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Abstract
Introduction: Anxiety in pediatric patients may challenge perioperative anesthesiol-
ogy management and worsen postoperative outcomes. Sedative drugs aimed to re-
ducing anxiety are available with different pharmacologic profiles, and there is no 
consensus on their effect or the best option for preschool children. In this study, we 
aimed to compare the effect of three different premedications on anxiety before an-
esthesia induction in preschool children aged 2−6 years scheduled for elective sur-
gery. The secondary outcomes comprised distress during peripheral catheter (PVC) 
insertion, compliance at anesthesia induction, and level of sedation.
Patients and methods: In this double- blinded randomized clinical trial, we enrolled 90 
participants aged 2−6 years, who were scheduled for elective ear- , nose- and- throat 
surgery. The participants were randomly assigned to three groups: those who were 
administered 0.5 mg/kg oral midazolam, 4 µg/kg oral clonidine, or 2 µg/kg intranasal 
dexmedetomidine. Anxiety, distress during PVC insertion, compliance with mask dur-
ing preoxygenation, and sedation were measured using the modified Yale Preoperative 
Anxiety Scale, Behavioral Distress Scale, Induction Compliance Checklist, and Ramsay 
Sedation Scale, respectively.
Results: Six children who refused premedication were excluded, leaving 84 enrolled 
patients. At baseline, all groups had similar levels of preoperative anxiety and distress. 
During anesthesia preparation, anxiety was increased in the children who received 
clonidine and dexmedetomidine; however, it remained unaltered in the midazolam 
group. There were no differences in distress during PVC insertion or compliance at 
induction between the groups. The children in the clonidine and dexmedetomidine 
groups developed higher levels of sedation than those in the midazolam group.
Conclusions: In preschool children, midazolam resulted in a more effective anxiolysis 
and less sedation compared to clonidine and dexmedetomidine.
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1  |  INTRODUC TION

Many preschool children experience significant anxiety during the 
preoperative period. This may cause distress to the child during the 
preoperative period, which, in turn, may have a negative impact 
on their postoperative recovery and cause long- term impairment 
in cognition.1 Preoperative anxiety can increase stress- induced 
hemodynamic instability and pose as a challenge to smooth anes-
thesia induction.2 Thus, an optimal drug for premedication in young 
children is crucial.

The benzodiazepine midazolam has long been the most com-
monly used drug for premedication in children.3 It has been shown 
to alleviate anxiety and provide adequate sedation with an onset 
duration of ~40 min. However, midazolam has untoward side effects 
with increased risk of respiratory depression, amnesia, and paradox-
ical reactions.4 Two alpha- 2- agonists, clonidine and dexmedetomi-
dine, have emerged as alternatives to midazolam. These drugs have 
good sedative, analgesic, and anxiolytic properties with minimal re-
spiratory depression and better perioperative hemodynamic stabil-
ity.4- 6 Among these two alpha- 2- agonists, clonidine has been used 
more frequently.6 One major downside of clonidine is a longer du-
ration of onset, requiring administration 60 min before anesthesia 
induction.7 Compared with clonidine, dexmedetomidine has been 
suggested to have a more favorable safety profile, with anxiolysis 
and sedation achieved in 40 min following intranasal administra-
tion.8 There are only a few published randomized controlled studies 
using validated tools for the measurement of preoperative anxiety 
in preschool children, comparing the effect of dexmedetomidine, 
clonidine and midazolam. Neville et al. and Linares et al. reported 
that the dexmedetomidine groups showed less preoperative anxiety 
as compared to the groups receiving midazolam.9,10 These results 
are in contrast to studies from Fazi et al., and Kumari et al., showing 
that the midazolam was superior in reducing anxiety as compared 
to clonidine11 and dexmedetomidine.12 In sum, the literature on 
reducing preoperative anxiety in preschool children is sparse with 
diverging results.

In this study, we aimed to compare the effect of three differ-
ent premedication regimens on preoperative anxiety and sedation 
in preschool children scheduled for elective ear- , nose- and- throat 
(ENT) surgery. We hypothesized that midazolam is superior in re-
ducing preoperative anxiety compared to alpha- 2- agonists and that 
the three groups have equal ability to provide sedation in preschool 
children.

