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Objective: There is a need for evidence on the best sedative agents in children undergoing open heart
surgery for congenital heart disease. This study aimed to evaluate the feasibility and safety of dexme-
detomidine in this group compared with midazolam.
Design: Double blinded, pilot randomized controlled trial.
Setting: Cardiac operating theatre and paediatric intensive care unit in Brisbane, Australia.
Participants: Infants (�12 months of age) undergoing their first surgical repair of a congenital heart
defect.
Interventions: Dexmedetomidine (up to 1.0mcg/kg/hr) versus midazolam (up to 80mcg/kg/hr),
commenced in the cardiac operating theatre prior to surgery.
Main outcome measures: The primary outcome was the time spent in light sedation (Sedation Behavior
Scale [SBS] -1 to þ1); Co-primary feasibility outcome was recruitment, retention and protocol adherence.
Secondary outcomes were use of supplemental sedatives, ventilator free days, delirium, vasoactive drug
support, and adverse events. Neurodevelopment and health-related quality of life (HRQoL) were assessed
at 12 months post-surgery.
Results: Sixty-six participants were recruited. The number of SBS scores in the light sedation range were
greater in the dexmedetomidine group at 24 hours, 48 hours, and overall study duration (0-14 days)
versus the midazolam group (24hr: 76/170 [45%] vs 60/178 [34%], aOR 4.14 [95% CI 0.48, 35.92]; 48hr:
154/298 [52%] vs 122/314 [39%], aOR 6.95 [95% CI 0.77, 63.13]; 0-14 days: 597/831 [72%] vs 527/939 [56%],
aOR 3.93 [95% CI 0.62, 25.03]). Feasibility was established with no withdrawals or loss to follow-up at 14
days and minimal protocol deviations. There were no differences between the groups relating to clinical,
safety, neurodevelopment or HRQoL outcomes.
Conclusions: The use of dexmedetomidine was associated with more time spent in light sedation when
compared with midazolam. The feasibility of conducting a blinded RCT of midazolam and dexmedeto-
midine in children undergoing open heart surgery was also established. The findings justify further
investigation in a larger trial.
Clinical trial registration: ACTRN12615001304527.
© 2023 Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of Australia and New
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1. Introduction

Every year, approximately 1.35 million infants are diagnosed
with congenital heart disease (CHD) worldwide.1 In Australia and
New Zealand, 1500 cases of cardiac surgery requiring cardiopul-
monary bypass (CPB) are performed in children every year.2 These
children, all of whom are admitted to paediatric intensive care units
(PICUs) postoperatively, are at a risk of significant postsurgery
complications and sequelae. The physiological strain induced by
surgery and CPB is followed by endothelial injury due to an in-
flammatory response and coagulopathy, which can lead to delayed
convalescence and increased postoperative morbidity and
mortality.3

Sedation is commonly used to manage the postoperative phase;
however, the historical approach to sedation during mechanical
ventilation in children after surgery for CHD lacks standardisation,
with midazolam still being the most widely used sedative
agent.4,5 Recent guidelines on the prevention of agitation in criti-
cally ill children recommended that dexmedetomidine should be
considered as a primary sedative for sedation in postoperative
cardiac surgical patients.6 However, evidence used for these
guidelines is mostly retrospective in nature or based on small
clinical trials that do not directly compare dexmedetomidine with
midazolam. Despite its ongoing use, midazolam usage in
children has also been shown to have a negative impact on the
developing brain.7,8 In the recent years, dexmedetomidine, an
alpha-2 adrenergic sedative with anxiolytic and analgesic charac-
teristics, has been successfully used.9,10 Emerging animal model
data also suggest that dexmedetomidine may have neuroprotective
effects.11,12 A recent meta-analysis of dexmedetomidine in paedi-
atric cardiac surgery suggests that use of dexmedetomidine during
the perioperative phase may shorten the duration of mechanical
ventilation and PICU and hospital length of stay; 13 however, none
of the studies included the use of midazolam in the control group,
with most controls using placebo.

In viewof the limited available high-quality evidence, there is an
urgent need to further determine the short- and long-term safety
and feasibility of dexmedetomidine for sedation in paediatric car-
diac surgery. The aim of this pilot randomised clinical trial (RCT)
was to determine the feasibility of a definitive RCT evaluating
dexmedetomidine compared to midazolam for sedation after
paediatric cardiac surgery with CPB. We hypothesised that con-
ducting a pragmatic blinded RCT of dexmedetomidine and mid-
azolam is feasible in the CHD cohort.
2. Materials and methods

2.1. Study design

The study design incorporated a single-centre, double-blind,
pilot RCT in infants requiring cardiac surgery to correct CHD. The
trial was prospectively registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12615001304527), and the protocol
at commencement of the study is provided in Appendix 1. Approval
to undertake the trial was received from the Children's Health
Services (HREC/15/QRCH/119) Human Research Ethics Committee.
This trial is reported according to the CONSORT 2010 statement:
extension to randomised pilot and feasibility trials.14
2.2. Study setting

The trial was conducted within the cardiac operating theatre
and PICU at the Queensland Children's Hospital, Australia. The
centre incorporates a quaternary level 36-bed PICU and over 2000
medical and surgical admissions annually, of which 700 are cardiac
surgical procedures.2

2.3. Study participants

2.3.1. Inclusion criteria
Infants (�12 m of age) undergoing their first surgical repair of a

congenital heart defect were eligible for enrolment if (i) the surgical
repair required CPB; (ii) the patient required mechanical ventila-
tion via an endotracheal tube postoperatively; and (iii) the patient
required immediate postoperative and ongoing sedative medica-
tion for comfort and safety and to facilitate the delivery of life-
support measures.

