ncbi.nlm.nih.gov/pubmed/22419289
http://dx.doi.org/doi:10.4317/medoral.20981
http://www.ncbi.nlm.nih.gov/pubmed/27475684
https://doi.org/10.1371/journal.pone.0173253
https://doi.org/10.1371/journal.pone.0173253
http://www.ncbi.nlm.nih.gov/pubmed/28319161
https://doi.org/10.1111/j.1365-263X.2012.01246.x
http://www.ncbi.nlm.nih.gov/pubmed/22631626
https://doi.org/10.1186/s12887-017-0838-4
https://doi.org/10.1186/s12887-017-0838-4
http://www.ncbi.nlm.nih.gov/pubmed/28340572
https://doi.org/10.1097/ACO.0000000000000316
https://doi.org/10.1097/ACO.0000000000000316
http://www.ncbi.nlm.nih.gov/pubmed/26926332
https://doi.org/10.15171/joddd.2015.013
http://www.ncbi.nlm.nih.gov/pubmed/26236429
https://doi.org/10.4103/0259-1162.118967
https://doi.org/10.4103/0259-1162.118967
http://www.ncbi.nlm.nih.gov/pubmed/25885837
https://doi.org/10.1186/s13063-017-1919-2
http://www.ncbi.nlm.nih.gov/pubmed/28399933
https://doi.org/10.1097/00132582-198609000-00017
https://doi.org/10.1097/00132582-198609000-00017
http://www.ncbi.nlm.nih.gov/pubmed/4027773
https://doi.org/10.1542/peds.2016-1212
https://doi.org/10.1542/peds.2016-1212
https://doi.org/10.1007/s00540-017-2330-6
http://www.ncbi.nlm.nih.gov/pubmed/28271228
http://www.ncbi.nlm.nih.gov/pubmed/3195771
https://doi.org/10.1371/journal.pone.0213074

® PLOS |ONE

Ketamine and midazolam for pediatric sedation

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Bahetwar SK, Pandey RK, Saksena AK, Chandra G. A comparative evaluation of intranasal midazolam,
ketamine and their combination for sedation of young uncooperative pediatric dental patients: a triple
blind randomized crossover trial. J Clin Pediatr Dent. 2011; 35: 415-20. https://doi.org/10.17796/jcpd.
35.4.143h3354705u2574 PMID: 22046702

Feld LH, Negus JB, White PF. Oral midazolam pre-anesthetic medication in pediatric outpatients. Anes-
thesiology. 1990; 73: 831—4. https://doi.org/10.1097/00000542-199011000-00006 PMID: 2240672

Lochary ME, Wilson S, Griffen AL, Coury DL. Temperament as a predictor of behavior for conscious
sedation in dentistry. Pediatr Dent. 1993; 15: 348-52. PMID: 8302673

Mason KP, Green SM, Piacevoli Q; International Sedation Task Force. Adverse event reporting tool to
standardize the reporting and tracking of adverse events during procedural sedation: a consensus doc-
ument from the World SIVA International Sedation Task Force. Br J Anaesth. 2012; 108: 13-20.
https://doi.org/10.1093/bja/aer407 PMID: 22157446

Costa LR, Costa PS, Brasileiro SV, Bendo CB, Viegas CM, Paiva SM. Post-discharge adverse events
following pediatric sedation with high doses of oral medication. J Pediatr. 2012; 160: 807—13. https:/
doi.org/10.1016/j.jpeds.2011.10.025 PMID: 22133425

Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0
(updated March 2011). The Cochrane Collaboration, 2011. Avaliable from www.cochrane-handbook.
org.

Mitchual S, da Fonseca MA, Raja S, Weatherspoon D, Koerber A. Association between childhood trau-
matic stress ad behavior in the pediatric dental clinic. Pediatr Dent. 2017; 39(3): 203-8. https://doi.org/
NO_DOI PMID: 28583244

Wolfe TR, Braude DA. Intranasal medication delivery for children: a brief review and update. Pediatrics.
2010; 126: 532-7. https://doi.org/10.1542/peds.2010-0616 PMID: 20696726

Johansson J, Sjoberg J, Nordgren M, Sandstrém E, Sjoberg F, Zetterstrom H. Prehospital analgesia
using nasal administration of S-ketamine—a case series. Scand J Trauma Resusc Emerg Med. 2013;
21: 38. https://doi.org/10.1186/1757-7241-21-38 PMID: 23672762