2  |  METHODS

2.1  |  Study design

A double- blinded randomized clinical trial of pediatric patients was 
conducted according to the Good Clinical Practice (GCP) (Guideline 
for GCP E6(R2) EMA/CHMP/ICH/135/1995) (Products, 2018). The 
study was approved by the Regional Ethic Review Board in Umeå 

(Dnr 2016- 46- 31 M, March 30, 2016, chair: A Iacobæus) and the 
Swedish Medical Products Agency (Dnr 5.1- 2016- 17854, May 13, 
2016), and registered as EudraCT 2015- 003676- 70. The complete 
protocol is available upon request from the authors. This paper ad-
heres to the consolidated standards of reporting trials (CONSORT) 
guidelines.

2.2  |  Participants

The trial was planned to include 150 children and was conducted at 
Sunderby Hospital, Luleå, Sweden. The inclusion criteria comprised: 
age, 2−6 years; both sexes; American Society of Anesthesiologists 
Physical Status (ASA- PS) I−II; weight, ≤30 kg; scheduled for elective 
ENT surgery; primarily tonsillotomies/tonsillectomies and adenoto-
mies/adenectomies; and written informed consent obtained from 
their parents. The exclusion criteria comprised: ASA- PS >II; heart, 
lung, neurologic, or central nervous system disorders; use of psycho-
tropic medication; or history of recent surgery.

2.3  |  Investigated medical products and regime

The participants were randomized into three intervention 
groups: oral midazolam (MID) 0.5 mg/kg 40 min preoperatively 
(Midazolam, APL Stockholm, 1 mg/ml), oral clonidine (CLO) 4 µg/
kg 60 min preoperatively (Klonidin, APL Stockholm, 20 µg/ml), or 
intranasal dexmedetomidine (DEX) 2 µg/kg 40 min preoperatively 
(Dexdor®, Orion Pharma, 100 µg/ml). The doses, route of admin-
istration, and timing were chosen based on previously published 
pharmacokinetic data and were chosen to be within a safe and 
clinically relevant window.5,8,13,14 Compared with intranasal ad-
ministration, oral administration of dexmedetomidine has poor 
bioavailability (65% vs. 16%).15,16 Both oral midazolam5 and intra-
nasal dexmedetomidine8,13 have a faster onset, compared with 

What is already known?

Dexmedetomidine and clonidine are widely used in chil-
dren and are replacing midazolam as the drug of choice for 
preoperative anxiolysis and sedation. However, there are 
limited studies comparing interventions in young children 
using validated age- appropriate instruments.

What this article adds

In this randomized clinical trial, using validated instruments 
for measurement of anxiety and sedation in preschool chil-
dren aged 2−6 years, showed that midazolam was superior 
in reducing preoperative anxiety, while the modern alpha- 
2- agonist, clonidine, and dexmedetomidine, provided 
deeper sedation.
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oral clonidine (30−40 min vs. 60 min, respectively).5,8,14 Therefore, 
clonidine was administered 20 min earlier than midazolam and 
dexmedetomidine.

2.4  |  Consent, randomization, and blinding

Signed informed consent was obtained from the parents upon the 
child's arrival at the day care unit. All children were accompanied 
by a parent throughout the preoperative period and one parent was 
allowed to attend during induction of anesthesia.

Randomization was performed by opening a sequentially num-
bered envelope containing the group assignment. The envelopes 
were prepared by an independent statistician using the randomiza-
tion function in Microsoft Excel, with randomization in blocks of 15.

A nurse, independent from the research team and data collec-
tion, administered the study drugs. All children first received oral 
fluid (clonidine or sterile water); 20 min later, intranasal fluid was 
administered using a mucosal atomization device (MAD Nasal™, 
Teleflex, USA; dexmedetomidine or 0.9% NaCl), followed by oral 
fluid (midazolam or sterile water; Figure 1). The interventions were 
triple- blinded; that is, blinded for the patient, care providers, and 
researchers.

2.5  |  Background and baseline

Immediately after inclusion, the patients’ background informa-
tion was collected, and baseline assessments were performed. No 
questions were addressed directly toward the child. The parents 
were asked about their child's anesthetic experience, in what way 
they had prepared their child for anesthesia (preoperative infor-
mation, dichotomized into “yes” or “no”), and to grade their child's 
anxiety level at home due to surgery, using a self- devised four- 
grade scale (not worried, somewhat worried, worried, and very 
worried; dichotomized into “not worried” or “worried” [“some-
what” to “very”]).

