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Abstract

Background: Child anxiety before general anaesthesia and surgery is common. Midazolam is a commonly used pre-

medication to address this. Melatonin is an alternative anxiolytic, however trials evaluating its efficacy in children have

delivered conflicting results.

Methods: This multicentre, double-blind randomised trial was performed in 20 UK NHS Trusts. A sample size of 624 was

required to declare noninferiority of melatonin. Anxious children, awaiting day case elective surgery under general

anaesthesia, were randomly assigned 1:1 to midazolam or melatonin premedication (0.5 mg kg�1, maximum 20 mg) 30

min before transfer to the operating room. The primary outcome was the modified Yale Preoperative Anxiety Scale-Short

Form (mYPAS-SF). Secondary outcomes included safety. Results are presented as n (%) and adjusted mean differences

with 95% confidence intervals.

Results: The trial was stopped prematurely (n¼110; 55 per group) because of recruitment futility. Participants had a

median age of 7 (6e10) yr, and 57 (52%) were female. Intention-to-treat and per-protocol modified Yale Preoperative

Anxiety Scale-Short Form analyses showed adjusted mean differences of 13.1 (3.7e22.4) and 12.9 (3.1e22.6), respectively,

in favour of midazolam. The upper 95% confidence interval limits exceeded the predefined margin of 4.3 in both cases,

whereas the lower 95% confidence interval excluded zero, indicating that melatonin was inferior to midazolam, with a

difference considered to be clinically relevant. No serious adverse events were seen in either arm.

Conclusion: Melatonin was less effective than midazolam at reducing preoperative anxiety in children, although the

early termination of the trial increases the likelihood of bias.
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Editor’s key points

� Anxiolysis for children undergoing short day-case

surgical procedures is an important intervention.

� The findings of this randomised trial suggest mela-

tonin is less effective than midazolam for preopera-

tive anxiolysis in children.

� However, the trial was terminated early because of

recruitment fatigue, which makes the findings more

susceptible to bias.

Each year, ~487,000 children undergo general anaesthesia in

the UK.1 Perioperative anxiety in children and their accom-

panying caregivers ahead of anaesthesia and surgery is com-

mon, with up to 50% of children exhibiting distress behaviour

at the point of anaesthetic induction.2,3 High levels of preop-

erative anxiety have been linked to non-compliance in the

anaesthetic room, abandonment, and subsequent reschedul-

ing of surgery, and increased risk of adverse postoperative

outcomes such as pain, emergence delirium, and delayed

behavioural changes.2,4e7 Current methods to alleviate anxi-

ety in children include non-pharmacological interventions

such as play therapy, distraction techniques, and interactive

games, alongside a heterogeneous range of anxiolytic (and

often sedative) premedications. In the UK, those children with

high levels of anxiety are recommended a premedication to

reduce distress ahead of surgery.2 Common premedication

regimes include single dose or combination dosing of mid-

azolam, clonidine, ketamine or dexmedetomidine.8

Midazolam is a benzodiazepine and remains the most

commonly prescribed oral premedication in the UK for

anxious children before general anaesthetic.9 Although

effective at reducing anxiety, it has undesirable side-effects

including respiratory depression, oversedation/delayed

postoperative recovery, disorientation, agitation, and delir-

ium.2,10e12 Concerns have been raised with respect to the

long-term impact of sedative medications in young children,

as their repeated use has sometimes been correlated with the

subsequent manifestation of learning disabilities.13 Mela-

tonin is a native hormone involved in the regulation of the

human circadian rhythm. It acts through multiple pathways

to regulate the sleepewakecycle andenhances somnolence.14

The drug is licensed in the paediatric setting for management

of sleep onset insomnia and delayed sleep phase syndrome,

although it is often used off licence in the management of

sleep disturbances relating to learning disabilities and

behavioural challenges.15 Melatonin has been shown to be an

effective premedication before surgery in adults, with a

Cochrane systematic review concluding that the drug may be

as effective as midazolam at reducing preoperative anxiety.14

Despite evidence of melatonin’s effectiveness in the adult

population, studies in children have delivered conflicting re-

sults.2 A systematic review of preoperative melatonin use in

children was unable to confirm whether the drug was com-

parable to standard premedications, including midazolam.16

Few adverse events (AE) were found to be attributable to

melatonin, confirming the drug’s excellent safety profile in

the paediatric setting. Several limitations of the included

studies were reported, notably that trials took place in a gen-

eral paediatric preoperative population rather than selecting

for specifically anxious children.