Buosenso D, Barone G, Valentini P, Pierri F, Chiaretti A. Utility of intranasal Ketamine and Midazolam
to perform gastric aspirates in children: a double-blind, placebo controlled, randomized study. BMC
Pediatrics. 2014; 14: 67—74. https://doi.org/10.1186/1471-2431-14-67 PMID: 24598046

Reynolds SL, Bryant KK, Studnek JR, Hogg M, Dunn C, Templin MA, et al. Randomized controlled fea-
sibility trial of intranasal ketamine compared to intranasal fentanyl for analgesia in children with sus-
pected extremity fractures. Acad Emerg Med. 2017; 24: 1430-1440. https://doi.org/10.1111/acem.
13313 PMID: 28926159

Nelson TM, Griffith TM, Lane KJ, Thikkurissy S, Scott JM. Temperament as a predictor of nitrous oxide
inhalation sedation success. Anesth Prog. 2017; 64: 17-21. https://doi.org/10.2344/anpr-63-03-01
PMID: 28128664

Miranda-Remijo D, Orsini MR, Corréa-Faria P, Costa LR. Mother-child interactions and young child
behavior during procedural conscious sedation. BMC Pediatr. 2016; 16: 201. https://doi.org/10.1186/
$12887-016-0743-2 PMID: 27914480

Lourengo-Matharu L, Papineni McIntosh A, Lo JW. Predicting children’s behaviour during dental treat-
ment under oral sedation. Eur Arch Paediatr Dent. 2016; 17: 157-63. https://doi.org/10.1007/s40368-
015-0205-9 PMID: 26476641

American Academy of Pediatric Dentistry. Use of anesthesia providers in the administration of office-
based deep sedation/general anesthesia to the pediatric dental patient. Pediatr Dent. 2017; 39: 308—
11. PMID: 29179370

Nordervd J, Faulks D, Molina G, Granlund M, Klingberg G. Which factors most influence referral for
restorative dental treatment under general anesthesia in children with complex disabilities: caries sever-
ity, child functioning, or dental service organisation? Int J Paediatr Dent. 2018; 28: 71-82. https://doi.
org/10.1111/ipd.12305 PMID: 28514516

Reed MD, Rodarte A, Blumer JL, Khoo KC, Akbari B, Pou S, et al. The single-dose pharmacokinetics of
midazolam and its primary metabolite in pediatric patients after oral and intravenous administration. J
Clin Pharmacol. 2001; 41: 1359-69. https://doi.org/10.1177/00912700122012832 PMID: 11762564
Schrier L, Zuiker R, Merkus FW, Klaassen ES, Guan Z, Tuk B, et al. Pharmacokinetics and pharmaco-

dynamics of a new highly concentrated intranasal midazolam formulation for conscious sedation. Br J
Clin Pharmacol. 2017; 83: 721-31. https://doi.org/10.1111/bcp.13163 PMID: 27780297

Krauss B, Green SM. Procedural sedation and analgesia in children. Lancet. 2006; 367: 766—80.
https://doi.org/10.1016/S0140-6736(06)68230-5 PMID: 16517277

Van de Bunt JA, Veldhoen ES, Nievelstein RAJ, Hulsker CCC, Schouten ANJ, van Herwaarden MYA.
Effects of ketamine sedation compared to morphine analgesia on hydrostatic reduction of

PLOS ONE | https://doi.org/10.1371/journal.pone.0213074 March 11,2019 13/14


https://doi.org/10.17796/jcpd.35.4.l43h3354705u2574
https://doi.org/10.17796/jcpd.35.4.l43h3354705u2574
http://www.ncbi.nlm.nih.gov/pubmed/22046702
https://doi.org/10.1097/00000542-199011000-00006
http://www.ncbi.nlm.nih.gov/pubmed/2240672
http://www.ncbi.nlm.nih.gov/pubmed/8302673
https://doi.org/10.1093/bja/aer407
http://www.ncbi.nlm.nih.gov/pubmed/22157446
https://doi.org/10.1016/j.jpeds.2011.10.025
https://doi.org/10.1016/j.jpeds.2011.10.025
http://www.ncbi.nlm.nih.gov/pubmed/22133425
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
https://doi.org/NO_DOI
https://doi.org/NO_DOI
http://www.ncbi.nlm.nih.gov/pubmed/28583244
https://doi.org/10.1542/peds.2010-0616
http://www.ncbi.nlm.nih.gov/pubmed/20696726
https://doi.org/10.1186/1757-7241-21-38
http://www.ncbi.nlm.nih.gov/pubmed/23672762
https://doi.org/10.1186/1471-2431-14-67
http://www.ncbi.nlm.nih.gov/pubmed/24598046
https://doi.org/10.1111/acem.13313
https://doi.org/10.1111/acem.13313
http://www.ncbi.nlm.nih.gov/pubmed/28926159
https://doi.org/10.2344/anpr-63-03-01
http://www.ncbi.nlm.nih.gov/pubmed/28128664
https://doi.org/10.1186/s12887-016-0743-2
https://doi.org/10.1186/s12887-016-0743-2
http://www.ncbi.nlm.nih.gov/pubmed/27914480
https://doi.org/10.1007/s40368-015-0205-9
https://doi.org/10.1007/s40368-015-0205-9
http://www.ncbi.nlm.nih.gov/pubmed/26476641
http://www.ncbi.nlm.nih.gov/pubmed/29179370
https://doi.org/10.1111/ipd.12305
https://doi.org/10.1111/ipd.12305
http://www.ncbi.nlm.nih.gov/pubmed/28514516
https://doi.org/10.1177/00912700122012832
http://www.ncbi.nlm.nih.gov/pubmed/11762564
https://doi.org/10.1111/bcp.13163
http://www.ncbi.nlm.nih.gov/pubmed/27780297
https://doi.org/10.1016/S0140-6736(06)68230-5
http://www.ncbi.nlm.nih.gov/pubmed/16517277
https://doi.org/10.1371/journal.pone.0213074