2.6  |  Endpoints and timing

The primary endpoint was anxiety at anesthesia preparation, and 
the secondary endpoints were distress during peripheral venous 
catheter (PVC) insertion, compliance at induction, and level of seda-
tion. The timing of the measurement is shown in Figure 1.

2.7  |  Data collection and tools

To minimize interrater variability, one person in the research team 
(ÅB) collected all data. The researcher was not responsible for ad-
ministering clinical anesthesia or providing care for the patients. The 
researcher was trained through reading, learning, and testing the in-
struments during normal clinical encounters, followed by pilot runs 
of the complete protocol.

2.8  |  Anxiety as measured by mYPAS

Anxiety was measured at the time of arrival in the day care unit (base-
line) and during anesthesia preparation in the operating theater. The 
level of anxiety was assessed using the validated Swedish version of 
the modified Yale Preoperative Anxiety Scale (mYPAS), containing 
27 items in five categories (activity, emotional, expressivity, state of 
arousal, vocalization, and use of parents), representing five domains of 
anxiety.17,18 The mYPAS scale ranges from 0 to 100 points, with higher 
scores signifying higher levels of anxiety. The score is normalized for 
the different number of steps in the items and also accounts for non-
observable items. The instrument assesses the children's anxiety dur-
ing the perioperative period, has good- to- excellent observer reliability, 
with high concurrent and construct validity.17,18 Before the mYPAS was 
developed, the State- Trait Anxiety Inventory for Children (STAI- CH) 
was used as the golden standard. A validation study showed that in 
children aged 5−12 years, an mYPAS score >30 for anxiety had a posi-
tive predictive value of 79%, which corresponded to an STAI- CH score 
of >37, with only 6% false- positives and 4% false- negatives.18

F I G U R E  1  Setting and timeline
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2.9  |  Distress during PVC insertion as measured 
by BDS

Distress during PVC insertion was assessed on a five- point behavio-
ral distress scale (BDS), with zero denoting no response.19 To mini-
mize the pain associated with PVC insertion, all children received a 
topical anesthetic (EMLA® 25 mg/25 mg, Astra Zeneca, Stockholm) 
that was applied 60 min before needle insertion.20

2.10  |  Compliance at induction as measured 
using the induction compliance checklist (ICC)

The child's compliance to the face mask during preoxygenation be-
fore anesthesia induction was measured using the ICC. The ICC ob-
servational scale has shown good reliability, containing 10 negative 
behavioral items, with 0 p representing a perfect induction with no 
negative behaviors due to fear or distress.21

2.11  |  Sedation as measured by RSS

Sedation status was measured using the Ramsay sedation scale (RSS) 
at baseline, at 40, 50, and 60 min after the first premedication, and 
during anesthesia preparation for the surgery. This scale includes 
the following categories: 1, anxious, restless, or agitated; 2, coop-
erative; 3, responds to commands only; and 4−6, different levels of 
unconsciousness, where 6 indicates no response to a light glabellar 
tap or loud auditory stimulus. Higher scores denote higher levels of 
sedation.22,23

2.12  |  Induction of anesthesia

Anesthesia was induced using a standardized protocol. First, a bolus 
of atropine (0.01 mg/kg) was administered, continued by a 1- min in-
fusion of remifentanil (2– 3 µg/kg), and a 2- min infusion of propofol 
3– 5 mg/kg infused for 2 min until the child was asleep. If an intra-
venous line could not be established, either for technical reasons, or 
due to child discomfort (BDS >3), an alternative rescue anesthesia 
induction was initiated with inhalation of oxygen/nitrous oxide (1:1) 
mixed with 8% sevoflurane using a face mask.

2.13  |  Statistical analysis

A sample size of minimum 102 participants was calculated using 
the mean (27.30) and standard deviation (6.24) from the method 
reported by Wright et al.,24 and was modeled to detect a mean 
difference of ≥4 in the mYPAS among the three groups (F- test, om-
nibus, one- way, alpha = 0.05%; power =80%) using the G*Power 
software.25 To adjust and compensate for uncertainties in the 
power calculation and to account for drop- outs, the study was 

designed to include 150 participants. As the initial power calcu-
lation was based upon uncertain data, the protocol included an 
interim analysis to analyze the variance in the primary outcome 
variable after more than half of the patients were included. During 
the study period, the procedure was relocated to another hospital, 
which severely impeded recruitment for the study. After the inclu-
sion of 90 patients (six randomization blocks), an interim analysis 
was performed in collaboration with an independent statistician 
and the three study groups were compared. The variance in the 
primary endpoint variable was <70% of the variance on which the 
power analysis was based upon. The analysis concluded that the 
primary study objectives could be answered, and after a discus-
sion with the monitoring authority, a decision was taken to con-
clude the study.