The aim of the MAGIC trial was to evaluate the effective-

ness of melatonin compared with midazolam in the premed-

ication of anxious children before general anaesthesia with

non-inferiority methodology. The rationale for completing

this comparison on a non-inferiority basis is represented by

the improved AE profile of melatonin. Secondary trial objec-

tives include the comparison of side-effects observed with

each drug and the time to discharge.

Methods

Study design and participants

This multicentre, parallel-group, double blind, individual

participant-randomised trial took place across 20 UK NHS

Hospital Trusts. Delegated research staff identified, assented,

and randomised paediatric participants identified as anxious

on the day of surgery. Trial information was given via age-

specific patient information sheets and short video anima-

tion. Eligible participants were anxious children aged 3e14 yr,

scheduled for elective dental, ear, nose, and throat (ENT),

ophthalmology, gastroenterology, radiology, plastic, ortho-

paedic, urology, or general surgery under general anaesthetic.

As a pragmatic trial, preoperative anxiety as eligibility for in-

clusion was left to clinical judgement of the responsible

anaesthetist, as per local standard of care. This reflects

normal practice in the UK. There is no clinically validated

objective measure or universal guidance on the selection of

children for premedication in the UK, where the decision is

based on anaesthetists’ judgement. Therefore, prescribing

practice can vary from clinician to clinician. Decision-making

for premedication is undertaken at preassessment clinics, on

the morning of surgery when the anaesthetist assesses the

child, or both. Participants were American Society of Anes-

thesiologists (ASA) physical status 1 or 2 and required written

caregiver’s consent for entry into the trial.

Exclusion criteria were: children deemed non-anxious by

the responsible anaesthetist; surgery requiring inpatient

admission (non-day-case); premedication required for reasons

other than anxiety; current prescription of melatonin, mid-

azolam, or drug that contraindicated the co-prescription of

either trial medication; presence of severe learning disabilities

rendering verbal and written communication difficult; ASA

physical status 3, 4, or 5; and caregiver not consenting to

participation in the trial. This population was similar to that of

trials which assessed the efficacy of midazolam.10

Randomisation and blinding

Participants were randomly assigned in a 1:1 ratio to either

control (midazolam) or treatment (melatonin) arms. Random-

isation was computer-generated and completed using mini-

misation based on centre, surgical speciality (head and neck,
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gastroenterology and MRI, and other) and sex (male/female).

All hospitals involved in the trial were assessed before inclu-

sion by a pre-trial audit and feasibility assessment to ensure

comparability, including case lists, anaesthetic teams, use of

paediatric wards/recovery facilities, and midazolam prescrib-

ing practices. Hospitals were similar in that they were either

teaching hospitals or large district general hospitals serving

comparable general populations, with appropriate dedicated

paediatric lists from which patients were further carefully

specified by means of the trial’s inclusion/exclusion criteria.

The trial was double-blind, with the participant, clinical care

team,andassessor (researchnurseor trainedmemberofclinical

staff)all blinded totreatmentallocation.Allocationconcealment

was achieved using a centralised web-based randomisation

system, with treatment allocation revealed solely to an un-

blinded trial pharmacist for drug dispensation. Trial medication

forbotharmswassuppliedinmatchingsingle-useplasticbottles

of identical dosage strengths, raspberry flavourant, and volume.