2.3.2. Exclusion criteria
Patients with a documented allergy to dexmedetomidine were

ineligible for trial enrolment.
Variable block size randomisation (4,6,8) was generated on a 1:1

ratio for the study groups and loaded into a password-protected,
encrypted, web-based interface (Griffith University: http://
151.griffith.edu.au/random). Patients, clinical staff members, and
investigators were blinded to the group allocation.

2.4. Interventions

Clinical research nurses daily screened all patients who were
booked for PICU admission after a cardiac surgical repair, pro-
ceeding to obtain written informed consent from parents or legal
guardians if the child was eligible. Parents were approached about
the study in their child's planned presurgical consultation or via
phone and email, and all consents were signed prior to surgery.

Following randomisation, a research nurse not providing clinical
care to the participant prepared the blinded study drug syringe
according to a predetermined guideline and delivered the syringe
to the cardiac anaesthetist prior to surgery or thereafter to the PICU.
Concentrations of each study drug were prepared as detailed in the
following and labelled as ‘Cardiac Baby SPICE Study Drug’. The
study drug was administered via syringe driver in an mL/h delivery
mode.

Participants were randomised to receive one of two primary
sedative agents:

Intervention: A dexmedetomidine intravenous infusion (con-
centration, 200mcg in 50 mL of either 5% glucose or 0.9% sodium
chloride) was administered in the operating room as the primary
sedative agent (blinded to the operator) and titrated at a dose range
of 0.25e1.0 mcg/kg/h to achieve the target sedation up to an age-
dependent maximum dose.15,16 Clonidine was prohibited as a
sedative agent, with its use reserved only for management of sus-
pected dexmedetomidine withdrawal (after cessation for 96 h).
Benzodiazepine use was permitted only for rescue treatment of
refractory agitation.

Standard care: A midazolam intravenous infusion (concentra-
tion,16mgmidazolam in 50mL of either 5% glucose or 0.9% sodium
chloride) was administered in the operating room as the primary
sedative agent (blinded to the operator) and titrated at a dose range
of 20e80 mcg/kg/h. Dexmedetomidine could be used at the
discretion of the treating intensivist if the target sedation rangewas
not achieved despite maximum titration of conventional sedative
agents (except when clonidine had been used).

The default sedation target for all patients (unless otherwise
clinically indicated) was light sedation, defined by the state
Behavioural scale (SBS)17 range of�1 toþ1. Treating clinicians were
provided with a weight-adjusted study drug calculation sheet
which outlined volumeedose equivalent rates for both study arms
(Appendix 1). Titration of the blinded study drug was according to



D.A. Long et al. / Critical Care and Resuscitation 25 (2023) 33e42 35
an established study algorithm,4 adapted for use in this study
(Appendix 2). To optimise blinding, clinicians titrated each study
drug in mL/h in each arm and every increase in 0.625 ml/h resulted
in an increase of 0.25 mcg/kg/h of dexmedetomidine or 20 mcg/kg/
h of midazolam.

Loading doses or bolus infusions of the study drug were pro-
hibited. Postoperatively, if the primary sedative agent was titrated
to the maximum dose and additional sedative agents were
required, additional agents including chloral hydrate, sedating an-
tihistamines, phenobarbital, propofol (maximum dose 4 mg/kg/h,
maximum duration 24 h), or ketamine were considered, based on
the treating physician’s preference. Blinded dexmedetomidine or
midazolam infusions were continued until sedation was no longer
required or to a maximum of 14 d after enrolment. If sedation was
necessary beyond 14 d after enrolment, the choice of sedative
regimen and weaning plan was at the discretion of the treating
clinician. Study drug cessation was at the discretion of the treating
clinician if they considered that the patient safety was compro-
mised by administration of the blinded study drug.
2.5. Perioperative and concurrent treatments

Induction andmaintenance of anaesthesiawas performed as per
local policy and standard site practice for cardiac surgery on CPB.
The study drug was started prior to commencement of CPB at a rate
equivalent to 1.0 mcg/kg/h of dexmedetomidine or 80 mcg/kg/h of
midazolam. During PICU care, if additional sedative agents were
required, open-label intravenous midazolam rescue boluses of
0.05e0.1 mg/kg were allowed in either treatment arm. Clonidine
was prohibited as a sedative agent in both arms. The provision of
pain relief for all children (e.g., morphine, fentanyl, ketamine,
paracetamol, or remifentanil) was provided by an infusion or opioid
bolus at the discretion of the treating clinician. Patients (in either
arm) who required neuromuscular blockade postoperatively
(intermittent or continuous) received adequate sedation by keep-
ing the study drug at maximum clinically tolerable dose and use of
additional sedatives to achieve an SBS17 of �2 to �3 to prevent
awareness during neuromuscular blockade. Once there was no
need for further neuromuscular blockade, sedative management
continued as per protocol.