After all study data were entered in the database and had been 
validated according to the GCP guidelines, the study database was 
locked, and the complete randomization code was broken.

Data are reported as numbers, means ± standard deviation, 
or medians (interquartile range, IQR). For the nominal and or-
dinal variables, the Kruskal−Wallis test was used to analyze the 
differences between the groups, and one- way analysis of vari-
ance (ANOVA) was used for the continuous variables. After the 
Kruskal−Wallis test, pairwise comparison between the groups was 
performed using the SPSS procedure that adjusts the significance 
level using the Bonferroni correction for multiple tests. For re-
peated measurements of the RSS and mYPAS, within- group dif-
ferences over time were analyzed with using the Related- Samples 
Wilcoxon Signed Rank test. The Pearson's correlation was used to 
analyze the correlations among age, mYPAS, and RSS. Statistical 
analyses were performed using SPSS (IBM Corp. Released 2018. 
IBM SPSS Statistics for Mac, Version 26.0. Armonk, NY: IBM 
Corp.).

3  |  RESULTS

3.1  |  Participant recruitment

Two hundred and thirty- nine children scheduled for ENT surgery 
were screened for eligibility; among them, 90 children were enrolled 
in the study from February 2017 to May 2019. Six children were ex-
cluded from the analysis due to a refusal to the study drugs (CLO: 
n = 3; MID: n = 3). The final study cohort consisted of 84 children 
(Figure 2).

The patient characteristics are summarized in Table 1. The av-
erage age of the included children was 4.3 ± 0.9 years. There were 
no differences among the three groups in the distribution of boys 
and girls, demographic characteristics, preoperative training, or 
the parental rating of the children's worry and concern regarding 
the upcoming surgery. The time from administration of the study 
drug to the initiation of anesthesia induction was 60 ± 18 min, 
84 ± 20 min, and 56 ± 18 min in the MID, CLO, and DEX groups, 
respectively.
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3.2  |  Primary outcome: anxiety

There were no differences in the mYPAS score at baseline between 
the groups (Figure 3, Table 2). During anesthesia preparation, the 
mYPAS score increased compared to the baseline in both the CLO 
(p = 0.016) and DEX (p = .007) groups, while no change was observed 
in the MID group. None of the five categories/domains of anxiety in 
the mYPAS showed any significant differences when comparing the 
groups at baseline or at anesthesia preparation (Table S1).

In the entire study population (n = 84), a negative correlation 
was observed between age and mYPAS during anesthesia prepara-
tion (r = −.26, p = .019), indicating that the high mYPAS scores were 
predominately among the younger children.

3.3  |  Secondary outcome: distress during PVC and 
induction compliance

Neither the BDS (MID, 1.4 ± 0.6; CLO, 1.3 ± 0.7; DEX, 1.2 ± 1.0; 
p = .17) nor ICC (MID, 0.4 ± 1.3; CLO, 1.6 ± 1.7; DEX, 0.6 ± 1.6; 
p = .87) showed any significant differences between the groups. 
During PVC insertion, >80% of the children had a BDS score of 0 
(MID n = 21, 78%; CLO n = 22, 81%; DEX n = 25, 83%), and >80% 
had an ICC score of 0 during preoxygenation (MID, n = 23, 85%; 
CLO, n= 22, 81%; DEX, n = 24, 80%).

3.4  |  Secondary outcome: sedation

The baseline assessment of the RSS showed no significant dif-
ferences between the groups. Sixty minutes after the first study 
intervention (clonidine or placebo), with all participants given 
an active premedication, the CLO and DEX groups had a higher 
RSS score compared to the MID group (MID, 2.26 ± 0.45; CLO, 
3.56 ± 1.12; DEX, 4.03 ± 0.72; p < .001; Figure 4). Compared 
to the observations at 60 min, seven (26%) children in the CLO 
group and four (13%) in the DEX group had a decreased RSS 
score from 4 to 2 during anesthesia preparation in the operating 
theater. These children had a higher median mYPAS score com-
pared with those who did not have a decrease in the RSS score 
(50 [IQR, 15] vs. 23 [IQR, 0]; p < .001). There was a positive cor-
relation between age and RSS at 40 min (r = −.248; p = .023); 
however, no correlation was observed at 50 min, 60 min, or at 
anesthesia preparation.