There was a risk that the staff member administering the

Investigational Medicinal Product (IMP)may becomeunblinded;

either through observing the child’s taste reaction as a result of

midazolam being associated with unfavourable taste/rejec-

tion17; or as a result of the visible signs linked to midazolam’s

sedative effect.2 The IMP was administered by a separate nurse

whowasnot involved inoutcomeassessments.2All participants

were transferred to theatre via trolley with the benefit of con-

cealing the sedative effects of midazolam.

Data collection

A series of anxiety and recovery measures, for both child

participants and their caregivers, were administered on the

day of surgery (pre- and post-surgery) and 14 days post-

discharge. Figure S1 in Supplementary material (File 2) out-

lines the participant journey, stages of assessment, and time

points at which data were gathered throughout the trial

(including State Trait Anxiety Inventory [STAI] question-

naire18; Cooperation Score19; Quality of Life Child Health Util-

ity 9D [QoL CHU9D] questionnaire20; Revised Faces Pain Scale

[FPS-R observer and participant reported]21; Paediatric

Anaesthesia Emergence Delirium scale [PAED] index22; Van-

couver Sedation Recovery Scale [VSRS]23; and Post Hospitali-

zation Behaviour Questionnaire for Ambulatory Surgery

[PHBQ-AS]24). Participants were cared for on a dedicated pae-

diatric ward by dedicated paediatric staff. Modified Yale Pre-

operative Anxiety Scale (mYPAS) assessors were paediatric

nursing staff, paediatric research nurses, or anaesthetists, all

of whom had received appropriate training and had relevant

expertise and experience.

Interventions

Participants were allocated to receive either melatonin or

midazolam 0.5 mg kg�1, with a maximum allowed dose of 20

mg, similar to other trials which assessed the efficacy of

midazolam.2 The blinded IMP was administered orally as a

single measured dose via syringe, 30 min before transfer to

theatre by a trained healthcare professional. If the participant

rejected the premedication because of taste, a suspected

unblinding was recorded. In cases of rejection, the responsible

anaesthetist determined whether re-dosing was required.

Participants who required re-dosing were withdrawn from the

trial. All formal and suspected cases of staff unblinding were

recorded (See Supplementary material (File 3)).

Primary outcome measuredmodified Yale
Preoperative Anxiety Scale-Short Form

The primary endpoint wasmodified Yale Preoperative Anxiety

Scale-Short Form (mYPAS-SF) score (adjusted for baseline)

measured over the three consecutive, standard preoperative

time points recommended for the scale: start of transfer to

theatre, entry into anaesthetic room, and administration of

anaesthesia. The mYPAS-SF is the current gold standard for

assessing child anxiety during induction of anaesthesia.25,26

Assessors received training to minimise inter-examiner vari-

ability via an e-learning package developed by University

College London (UCL, Little Journey trial).27 Further details on

the training are provided in Supplementary material (File 4).

Secondary outcome measures

A selection of secondary outcome measures were recorded to

further assess participant and caregiver preoperative anxiety

and postoperative child recovery, including; anaesthetic fail-

ure, Cooperation Score, FPS-R observer and participant re-

ported, caregiver STAI questionnaire, VSRS, and PAED index.

At 2 weeks post-surgery, longer-termmeasures of anaesthetic

impact were assessed using the PHBQ-AS and QoL CHU9D.

Sample size

The sample size, based onmYPAS-SF over all three time points

whilst adjusting for baseline (assumed correlation 0.5),28 was

624 participants. This assumed 90% power, 2.5% one-sided

alpha, standard deviation of 25,29 5% attrition and a non-

inferiority margin of 4.3. A noninferiority margin of 4.3 was

established using preceding work by Jenkins and colleagues,26

who found a clinically meaningful difference to be 12.9 on the

mYPAS scale. One-third of the score was agreed a suitable

non-inferiority margin.30

Statistical analysis

All of the statistical analysis was performed according to the

MAGIC Statistical Analysis Plan31 which was written before

the decision to close the study early because of recruitment

futility. Participants were included in intention-to-treat (ITT)