All patients had a sedation target score charted in their elec-
tronic medical record, as determined by the treating clinician,
and reviewed at least 12 hourly. Sedation infusions were titrated to
the lowest dose needed to achieve the desired sedation. All patients
had SBS assessment every 4 h and on demand, along with pain
assessments (by bedside nurse). Withdrawal was assessed daily
using the Withdrawal Assessment Tool 18 after 72 h following
randomisation or during sedative weaning. Daily delirium assess-
ments were conducted if SBS ��1, using the Cornell Assessment of
Pediatric Delirium.19
2.6. Intervention fidelity

To promote intervention fidelity and protocol adherence, a
comprehensive education package was delivered to the relevant
clinical staff. Prior to commencement, we ensured that 80% of
nursing staff had completed online education TEACHQ is the
Children's Health Qld Learning Management Platform (TEACHQ)
and had the opportunity for clinical feedback from a nurse
educator. All sedation, delirium, and withdrawal assessments were
used as a part of standard clinical care. Protocol violation was
defined as ‘the randomised intervention was never performed’.
Protocol deviation was defined as ‘the incorrect intervention was
used for a portion of the study enrolment’.20
2.7. Outcome measures

The study included primary sedation and feasibility outcomes.
The sedation outcome assessed was the proportion of time spent in
light sedation, defined as time spent in the light sedation range (�1
to þ1) of the SBS during study enrolment. Feasibility outcomes
comprised eligibility, enrolment, acute retention and attrition at 12
m, protocol adherence, and missing data. End points of the sec-
ondary outcomes were clinical outcome, daily cumulative weight-
adjusted doses of intravenous sedative agents and opioids given,
incidence of delirium assessed using the Cornell Assessment of
Pediatric Delirium, incidence of withdrawal using the Withdrawal
Assessment Tool, duration of PICU and hospital length of stay, and
PICU and hospital mortality. Ventilator-free days were defined as
the measurement period (d) that the patient was both alive and
free of invasive mechanical ventilation, censored at 14 d; death
within the study period was weighted as 0. Other outcomes
included neurodevelopmental outcomes at 12 m, as measured by
the Ages and Stages Questionnaire (ASQ)21 and health-related
quality of life, as measured by the Pediatric Quality of Life Inventory
(PedsQL).22

Safety outcomes included incidence of cardiac arrhythmias,
bradycardia, and/or hypotension, defined as heart rate or blood
pressure more than two standard deviations (SDs) below the mean
for age, which led to study drug cessation; cumulative and daily
dose of vasopressor/inotropic infusions; and adverse events
including unplanned extubation, loss of invasive lines (e.g., vascular
access devices), and cardiac arrest. Primary and secondary outcome
definitions are provided in Appendix 3. Safety outcomes were
reviewed and verified daily via the clinical information system
(MetaVision).

2.8. Study procedures

Perioperative and PICU data were collected by a member of the
research team from the clinical information system (CIS:MetaVision)
and entered into the electronic data platform REDCap (Research
Electronic Data CAPture) (http://project-redcap.org/).23 This
included data on outcomes and clinical and demographic factors
including diagnosis, surgical intervention, anaesthetic data, and PICU
assessment medical management. At 12 m after the surgery, child
survival status was checked prior to ringing the parents about
completion of the ASQ and PedsQL questionnaires.

2.9. Statistical analysis

Data were analysed using StataSE v17.0 (StataCorp Pty Ltd,
College Station, Texas). Descriptive statistics were used to report
patient characteristics; amount of light and deep sedation; the
sedative, analgesic, and vasopressor used; and clinical outcomes.
The patient was the unit of analysis, apart from SBS assessments,
where each individual assessment was the unit of analysis. All
analyses were conducted on an intention-to-treat basis. End points
were compared between groups using logistic regression (binary
outcomes; reporting odds ratio), quantile regression (non-normally
distributed continuous outcomes; reporting estimate of difference),
and linear regression (normally distributed outcomes; reporting
the estimate of difference), along with 95% confidence intervals
(CIs). For the primary outcome, the odds of achieving light sedation
at various timepoints, adjusted for repeated patient observations
and time of SBS assessment, are reported. Repeated SBS assess-
ments were analysed using multilevel modelling, accounting for
both the patient as well as the timepoint of the assessment. All
comparisons are considered exploratory, and no adjustment for
multiple comparisons was undertaken.

http://project-redcap.org/
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A pragmatic sample size of 60 infants was required with an
attrition rate of 10% (total n ¼ 66), based on recommendations for
pilot studies.24 This would also be sufficient to provide enough
sedation assessments to allow meaningful evaluation of feasibility
and safety.4

2.10. Ethical considerations

This study was approved by the Children's Health Queensland
Hospital and Health Services HREC and undertaken according to
ICH-GCP, Declaration of Helsinki. Consent was obtained from the
legal guardian before participation.
Fig. 1. Flow of participant
3. Results

3.1. Study participants

Between March 2017 and September 2018, 175 patients were
screened for eligibility, of which 139 were eligible and 66 (47.5%)
participants were randomised into the study: 34 to the dexmede-
tomidine arm and 32 into the midazolam arm. In each arm, one
patient did not receive the intervention but was included in the
primary analysis. Participant flow through the study is outlined in
Fig. 1. At the beginning of recruitment, 32 childrenweremissed due
to initial staff concerns with a blinded sedative. After a period of
s through the study.



Table 1
Patient characteristics.