3.5  |  Rescue induction of anesthesia

In 75 children, anesthesia was induced intravenously according to 
the study protocol, while in nine children, the rescue inhalational 
method was required (MID, n = 2; CLO, n = 3; and DEX, n = 4; not 
significant).

F I G U R E  2  CONSORT flowchart

Lack of research staff operation day (n=100)
Declined to participate (n=4)
Not meeting inclusion criteria (n=40)
Removed from operation programme (n=5)

Assessed for eligibility (n=239)

Randomized (n=90)

Allocated to intervention (n=30) Allocated to intervention (n=30)
Allocated to intervention (n=30)

Received allocated intervention (n=27)
Did not receive allocated intervention 

(refused to take medication; n=3)
Received allocated intervention (n=30)

Received allocated intervention (n=27)
Did not receive allocated intervention 

(refused to take medication; n=3)

Enrollment

Allocation

Intervention

CLO DEXMID

Analysed preoperative period (n=27) Analysed preoperative period (n=30)Analysed preoperative period (n=27)Analysis
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4  |  DISCUSSION

In this randomized study evaluating anesthetic premedication in 
preschool children (2−6- years), midazolam was better in reducing 
preoperative anxiety, while sedation, as secondary outcome, was 
better achieved with clonidine and dexmedetomidine. The compli-
ance with administration of premedication was best with the intra-
nasal route (dexmedetomidine) with no child refusal, while one out 
of 10 children rejected the oral route (midazolam and clonidine).

In our study, the children that received midazolam had no in-
crease in anxiety from baseline until anesthesia preparation, while 
the children in both the clonidine and dexmedetomidine groups ex-
perienced an increase in anxiety. Fazi et al.11 used the mYPAS to esti-
mate preoperative anxiety in children aged 4−12 years and observed 

a similar result, with higher levels of anxiety following 4 µg/kg clon-
idine administration, compared with administration of 0.5 mg/kg 
midazolam. However, these results are in contrast with those in the 
reports from Segovia et al.10 and Neville et al.,9 who observed that 
premedication with intranasal dexmedetomidine was more effective 
than oral midazolam in reducing preoperative anxiety, measured 
using the mYPAS, in pediatric patients (2−12 years and 1−5 years, 
respectively). The discrepancy between the studies might have been 
due to the differences in the age of the population, or in the timing 
of the protocols.

As noted by Doughty in 1959, a smooth anesthesia induction 
depends on the likelihood of the establishment of a rapport be-
tween the anesthesiologist and patient.26 In younger patients 
with inadequate sedation and anxiolysis, this interaction might be 

Variable

Randomization group

p- ValueMidazolam Clonidine Dexmedetomidine

Number of patients, n 27 27 30

Sex, n (%)

Male 17 (63) 16 (59) 17 (57) .889

Female 10 (37) 11 (41) 13 (43)

Age (years) 4.2 ± 0.9 4.4 ± 0.9 4.2 ± 1.0 .550

Weight (kg) 18.3 ± 3.8 18.9 ± 3.9 17.0 ± 2.1 .072

ASA status, n (%)

I 21 (78) 21 (78) 25 (83) .832

II 6 (22) 6 (22) 5 (17)

Hospitalization, n (%)

Outpatient surgery 25 (93) 23 (85) 24 (80) .397

Inpatient surgery 2 (7) 4 (15) 6 (20)

Previous anesthesia, n (%) 3 (11) 6 (22) 4 (13) .487

Preoperative information, 
n (%)

27 (100) 26 (96) 30 (100) .344

Worry at home, n (%)

Not worried 19 (70) 22 (81) 18 (60) .208

Not very worried to 
very worried

8 (30) 5 (19) 12 (40)

Note: Values are numbers (percent) or mean ± standard deviation. The Chi- Square test was used 
for testing differences between the groups in categorical variables and ANOVA was used for 
continuous variables.