analyses if they had completed baseline mYPAS-SF and at

least one follow-up mYPAS-SF measure. The per-protocol (PP)

analysis population comprised all randomised participants

who took a complete dose of study drug within the allowed

time window (20e75min pre-transfer), with nomajor protocol

deviations. Participants were analysed based on the treatment

they were randomised to in both analysis populations. The

primary outcome was analysed using a linear mixed effects

model with treatment, follow-up time point, baseline score,

sex, surgical speciality group and centre as fixed effects, and

participant as a random intercept. Non-inferiority would be

declared if the upper limit of the 95% confidence interval (CI) of

the adjusted mean difference (melatonin vs midazolam) did

not exceed the predefined non-inferioritymargin of 4.3.2Other

continuous, longitudinal secondary outcomes were analysed

in the same way. The number and proportion of participants

experiencing at least one AE were summarised for each

treatment group. AEs were recorded for all participants who

had received at least some of the study drug and were allo-

cated on the basis of treatment received. The statistical anal-

ysis is reported according to CONSORT guidelines extension

for pragmatic and noninferiority trials.2,32
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Approvals

The full MAGIC trial protocol is available via the University of

Sheffield data repository, ORDA.2 Patient and public involve-

ment (PPI) was incorporated throughout the trial, in both the

design phase and study implementation. Protocol amendments

during the trial are provided in Supplementary Table S1 in

Supplementary material (File 5). The trial was approved by Liv-

erpoolCentralNRESCommittee (RECreference18/NW/0758)and

receivedMedicines and Healthcare products Regulatory Agency

(MHRA) approval (21304/0267/001-0001). Sheffield Clinical Trials

ResearchUnit (CTRU) coordinated follow-up and data collection

in collaboration with the trial centres.

Results

Early closure

The MAGIC trial opened to recruitment in July 2019. In early

2020, the COVID-19 pandemic severely disrupted the trial,

which was halted and then reopened to recruitment in

October 2020, closed again in February 2021, and re-opened

Screened (n=568)
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Interested (n=114)

Consented (n=112)

Not consented (n=2)

� Unknown (n=2)

Not randomised (n=2)

� System not working (n=1)

� Withdrawn (n=1)

Excluded (n=454)

� Carer not interested/unable  (n=59)

� Child not interested/unable  (n=16)

� Not approached - lack of RN time (n=71)

� Not eligible (n=139)

� Pharmacy not available (n=36)

� Anaesthetist decision (n=75)

� PI not available (n=7)

� Time restrictions (e.g. because of surgery slot)

  (n=29)

� Other (n=22)

Randomised (n=110)

Allocated to midazolam (n=55)

� Did not receive allocated intervention (n=5)

� Received allocated intervention (n=50)

Withdrew before surgery (n=7)

� Decision to withdraw (n=5)

� Withdrew consent (n=2)

Withdrew after surgery (n=8)

� Lost to follow-up (n=8)

mYPAS-SF scores available

for primary analysis (n=46)

Received surgery (n=48)

Completed the study (n=40)

Allocated to melatonin (n=55)

� Did not receive allocated intervention (n=6)

� Received allocated intervention (n=49)

Withdrew prior to surgery (n=8)

� Decision to withdraw (n=7)

� Withdrew consent (n=1)

Withdrew after surgery (n=10)

� Lost to follow-up (n=10)

mYPAS-SF scores available

for primary analysis (n=48)

Received surgery (n=47)

Completed the study (n=37)

Fig 1. CONSORT flow diagram. mYPAS-SF, modified Yale Preoperative Anxiety Scale-Short Form; PI, principal investigator; RN, research

nurse.
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again in June 2022. However, the ongoing pandemic led to

challenges in drug supply, paediatric elective surgery list re-

covery (post-COVID), and therefore trial recruitment. With

agreement from the trial steering committee and the trial

funders, the trial was terminated early in November 2022, on

the grounds of recruitment futility. A total of 110 participants

were recruited to the trial; the original sample size was 624.