Patient characteristics Midazolam
sedation,
N ¼ 32

Dexmedetomidine
sedation,
N ¼ 34

Age (m), median (IQR) 2.5 (0.3, 5.5) 3.0 (1.0, 8.0)
Male, n (%) 20 (63) 17 (50)
Weight (kg), median (IQR) 4.6 (3.6, 5.7) 5.3 (3.6, 6.5)
Gestational age (weeks), median (IQR) 38 (36, 39) 38 (36, 40)
Surgical repair, n (%)
ASD/VSD 10 (31) 13 (38)
ASO 7 (22) 0 (0)
TOF repair 6 (19) 9 (26)
Other 9 (28) 12 (35)

Ventilated preop, n (%) 1 (3) 1 (3)
RACHS, n (%)
1 1 (3) 0 (0)
2 15 (47) 21 (62)
3 11 (34) 6 (18)
4 3 (9) 2 (9)
6 2 (6) 5 (15)

Aristotle, median (IQR) 10.0 (7.0, 11.8) 9.7 (8.0, 12.0)
Cardiac pathophysiology, n (%)
Univentricular 1 (3) 5 (15)
Biventricular 31 (97) 29 (85)

PIM 3, median (IQR) 0.4 (0.3, 0.6) 0.4 (0.3, 0.6)
Baseline ASQ-3 subscalesa

Communication below cut-off, n (%) 5 (24) 7 (24)
Gross motor below cut-off, n (%) 10 (48) 16 (55)
Fine motor below cut-off, n (%) 4 (19) 6 (21)
Problem solving below cut-off, n (%) 6 (29) 9 (31)
Personalesocial below cut-off, n (%) 4 (19) 11 (38)

IQR ¼ interquartile range; kg ¼ kilograms; RACHS¼ Risk Adjustment for Congenital
Heart Surgery; PIM ¼ Paediatric Index of Mortality; ASD ¼ atrial septum defect;
VSD ¼ ventricular septum defect; ASO ¼ arterial switch operation; TOF ¼ tetralogy
of Fallot.

a Does not include infants <1 month of age.
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recruiting children in lower Risk Adjustment for Congenital Heart
Surgery (RACHS) categories and no demonstration of safety con-
cerns, the recruitment rate increased.

Participant baseline characteristics are outlined in Table 1. Most
patient characteristics and clinical features were evenly distributed
throughout the research groups, whereas several exhibited a higher
than 10% imbalance (e.g., type of surgical repair). The median
number of SBS assessments per patient (dexmedetomidine: 15,
interquartile range [IQR]: 6e41; midazolam: 17.5, IQR: 8.5e47.5)
andmedian duration of assessments (dexmedetomidine: 79 h, IQR:
31e169; midazolam: 84 h, IQR: 34e180) were similar between the
groups.
Table 2
Comparison of SBS assessments in the light and deep sedation range in the first 24 h, 48

Light/deep sedation Midazolam sedation

n (%)

First 24 h N ¼ 178
Light sedation (�1 to þ1) 60 (33.7%)
Deep sedation (�2 to �3)b 118 (66.3%)
First 48 h N ¼ 314
Light sedation (�1 to þ1) 122 (38.9%)
Deep sedation (�2 to �3)b 192 (61.2%)
Study duration (0e14 days) N ¼ 939
Light sedation (�1 to þ1) 527 (56.1%)
Deep sedation (�2 to �3)b 412 (43.9%)

aOR ¼ adjusted odds ratio; CI ¼ confidence interval; IQR ¼ interquartile range; SBS ¼ st
a adjusted for repeated patient observations and time of SBS assessment.
b deep sedation includes paralysis with neuromuscular blockade.
3.1.1. Primary feasibility outcome
Following randomisation, no patients withdrew from the study

or were lost to follow-up for hospital data (or similar). A protocol
violation occurred in two participants (1 in the midazolam arm; 1
in the dexmedetomidine arm) who did not receive the randomised
sedative agent, based on the treating anaesthetist's decision to not
proceed with the blinded study drug due to perioperative insta-
bility (both received open-label dexmedetomidine). Sixteen pa-
tients experienced a protocol deviation, with one patient
experiencing two protocol deviations (incorrect intervention used
for a portion of study enrolment) (Appendix 4). Twenty-nine pa-
tients were lost to follow-up at 12 m.

3.1.2. Primary sedation outcome
For the entire study duration, the number of SBS measurements

in the light sedation range in the dexmedetomidine group was 597
of 831 (71.8%) compared to 527 of 939 (56.1%) in the midazolam
arm (adjusted OR: 3.93, 95% CI: 0.62, 25.03) (Table 2).

3.1.3. Clinical and safety outcomes
There were minimal differences in the cumulative dosages of

other intravenous sedatives or opioids administered during the
trial period (Table 3). Morphine was the most used opiate paired
with the study drug, with the median dose in the dexmedetomi-
dine group at 1459.2 mcg/kg (IQR: 711.2e3866.7) compared to
2258.1 mcg/kg in the midazolam group (IQR: 1197.8e4896.2).

Total CPB times were shorter in the dexmedetomidine group
(68.5 min, IQR: 52.4e83.0), compared to those receiving mid-
azolam (120.5 min, IQR: 66.0e161.5 [�55 min, 95% CI: -85.4,
�24.6]) (Table 4). The median time to achieve light sedation was
9.8 h (IQR: 3.6e32.6) in the dexmedetomidine group compared to
16.1 h (IQR: 6.2e56.8) in the midazolam group (�6.7, 95% CI: -26.5,
13.1). Median time to extubation was 21.1 h in the dexmedetomi-
dine group compared to 37.9 h in the midazolam group (IQR:
12.2e116.6) (IQR: 7.0e66.2; difference: �21.3, 95% CI: -62.5, 19.9).
Four children (13%) in the midazolam group died in hospital
(RACHS scores: 3, 3, 4, 6), compared with none in the dexmede-
tomidine group. There was variation in the amount of vasopressors
administered across groups; however, withdrawal symptoms were
not reported in either group. Overall, five participants in each arm
received clonidine >96 h following cessation of the study drug,
with more clonidine administered in the dexmedetomidine group
(median: 18.2 mcg/kg, IQR: 7e19.3) than in the midazolam group
(median: 2.6 mcg/kg, IQR: 2.1e7.6).