® PLOS |ONE

Ketamine and midazolam for pediatric sedation

39.

40.

41.

42,

43.

44,

45.

intussusception: a case-cohort comparison study. Paediatr Anaesth. 2017; 27: 1091-7. https://doi.org/
10.1111/pan.13226 PMID: 28940868

Cho HK, Kim KW, Jeong YM, Lee HS, Lee YJ, Hwang SH. Efficacy of ketamine in improving pain after
tonsillectomy in children: meta-analysis. PLoS One. 2014; 9: e101259. https://doi.org/10.1371/journal.
pone.0101259 PMID: 24979227

Williams MR, Nayshtut M, Hoefnagel A, McKeown A, Carlson DW, Cravero J, et al. Efficacy outcome
measures for pediatric procedural sedation clinical trials: an ACTTION systematic review. Anesth
Analg. 2017 Sep 14. Epub ahead of print. https://doi.org/10.1213/ANE.0000000000002456 PMID:
28922236

Moura LS, Costa PS, Costa LR. How do observational scales correlate the ratings of children’s behavior
during pediatric procedural sedation? BioMed Res Int. 2016; 2016: 5248271. hitps://doi.org/10.1155/
2016/5248271 PMID: 28116299

Frankl SN, Shiere FR, Fogels H. Should the parent remain with the child in the dental operatory? J Dent
Child. 1962; 29: 150-63.

Musani IE, Chandan NV. A comparison of the sedative effect of oral versus nasal midazolam combined
with nitrous oxide in uncooperative children. Eur Arch Paediatr Dent. 2015; 16: 417. https://doi.org/10.
1007/s40368-015-0187-7 PMID: 25939638

Lourengo-Matharu L, Roberts GJ. Oral sedation for dental treatment in young children in a hospital set-
ting. Br Dent J. 2010; 9: 209. https://doi.org/10.1038/sj.bd].2010.886 PMID: 20885413

Green SM, Mason KP, Krauss BS. Ketamine and propofol sedation by emergency medicine specialists:
mainstream or menace? Br J Anaesth. 2016; 116: 449-51. https://doi.org/10.1093/bja/aew048 PMID:
26994227

PLOS ONE | https://doi.org/10.1371/journal.pone.0213074 March 11,2019 14/14


https://doi.org/10.1111/pan.13226
https://doi.org/10.1111/pan.13226
http://www.ncbi.nlm.nih.gov/pubmed/28940868
https://doi.org/10.1371/journal.pone.0101259
https://doi.org/10.1371/journal.pone.0101259
http://www.ncbi.nlm.nih.gov/pubmed/24979227
https://doi.org/10.1213/ANE.0000000000002456
http://www.ncbi.nlm.nih.gov/pubmed/28922236
https://doi.org/10.1155/2016/5248271
https://doi.org/10.1155/2016/5248271
http://www.ncbi.nlm.nih.gov/pubmed/28116299
https://doi.org/10.1007/s40368-015-0187-7
https://doi.org/10.1007/s40368-015-0187-7
http://www.ncbi.nlm.nih.gov/pubmed/25939638
https://doi.org/10.1038/sj.bdj.2010.886
https://doi.org/10.1093/bja/aew048
http://www.ncbi.nlm.nih.gov/pubmed/26994227
https://doi.org/10.1371/journal.pone.0213074