Barriers to the recruitment of anxious children undergoing

day-case surgery are discussed elsewhere.33

Recruitment, randomisation, and withdrawal

Between July 30, 2019 and November 9, 2022, 110 participants

were randomised across 17 centres; 55 to receivemelatonin and

55 to receive midazolam (Fig. 1). Baseline characteristics for

these participants are summarised in Table 1. The mean age of

participants was 7.9 yr (standard deviation [SD] 2.6). Median

baseline mYPAS-SF was 29.2 (inter-quartile range [IQR]

22.9e45.8) with a chance imbalance between the two arms.

Figure 1 illustrates a CONSORTflowdiagramof recruitment into

the trial. Fifteen participants withdrew post-randomisation;

reasons are summarised in Supplementary Table S2 provided

in Supplementary material (File 6). A further 18 participants

were lost to follow-up at 14 days. For the latter group all preop-

erative and immediate postoperative measures, including

mYPAS-SF scores,were collectedwithhighfidelity. Preoperative

reasons forwithdrawal classed as ‘other’ includedunacceptable

pharmacy delays in IMP dispensation and participant refusal to

take the IMP. For withdrawn participants, where available, data

were included in the analyses. The IMPwas administered to 90%

of participants (99/110). Taste rejection of IMP occurred in two

(4%) cases in the midazolam arm and four (7%) cases in the

melatonin arm. The IMP was administered outside of the rec-

ommendedwindow (20e75min) in two participants, both in the

melatonin arm (Fig. 2).

Primary outcome measure (mYPAS-SF)

The primary outcome measure, mYPAS-SF, was completed at

baseline and at least one follow-up time point for 94 partici-

pants (86%), with all data included in the ITT analysis. Six

participants (6%) were excluded from the PP analysis. The

adjusted mean difference in mYPAS-SF scores for melatonin

vs midazolam was 13.1 (95% CI 3.7e22.4) in favour of mid-

azolam for the ITT population and 12.9 (95% CI 3.1e22.6) for

the PP population (Fig. 3). In both analyses, the upper and

lower limits of the 95% CI exceeded the prespecified non-

inferiority margin (4.3), providing evidence that melatonin

was inferior to midazolam in reducing preoperative anxiety in

the trial population (Fig. 3).

Secondary outcome measures

Full results from all of the secondary outcomes can be found in

Supplementary Table S3 and S4 provided in Supplementary

material (File 6). Three anaesthetic failures occurred (two

Table 1 Baseline characteristics of randomised participants. Select percentages may not sum to 100 because of rounding. Assessed
numbers are given where data were not available for the whole population. ENT, ear, nose, and throat; IQR, inter-quartile range;
mYPAS-SF, modified Yale Preoperative Anxiety Scale-Short Form; STAI, State Trait Anxiety Inventory.

Midazolam Melatonin

N¼55 N¼55

Age, yr Median (IQR) 8.0 (6.0e10.0) 7.0 (6.0e9.0)
Sex, n (%) Male 26 (47) 27 (49)

Female 29 (53) 28 (51)
Height, cm n 33 41

Median (IQR) 130.0 (119.0e146.0) 132.0 (118.0e144.0)
Weight, kg n 54 55

Median (IQR) 29.5 (21.6e42.2) 27.7 (22.1e40.8)
Baseline mYPAS-SF scor n 53 55

Mean (SD) 30.54 (11.01) 37.80 (14.68)
Ethnicity, n (%) English/Welsh/Scottish/Northern Irish/British 52 (95) 50 (91)

Indian 0 (0) 1 (2)
Pakistani 0 (0) 1 (2)
White and black Caribbean 0 (0) 1 (2)
White and Asian 0 (0) 1 (2)
Any other white background 1 (2) 0 (0)
African 0 (0) 1 (2)
Missing 2 (4) 0 (0)

Surgical speciality, n (%) Dental 39 (71) 33 (60)
ENT 8 (15) 8 (15)
Ophthalmology 7 (13) 11 (20)
Gastroenterology 0 (0) 1 (2)
Urology 0 (0) 1 (2)
Other general surgery, specify 1 (2) 1 (2)