Across the study period, therewas no difference in the incidence
of cardiac arrhythmias, bradycardia, and hypotension between
h after surgery, and across the study duration (0e14 d) between the study groups.

Dexmedetomidine sedation Intervention

n (%) aORa 95% CIa

N ¼ 170
76 (44.7%) 4.14 0.48, 35.92
94 (55.3%)
N ¼ 298
154 (51.7%) 6.95 0.77, 63.13
144 (48.3%)
N ¼ 831
597 (71.8%) 3.93 0.62, 25.03
234 (28.2%)

ate behavioural scale.



Table 3
Cumulative dose/kg and duration of treatment with sedatives and analgesic agents throughout the study period.

Treatmenta Midazolam sedation,
N ¼ 32

Dexmedetomidine sedation,
N ¼ 34

n (%) Median IQR n (%) Median IQR

Operating room
Dexmedetomidine (mcg/kg) 2 (6) 2.8 2.1, 3.7 34 (100) 3.8 2.3, 3.8
Midazolam (mcg/kg) 5 (16) 161.3 142.9, 188.7 3 (9) 156.3 117.0, 156.3
Midazolam e rescue sedation, open label (mcg/kg) e e e e e e

Morphine (mcg/kg) 27 (84) 100.0 60.3, 141.7 32 (94) 64.7 36.4, 120.3
Fentanyl (mcg/kg) 28 (87) 38.1 24.5, 51.3 34 (100) 33.3 19.5, 50.0
Ketamine (mcg/kg) e e e 1 (3) 2500 e

Paediatric intensive care unit
Dexmedetomidine (mcg/kg) 7 (22) 4.2 1.7, 19.0 34 (100) 14.0 6.7, 38.2
Midazolam (mcg/kg) 31 (97) 2082.9 988.3, 6489.8 10 (29) 892.2 354.6, 1435.0
Midazolam e rescue sedation, open label (mcg/kg) 8 (25) 100.0 74.5, 177.9 6 (18) 123.3 74.4, 200.0
Morphine (mcg/kg) 32 (100) 2148.6 1164.9, 4854.2 33 (97) 1309.2 595.8, 3796.9
Fentanyl (mcg/kg) 25 (78) 13.2 8.5, 44.4 22 (65) 9.4 4.0, 45.4
Chloral hydrate (mg/day) 12 (38) 57.1 15.3, 110.2 15 (44) 30.7 12.0, 96.2
Ketamine (mcg/kg) 18 (56) 759.6 500, 2857.1 12 (35) 721.0 500, 1909.7
Combined (operating room and paediatric intensive care unit)
Dexmedetomidine (mcg/kg) 8 (25) 3.4 1.9, 18.1 34 (100) 16.2 9.5, 41.9
Days on dexmedetomidine 1.0 1.0, 2.5 2.0 2.0, 4.0

Midazolam (mcg/kg) 31 (97) 2503.2 1160.6, 6760.5 13 (38) 720.0 203.6, 1260.7
Days on midazolam 2.0 2.0, 5.0 2.0 1.0, 3.0

Midazolam e rescue sedation, open label (mcg/kg) 8 (25) 100.0 74.5, 177.9 6 (18) 123.3 74.4, 200.0
Days on midazolam e open label 1.0 1.0, 1.5 1.0 1.0e2.0

Morphine (mcg/kg) 32 (100) 2258.1 1197.8, 4896.2 33 (97) 1459.2 711.2, 3866.7
Days on morphine 4.0 3.0, 7.0 4.0 2.0, 5.0

Fentanyl (mcg/kg) 30 (94) 45.8 38.9, 73.6 34 (100) 44.6 24.5, 72.8
Days on fentanyl 2.0 1.0, 4.0 1.5 1.0, 3.0

Chloral hydrate (mg/d) 12 (38) 57.1 15.3, 110.2 15 (44) 30.7 12.0, 96.2
Days on chloral hydrate 2.5 1.5, 4.0 2.0 1.0, 3.0

Ketamine (mcg/kg) 18 (56) 759.6 500.0, 2857.1 13 (38) 937.5 500.0, 1943.4
Days on ketamine 1.0 1.0, 2.0 1.0 1.0, 1.0

IQR ¼ interquartile range; mcg ¼ micrograms; kg ¼ kilograms.
a Includes bolus doses, where allowed.
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study arms intraoperatively and postoperatively. There were two
serious adverse events identified in each arm, which were not
considered to be related to the study drugs, including emergency
chest reopening for bleeding, intraoperative gastrointestinal injury,
sepsis, and pericardial effusion.