TA B L E  1  Patient characteristics 
(n = 84)

F I G U R E  3  mYPAS at Baseline in the 
daycare unit (panel A), during anesthesia 
preparation in the operation room (panel 
B), and difference baseline/anesthesia 
preparation (Delta mYPAS) (panel C). 
The box extends from the 25th to the 
75th percentiles. The whiskers are drawn 
according to Tukey. The mean is plotted 
as a +
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impeded. Around 80% of the children in our study showed no dis-
tress and were completely compliant at anesthesia induction, with 
no differences between the premedication used in the study, even 
though the mYPAS scores were significantly increased in the chil-
dren who had received dexmedetomidine or clonidine. However, 
we observed that younger preschoolers had higher mYPAS scores 
compared with older preschoolers. This might have been due to 
differences in the pharmacokinetics and pharmacodynamics, or 

an interaction with the nonpharmacological components of the 
preanesthetic milieu.

Both the alpha- 2- agonists clonidine and dexmedetomidine were 
superior in achieving sedation before anesthesia, compared with 
midazolam. We observed that the children who received midazolam 
remained cooperative and were not sedated, while both clonidine 
and dexmedetomidine induced sedation. In a meta- analysis, Pasin 
et al. used the data from 1033 children in 13 randomized trials to 
compare the level of satisfactory sedation and observed no differ-
ence between dexmedetomidine and midazolam.28 However, the 
average age of the included children was 6 years (range 2−14 years), 
compared to that of 4 years (2−6 years) in our study. Further, Schmidt 
et al. enrolled 60 preschool children (7−12 years old) in an open- label 
randomized study comparing the effect of dexmedetomidine, clon-
idine and midazolam.29 The study showed no differences between 
the groups regarding preanesthesia anxiety or sedation. However, 
notably, their study had significantly older children as compared 
to our study. Thus, the results reported here indicate that alpha- 2- 
agonists provides better sedation in children aged 2−6 years.

The differences between the drug's potential to induce sedation 
and relieve anxiety might be important, as dexmedetomidine is rap-
idly becoming the drug of choice for pediatric procedural sedation, 
such as for intravenous cannulations, magnetic resonance imaging, 
and computed tomography examinations. Furthermore, in this study, 
children who had received either clonidine or dexmedetomidine and 
were still sedated after preparing for induction, had low mYPAS 
scores. However, some of these children woke up during the transfer 

TA B L E  2  Primary and secondary outcomes

Variable

Midazolam Clonidine Dexmedetomidine p- Value

Median (IQR; min- max; n) Median (IQR; min- max; n) Median (IQR; min- max; n)
Kruskal- Wallis 
test

mYPAS

Baseline 23 (0; 23– 37; n = 30) 23 (0; 23– 45; n = 30) 23 (0; 23– 43; n = 30) .818

Anesthesia preparation 23 (0; 23– 87; n = 27) 23 (15; 23– 87; n = 27) 23 (11; 23– 82; n = 30) .061

Delta 0 (0; −13– 77; n = 27) 0 (13; −8– 67; n = 27) 0 (6; −13– 63; n = 30) .036

p- value: Baseline vs Anesthesia preparation .733 .016 .007

BDS 60 min 1 (1; 1– 3, n = 27) 1 (1; 0– 3; n = 27) 1 (0; 0– 6; n = 30) .173

ICC anesthesia preparation 0 (0; 0– 5; n = 27) 0 (0; 0– 7; n = 27) 0 (0; 0– 7; n = 30) .871

RSS

Baseline 2 (0; 2– 2; n = 30) 2 (0; 2– 2; n = 30) 2 (0; 2– 2; n = 30) 1.000

40 min 2 (0; 2– 3; n = 27) 2 (0; 3– 5; n = 27) 2 (1; 2– 4; n = 30) .435

50 min 2 (0; 2– 3; n = 27) 3 (1; 1– 5; n = 27) 4 (1; 2– 5; n = 30) .000

60 min 2 (1; 2– 3; n = 27) 4 (0; 1– 5; n = 27) 4 (0; 2– 5; n = 30) .000

Anesthesia preparation 2 (0; 2– 3; n = 27) 3 (2; 2– 5; n = 27) 4 (1; 2– 5; n = 30) .000

p- value: Baseline vs 40 min .025 .026 .002

p- value: Baseline vs 50 min .014 .001 .000

p- value: Baseline vs 60 min .008 .000 .000

p- value: Baseline vs Anesthesia preparation .025 .000 .000

Note: IQR denotes the interquartile range, that is, the difference between the 75th percentile and the 25th percentile. p- value: Baseline vs […] is the 
p- value of the related- samples Wilcoxon Signed Rank test of the difference within the group compared to baseline.