ASA physical status, n (%) ASA 1 44 (80) 45 (82)
ASA 2 10 (18) 10 (18)
Missing 1 (2) 0 (0)

Caregiver STAI
S-anxiety

n 54 53
Median (IQR) 39.0 (30.2e47.0) 42 (29.0e48.0)

Caregiver STAI
T-anxiety

n 55 56
Median (IQR) 38 (27.5e45.0) 34.0 (27.8e45.2)

The MAGIC trial - 5



melatonin arm, one midazolam arm). Median anaesthetic

turnaround time was 43 min (IQR: 27e65 min). A log trans-

formation was used when fitting the analysis model, because

of the skewness of the data. The adjusted mean ratio was 1.01

min (95% CI 0.8e1.3 min) for melatonin compared with mid-

azolam for the ITT analysis population.

Post-surgery, PAED index decreased over time from amean

score of 11.6 (SD: 3.1) at 15 min to 2.2 (SD: 3.3) at 2 h across all

participants. The number of participants with available scores

also decreased over time (from 79 to 32) because of hospital

discharge readiness. Joint modelling of PAED index with time

to discharge readiness shows an adjusted mean difference

over time of �0.70 (95% CI �2.04 to 0.64) in favour of mid-

azolam compared with melatonin.

VSRS scores increased over time from a mean score of 13.7

(SD: 5.0) at 15 min to 20.4 (SD: 3.4) at 2 h. However, as with PAED

index, the number of participants with available scores also

decreased (from 35 to 27). Joint modelling of VSRS score with

time to discharge readiness shows an adjusted mean differ-

ence of 0.12 (95% CI �1.57 to 1.81) in favour of melatonin

compared with midazolam (summarised in Supplementary

Table S3 provided in Supplementary material (File 6)).

Adverse events

Of the participants receiving the IMP (99/110, 90%), 22 (22%)

had at least one AE (Table 2). More AEs were seen in the

midazolam arm compared with the melatonin arm (23 vs 11).

Most AEs were mild (grade 1) (30/34; 88%) and required no

action (21/34; 62%). There were no serious AE (SAEs) reported

for the trial.

Discussion

Here we report the first multicentre, randomised trial of

melatonin vs midazolam to be undertaken in a specifically

anxious child population before general anaesthesia. A

marked decrease in the primary outcome measure, adjusted

mYPAS-SF, was observed in the midazolam group, refuting

non-inferiority between groups and showing inferiority of

melatonin compared with midazolam as an anxiolytic pre-

medication in children. There was a chance imbalance in

baseline mYPAS-SF scores in favour of midazolam; the anal-

ysis accounted for any bias this may have introduced by

looking at adjusted scores rather than raw score, ensuring that

the observed inferiority of melatonin relative to midazolam is

22.9

Baseline Start of transfer
to theatre

Entry to
anaesthetic room

Induction of
anaesthesia

40.0

60.0

80.0

100.0

m
YP

A
S-

SF
 s

co
re

Time point
Group Midazolam Melatonin

Fig 2. Boxplots of mYPAS-SF scores at each time point by treatment group. mYPAS-SF, modified Yale Preoperative Anxiety Scale-Short

Form.

PP1
12.9 (3.1, 22.6)

NI margin = 4.3

ITT

–10 0

Favours melatonin

Adjusted mean difference (95% CI)
10 20

13.1 (3.7, 22.4)

Favours midazolam

Fig 3. Adjusted mean difference in mYPAS-SF of melatonin

compared with midazolam from the primary analysis models.