Appendix 5 shows the cumulative doses of vasopressors used
during the study period. In the PICU, children in the dexmedeto-
midine group received a cumulative dose of milrinone (median:
1533 mcg/kg, IQR: 583e3212) compared to children sedated with
midazolam (median: 2703 mcg/kg, IQR: 865 to 4835). No other
differences in vasopressor use were identified between groups
across the study period. At 12 m post surgery, 77% of patients’
parents completed outcome questionnaires (n ¼ 47). There was a
higher proportion of children in the dexmedetomidine group who
fell below the cut-off (>2 SD belowmean) in the finemotor domain
of the ASQ, adjusting for the baseline ASQ (41% vs 5%, difference:
10.32 [1.14, 93.22]). There were no differences between the groups
in the remaining ASQ domains. There were no differences in the
total or subscale PedsQL z-scores between the two treatment
groups (Table 5).

4. Discussion

The feasibility of the proposed double-blinded trial design
comparing dexmedetomidine to standard care was demonstrated
in this pilot study. Our overall recruitment rate was lower than
expected, mainly due to the blinded nature of the trial. This was
managed by gaining staff buy-in by recruiting children in lower
RACHS categories and increasing the recruitment rate once there
was no demonstration of safety concerns. In addition, to aid
blinding and administration of the study drugs, significant
education and resourceswere provided to all the treating clinicians,
including the use of a previously developed PICU sedation algo-
rithm. The feasibility of the project was thus impacted by increasing
staff education and gaining staff trust and buy-in. The lack of safety
concerns in our pilot trial could lead to improved recruitment in
future trials. No patients were lost to follow-up, and missing data
were less than 5% at 14 d. Our follow-up rate at 12 m following
surgery was consistent with other follow-up studies in the PICU, so
it may be comparable to other studies of children with CHD in this
age range.25Whilst the median gestational agewas 38 weeks, there
were several infants who were not able to have their baseline ASQ
recorded due to corrected age on PICU admission being <1 month.
This makes interpretation difficult as often these infants are those
undergoing higher risk surgeries, with a theoretical higher risk of
neurodevelopmental impairment. As a brief online screener for
neurodevelopment however, administration of the parent-
completed questionnaire via email was easily administered and
well received by caregivers.

Dexmedetomidine could be safely administered throughout
open-heart surgery and during PICU admission. There were no
observed differences in safety outcomes, including cardiac ar-
rhythmias, bradycardia, or hypotension. There were two serious
adverse events identified in each arm, which were not considered
to be related to the study drugs. Many studies have documented the
increased incidence of bradycardia and hypotension with dexme-
detomidine use, with rates up to 26%.26 A recent observational
study also demonstrated that a loading dose and doses greater than
1.2 mcg/kg/h of dexmedetomidine increased the odds of haemo-
dynamic changes.27 Although we did experience some episodes of
bradycardia and hypotension across the two groups, we only used
doses up to 1.0 mcg/kg/h of dexmedetomidine and only a few



Table 4
Secondary outcomes.

Outcome Midazolam sedation,
N ¼ 32

Dexmedetomidine
sedation,
N ¼ 34

Estimate of difference
(95% CI)

Efficacy
Intubated >24 h post surgery, n (%) 17 (53) 15 (44) 0.70 (0.26, 1.84)a

CPB time (min), median (IQR) 120.5 (66.0, 161.5) 68.5 (52.4, 83.0) �55.0 (�85.4, �24.6)b

Cross clamp time (min), median (IQR) 81.0 (46.0, 112.0) 53.0 (36.0, 64.0) �28.0 (�51.9, �4.1)b

MUF time (min), median (IQR) 12.0 (9.0, 14.0) 9.0 (8.0, 12.0) �3.0 (�5.3, �0.7)b

Time to first light sedation, median (IQR) (h) 16.1 (6.2, 56.8) 9.8 (3.6, 32.6) �6.7 (�26.5, 13.1)b

CAP-D þ ve, n (%) 27 (93) 24 (89) 0.59 (0.09, 3.85)a

Delirium coma-free days, median (IQR) 11.0 (9.0, 12.5) 12 (9.0, 13.0) 1.0 (�0.8, 2.8)b

Time to extubation after surgery (hours), median (IQR) 37.9 (12.2, 116.6) 21.1 (7.0, 66.2) �21.3 (�62.5, 19.9)b

Ventilator-free days, at day 14, median (IQR) 12.5 (9.0, 13.5) 13.0 (11.0, 14.0) 1.0 (�0.8, 2.8)b

PICU length of stay (h), median (IQR) 81.1 (46.9, 253.4) 73.2 (38.4, 190.3) �16.9 (�104.3, 70.5)b

Hospital LOS (d), median (IQR) 17.6 (8.5, 34.0) 12.6 (7.3, 34.2) �5.1 (�16.6, 6.5)b

Neuromuscular blockade medication use, n (%) 17 (53) 15 (44) 0.70 (0.26, 1.84)a

Clonidine given >96 h post study drug cease, n (%) 5 (16) 5 (15) 0.93 (0.24, 3.58)a

Clonidine >96 h after study drug cease (mcg/kg), median (IQR) 2.6 (2.1, 7.6) 18.2 (7.0, 19.3) 15.55 (3.56, 27.54)b

Clonidine duration >96 h post study drug cease, median (IQR) 2 (1, 4) 4 (3, 5) 2.00 (�1.23, 5.23)b