F I G U R E  4  Sedation as measured by Ramsey's Sedation Scale 
(RSS) in the daycare unit at baseline, 40, 50, and 60 min after the 
first medication, and in the operating room before induction. * 
indicates p < .05 compared to midazolam
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from the preoperative holding area to the operating room or during 
anesthesia preparation and had increased anxiety as measured with 
the mYPAS. Previous studies have shown that patients receiving 
alpha- 2- agonists, particularly dexmedetomidine, are easily aroused 
from sedation through external stimulation.27,30 Furthermore, Yuen 
et al. showed that after intranasal administration of 1 µg/kg dex-
medetomidine, sedation peaked at 60 min after administration and 
satisfactory behavior decreased after this peak,14 indicating that 
when the sedative effect of dexmedetomidine wears off, so does 
the calming effect on the child.

The differences in acceptance between the studied drugs, with 
10% rejection of oral clonidine and midazolam and no rejection of 
intranasal dexmedetomidine, is in line with previous publications. 
Intranasal dexmedetomidine is generally accepted by children, and 
several authors have reported no rejections.8,14 Almenrader et al.5 
compared the effectiveness of midazolam per os and clonidine per 
os before mask induction and observed that 14% of the children 
rejected midazolam, whereas none of them rejected clonidine. This 
contrasts with our findings that both drugs had a similar rejection 
rate.8,14 Flavored preparations of the drugs might be used to in-
crease compliance for the oral premedications.31

4.1  |  Strength, limitations, and future research

To increase the generalizability of our results, we included chil-
dren from among the normal patient influx at a county hospital. 
Furthermore, we used block randomization; therefore, the study 
groups had similar characteristics (Table 1). The strengths of our 
study also include the narrow age spectrum of population and the 
use of validated instruments, adapted and developed for use in 
children, to validate the interventions in the perioperative period. 
Further, we used the mYPAS as it is an observation instrument de-
veloped specifically to enable measurement of preoperative anxiety 
in children.18 Kain et al. compared the mYPAS against the STAI- CH, 
which is the golden standard, in children aged 5−12 years and 
showed an acceptable concurrent validity between the two (p = .01; 
r = .79) and good inter-  and intra- observer reliability. In addition to 
being reliable and validated, the mYPAS has several other impor-
tant features. First, it can be applied to all children aged >2 years. 
Second, because it is a structured instrument that comprises five 
domains of anxiety, it is much more sensitive to changes in anxiety 
levels than global instruments.

The limitations of this study include its single- center study 
design, early termination, and a sample size of only 90 children. 
However, there were uncertainties regarding the calculated sam-
ple size prior to the start of the study, and an interim analysis was 
incorporated in the study protocol. We observed significant differ-
ences between the groups in this analysis and combined with limited 
resources, we decided to terminate the study early. It would have 
been appropriate to complete the study; however, we were unable 
to do so. Nonetheless, as we were able to draw conclusions from the 
patients included, we believe that our findings should be reported.

Furthermore, the parents were not separated from the child until 
the child was anesthetized. The transfer from the daycare unit to the 
operating room, and being moved to the operation table aroused 
some of the children, as noted with the increase in the mYPAS scores 
and decrease in the RSS scores. An optimal premedication would 
help overcome these challenges.

As the perioperative settings differ between hospitals and coun-
tries, a more optimal premedication routine can be established in the 
specific context through an increased knowledge of the drugs used. 
The results from our study contribute to this knowledge by add-
ing information from a Swedish perspective. Further, international 
multi- center studies on the optimal timing and doses for sedation 
and anxiety relief in children are warranted.

5  |  CONCLUSIONS

In preschool children aged 2−6 years, premedication with midazolam 
resulted in a more effective anxiolysis, thereby requiring less seda-
tion compared with premedication with clonidine and dexmedeto-
midine. If deeper sedation is required, dexmedetomidine, due to its 
easy administration and faster duration of onset, might be prefer-
able to clonidine in clinical use.
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