(Mean [standard deviation]) mYPAS-SF scores and adjusted

mean differences from the primary analysis model for each

analysis population located in Supplementary Table S5 provided

in Supplementary material (File 6). ITT, intention-to-treat;

mYPAS-SF, modified Yale Preoperative Anxiety Scale-Short

Form; NI, noninferiority; PP, per-protocol.
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a reliable finding. Moreover, the trial protocol pre-specifying

the use of adjusted mYPAS-SF as a primary outcome measure

rather than absolutemYPAS-SF value, is less susceptible to the

baseline fluctuation in mYPAS-SF encountered between

groups. Reassuringly, despite the chance variation in baseline

mYPAS-SF scores, all other baseline characteristics of trial

participants, along with potential confounders such as post-

randomisation trial withdrawals, were comparable in both

melatonin and midazolam arms (Table 1 and provided in

Supplementary material (File 6)).

The magnitude of difference in adjusted mYPAS-SF

observed in the midazolam group compared with melatonin

was a consistent finding throughout all three time points

(transfer, entry into anaesthetic room, and anaesthetic in-

duction). Consequently, both ITT and PP analyses delivered

95% CI heavily skewed in favour of midazolam (Fig. 3), with

both adjusted mean difference and upper CI limits well

exceeding the prespecified non-inferiority margin of 4.3, and

lower CI fully excluding zero. Therefore, despite limitations in

recruitment, we conclude a clinically meaningful26 difference

in effectiveness of midazolam compared with melatonin. This

finding conflicts with a number of previous, smaller trials,34e38

and is likely accounted for by the fact that only specifically

anxious children were recruited to this trial. Conversely, pre-

vious trials that included non-anxious child participants are

likely to have introduced a significant source of dilution of true

effect size in both midazolam and melatonin groups, ac-

counting for the observation of drug comparability.

The MAGIC trial gathered a number of secondary outcomes

to assist with triangulation of those properties of a favourable

premedication that may not be directly linked to anxiolytic ef-

ficacy. Regarding all secondary outcomemeasures, our findings

are underpowered and so care should be taken with their

interpretation. Midazolam’s clinical profile led to a pre-trial

assumption that postoperative recovery would be more

impaired in comparison to the melatonin group, although trial

measures of sedation recovery (VSRS) and emergence delirium

(PAED index) demonstrated no such difference between groups

(Fig. 4). No increase in anaesthetic recovery time was observed

in midazolam compared with melatonin, challenging a

common-heldassumption that premedicatingwithmidazolam

leads to delayed recovery following-general anaesthesia.

Table 2 Number of adverse events and proportion of participants with at least one adverse event.

Midazolam Melatonin

Events Individuals Events Individuals

N¼50 N¼49

All AEs, n (%) 23 13 (26) 11 9 (18)
Intensity, n (%) Mild 22 13 (26) 8 7 (14)

Moderate 1 1 (2) 3 3 (6)
Relationship to
study drug, n (%)

Reasonable possibility of being related 1 1 (2) 0 0 (0)
No reasonable possibility of being related 17 11 (22) 8 6 (12)
Not assessable 5 4 (8) 3 3 (6)

Action taken, n (%) None 14 10 (20) 7 6 (12)
Other 6 5 (10) 1 1 (2)
Specific treatment 3 3 (6) 3 3 (6)

Outcome, n (%) Recovered 20 12 (24) 11 9 (18)
Not recovered 2 2 (4) 0 0 (0)
Recovered with sequelae 1 1 (2) 0 0 (0)

Preferred term, n (%) Agitation 0 0 (0) 1 1 (2)
Anxiety 2 2 (4) 0 0 (0)
Bradypnoea 1 1 (2) 0 0 (0)
Emotional distress 1 1 (2) 2 2 (4)
Epistaxis 1 1 (2) 1 1 (2)
Flushing 1 1 (2) 0 0 (0)
Haemorrhage 2 2 (4) 1 1 (2)
Hypotension 2 2 (4) 0 0 (0)
Infection 0 0 (0) 1 1 (2)
Nausea 1 1 (2) 0 0 (0)
Nightmare 1 1 (2) 0 0 (0)
Pain 5 5 (10) 3 3 (6)
Syncope 1 1 (2) 0 0 (0)
Tachypnoea 1 1 (2) 0 0 (0)
Vomiting 3 3 (6) 2 2 (4)
Wound dehiscence 1 1 (2) 0 0 (0)