Safety
Bradycardia, n (%) 1 (3) 1 (3) 0.94 (0.06, 15.68)a

Hypotension, n (%) 1 (3) 3 (9) 3.00 (0.30, 30.44)a

Arrhythmias in OR, n (%) 4 (13) 2 (6) 0.44 (0.07, 2.57)a

Arrhythmias post surgery, n (%) 9 (28) 11 (32) 1.22 (0.43, 3.50)a

SAE, n (%) 2 (6) 2 (6) 0.94 (0.12, 7.08)a

ECLS, n (%) 2 (6) 1 (3) 0.45 (0.04, 5.27)a

RRT, n (%) 2 (6) 2 (6) 0.94 (0.12, 7.08)a

PICU mortality, n (%) 2 (6) 0 (0) e

Hospital mortality, n (%) 4 (13) 0 (0) e

H ¼ hours; Min ¼ minutes; IQR ¼ interquartile range; CPB ¼ cardiopulmonary bypass; CAP-D ¼ Cornell Assessment of Pediatric Delirium; PICU ¼ paediatric intensive care
unit; LOS ¼ length of stay; SAE ¼ serious adverse event; ECLS ¼ extracorporeal life support; RRT ¼ renal replacement therapy.

a odds ratio reported.
b coefficient reported.
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required interventions (dose reduction or temporary cessation).
Furthermore, our protocol did not allow boluses of dexmedetomi-
dine on commencement in the operation theatre or whilst in the
PICU. Despite this, we acknowledge that bradycardia and hypo-
tension are managed by the administration of fluids, blood prod-
ucts, and vasopressors and may have been used to correct
symptoms <2 SD below the mean. Therefore, the true incidence of
bradycardia and hypotension in this cohort may have been masked
by the concurrent use of these therapies, and future studies should
monitor administration of fluids and blood products use closely.
Further due to the use of various vasoactive drugs, calculation of
vasoactive inotrope scores would be a useful addition to future
trials. Additionally, although we did not observe an incidence of
withdrawal in our study, clonidine was used in both groups
>96 h after study cessation, and the dose of clonidine used was
higher in the dexmedetomidine group. Dexmedetomidine has been
reported to be associated with rebound effects in 0e27% of pa-
tients; 26 therefore, a strong safety focus needs to remain on
withdrawal assessment and management.

Children who underwent surgery for CHD and received
dexmedetomidine achieved a higher proportion of time spent in
light sedation during their first 14 d following surgery than those
treated with midazolam. Time taken to achieve light sedation was
also shorter in patients treated with dexmedetomidine. Children in
the dexmedetomidine arm also received less morphine and shorter
time to extubation than children who received midazolam. Previ-
ous studies have evaluated levels of sedation between drugs;
however, it is difficult to draw comparisons as various control arms
and sedation assessment tools were used.28e30 A recent study
demonstrated the ability to achieve light sedation quicker with
dexmedetomidine in a general PICU cohort 4 and however found
that one-third of the dexmedetomidine group also required addi-
tional sedatives to achieve light sedation.31 In the current study, we
did not observe an increase in the use of additional sedatives in the
dexmedetomidine group.

The morphine-sparing properties of dexmedetomidine have
been reported in other paediatric surgery studies32,33 and
congenital heart surgeries34 alike. Historically, high-dose opioid
agents have been used to attenuate the significant neuroendocrine
stress response experienced during and after surgery. However,
there is mounting evidence to suggest that reducing opioid expo-
sure during the postoperative period could enhance postoperative
recovery by circumventing prolonged sedation and mechanical
ventilation.35,36 Despite dexmedetomidine and midazolam having
different pharmacokinetic and pharmacodynamic profiles, the off-
label use of dexmedetomidine has emerged as an encouraging
adjunct or alternative to opioids in the perioperative and post-
operative setting for children undergoing cardiac surgery. As a
strong sympatholytic agent, dexmedetomidine also attenuates the
neuroendocrine response and the need for morphine. The analgesic
properties of dexmedetomidine are unique compared to other non-
opioid-sparing sedative agents andmake it particularly useful as an
opioid-sparing agent. Given that a few studies have also shown that
increasing opiate doses are related to poorer neurodevelopmental
outcome, this could be a potentially meaningful candidate for the
primary outcome in a larger definitive trial.25,37 A previous meta-
analysis of clinical trials examining dexmedetomidine in paediat-
ric cardiac surgery found that dexmedetomidine significantly
reduced the postoperative duration of mechanical ventilation and
PICU length of stay; 13 however, none of the studies used mid-
azolam as the comparison and most infusions did not continue into
the PICU. In an open-label randomised trial, Garisto et al. compared
low-dose dexmedetomidine and half-dose opioids and benzodi-
azepines to standard-dose opioids and benzodiazepines and found
no difference in mechanical ventilation time.38 Given that dexme-
detomidine causes sedation without severe respiratory depression



Table 5
Association between sedation and morbidity at 12 m.

Outcome Midazolam
sedation

Dexmedetomidine
sedation

Estimate of
difference
(95% CI)

ASQ-3 Subscalea N ¼ 20 N ¼ 27
Communication below cut-off, n (%) 6 (30) 8 (30) 1.07 (0.27, 4.25)
Gross motor below cut-off, n (%) 9 (45) 12 (45) 0.77 (0.18, 3.37)
Fine motor below cut-off, n (%) 1 (5) 11 (41) 10.32 (1.14, 93.22)
Problem-solving below cut-off, n (%) 3 (15) 7 (26) 1.60 (0.33, 7.69)
Personalesocial below cut-off, n (%) 3 (15) 6 (22) 1.00 (0.19, 5.38)
PedsQL z-Scoreb N ¼ 19 N ¼ 26
Total, mean (SD)b �1.5 (2.2) �1.4 (1.7) 0.1 (�1.1, 1.2)
Physical subscale, mean (SD)b �1.2 (2.2) �1.4 (2.4) �0.2 (�1.6, 1.2)
Psychosocial subscale, mean (SD)b �1.4 (2.1) �1.2 (1.2) 0.2 (�0.8, 1.2)

ASQ-3 ¼ Ages and Stages Questionnaire, 3rd Edition; CI ¼ confidence interval; PedsQL ¼ Pediatric Quality of Life Inventory; SD ¼ standard deviation.
a odds ratio reported; model adjusted for subscale ASQ at baseline.
b coefficient reported.
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and is linked to lower opioid usage, this may lead to reduced me-
chanical ventilation duration but only when benzodiazepines are
not used in conjunction.

In this study, we found that the proportion of children who
scored below the cut-off in the fine motor domain of the ASQ
screener was higher in the dexmedetomidine group. To date, very
few studies have evaluated the impact of dexmedetomidine on
neurodevelopment, following paediatric cardiac surgery, and re-
sults remain inconclusive.39,40 Li et al.41 argue that prenatal injury
is the primary cause of neurodevelopmental delay in infants with
CHD, with cardiac surgery potentially resulting in only mild brain
abnormalities. However, perioperative brain injury is still wide-
spread in CHD and is associated with neurodevelopmental delays,
and perioperative variables are thought to still have a role in
outcomes.

To our knowledge, this study is the first double-blinded rand-
omised controlled trial of sedation in paediatric open-heart sur-
gery. We have demonstrated that sedation medications can be
administered across multidisciplinary teams of clinicians in a
blinded fashion; however, we recommend the inclusion of an
implementation science framework in any future trial, which in-
cludes exploring the barriers and enablers to administering blinded
study drugs with all stakeholders. Other trials have determined
that blinding in sedation studies would be difficult and a potential
safety risk.4 We also incorporated short- and long-term outcomes,
which provide a more comprehensive picture of the patient's
journey. Although some may argue that sedation would play a very
little role in the neurodevelopmental outcome of CHD patients,
with an increasing focus on survivorship, every opportunity to
optimise brain health should be explored.

Our findings have multiple significant implications. The web-
based randomisation and double-blinding processes of the study
were performed well and should be replicated in a larger trial.
However, due to the heterogenous nature of CHD defects, a future
trial would benefit from stratification of the underlying cardiac
pathophysiology to ensure that higher risk surgeries do not bias the
outcomes. Further internal validity of the sedation process and side
effect management are required and will likely require refinement
of the sedation algorithm and haemodynamic protocol, including
drug cessation rules, in consultation with the wider multidisci-
plinary team. To ensure high levels of fidelity, protocol checks of the
study algorithm will need to be checked on a regular basis
throughout a larger trial, and targeted education will need to be
provided to sites where adherence is not at a high level. Although
we provided extensive online education and bedside training
around sedation assessments, we acknowledge that these practices
require ongoing audits and updates to ensure the consistent and
reliable capture of patient sedation status. This study demonstrated
that a higher percentage of time spent in light sedation could be
achievedwith dexmedetomidine. Recent literature has discouraged
deep sedation as this increases the risk of delirium, mortality,
length of mechanical ventilation, and length of ICU stay.42 While
there are no data on the depth of sedation and long-term outcomes,
both ICU evidence and PICU evidence have highlighted these areas
as risk factors for posteintensive care syndrome. Although mid-
azolam has been reported as potentially damaging to the devel-
oping brain,7,8 there are still indications for this drug in the PICU.
Despite this, further research around sedation and neuro-
development is warranted in the CHD and broader PICU population.

5. Limitations

This study has several limitations. The study was conducted at
a single site, which limits its generalisability to other settings and
populations. Despite a robust randomisation process, we observed
an imbalance in the CPB times between the groups, possibly due
to zero children undergoing arterial switch operation allocated to
the dexmedetomidine group. Despite this, we did not observe
major differences in RACHS distribution, and most univentricular
repairs were allocated to the dexmedetomidine group. A future
definitive trial would benefit from a stratification by underlying
CHD pathology. In addition, this study did not determine the
impact of drug sequestration from the CPB circuitry for dexme-
detomidine or midazolam. Future studies are required to deter-
mine the impact of CPB on drug concentrations. Further, the ASQ
questionnaire is only a validated parent-reported screener and
does not provide the comprehensive assessment with a neuro-
development that a face-to-face report to an independent clini-
cian would provide. Protocol violation occurred in cases where
medical staff members felt uncomfortable with the administra-
tion of a blinded sedation drug. Despite the use of a sedation
algorithm, sedation practices and assessments can be biased.
Despite these limitations, this study demonstrated that all study
concepts were safe and feasible.

Sedation is a modifiable factor in the postoperative care of
children, and it is critical to have a greater understanding of the
unique contributions of these medicines to relevant outcomes.

6. Conclusion

Administration of perioperative dexmedetomidine was associ-
atedwithmore time spent in light sedation than that of midazolam.
The feasibility of conducting a blinded RCT of midazolam and
dexmedetomidine in children undergoing open-heart surgery was
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also established. Further definitive, innovative, and multicentre
trials are required to understand optimal sedation and recovery in
this vulnerable cohort.
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