System organ class, n (%) Gastrointestinal disorders 4 4 (8) 2 2 (4)
General disorders and administration site
conditions

4 4 (8) 3 3 (6)

Infections and infestations 0 0 (0) 1 1 (2)
Injury, poisoning, and procedural complication 1 1 (2) 0 0 (0)
Investigations 1 1 (2) 0 0 (0)
Nervous system disorders 1 1 (2) 0 0 (0)
Psychiatric disorders 4 4 (8) 3 3 (6)
Respiratory, thoracic, and mediastinal disorders 3 3 (6) 1 1 (2)
Vascular disorders 5 5 (10) 1 1 (2)
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Indeed, the limited available literature suggests only minor

delays in the order of 4e10 min.11 There were marginally more

participants with at least one AE in the midazolam arm (n¼13)

comparedwithmelatonin (n¼9), with only one AE (nightmares)

potentially related to the IMP (midazolam). There were no SAEs

in either arm. These secondary outcome measures, in combi-

nation with AE and SAE data, suggest that potential disadvan-

tages of midazolam occur infrequently. Although midazolam

was more effective at reducing anxiety than melatonin, it

should be noted that anaesthetic failure rates were low in both

groups (midazolam n¼1: melatonin n¼2). There were also

comparable incidences of anaesthetist decision to re-dose

because of inadequate anxiolysis before transfer, suggesting

that both drugs hadbeneficial effect. Asdiscussed, although the

trends in these secondarymeasures are of interest, the CI were

wide, which limits their interpretation. The trial was also

limited by exclusively using the MYPAS-SF measure solely as

theprimaryoutcome, asopposed toother commonmeasuresof

sedation (e.g. mask acceptance or level of restraint).

A number of barriers to recruitment were noted during a

formal qualitative analysis, undertaken as part of the internal

pilot of the trial33 2021. Many of these barriers are unlikely to

have influenced the generalisability of the trial results, as they

related to resource pressures such as lack of research nurse

availability. However, certain resource pressures, such as

research pharmacies not being open at the commencement of

operating lists, could have impacted more significantly on the

first patient of the respective theatre list. A common anaes-

thetic practice is to list more challenging patients at the start

of a given theatre list and therefore these patients may not

have been recruited. Trial randomisation acts to account for

such confounders by distributing the confounders equally

between trial arms.

Future studies

The trial showed that using melatonin as a premedication

was less effective at reducing preoperative anxiety than

midazolam, further adding to the knowledge base within the

perioperative anaesthetic field of effective anxiolytic

paediatric premedications. However, given the findings of

the MAGIC trial, there still remains a clinical need to develop

or repurpose another premedication with a more favourable

side-effects profile. A recent 2022 systematic review evalu-

ated the sedative effects of various commonly used pre-

medications, including: dexmedetomidine, midazolam,

clonidine, ketamine, and melatonin, in managing preopera-

tive anxiety in children (aged <7 yr).39 They reported no sig-

nificant difference in sedative effect or mask acceptance

between melatonin and placebo, with superiority seen in the

other four premedications. Furthermore, they found mid-

azolam did not reduce emergence delirium and prolonged

length of PACU stay compared with placebo; and use of

midazolam, ketamine, and clonidine lead to several side-

effects. Based on side-effect profiles, this systematic review

concluded that dexmedetomidine may be a more optimal

sedative for premedication in children. An increasing use of

dexmedetomidine amongst UK paediatric anaesthetists was

frequently noted during theMAGIC trial, and further research

into this drug as a more suitable alternative premedication

could be beneficial.

Conclusions

The trial did not reach the required sample size and therefore

is prone to bias. Within the population studied, melatonin is

less effective than midazolam at reducing preoperative anxi-

ety in children and young people before general anaesthesia.

The current standard of care, midazolam, was better by a

clinically meaningful margin.
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