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Abstract
Objectives: We investigated the efficacy and complication profile of intranasal dexmedetomidine for transthoracic echocardiography sedation in patients with single ventricle physiology and shunt-dependent pulmonary blood flow during the high-risk interstage period.
Methods: A single-centre, retrospective review identified interstage infants who received
dexmedetomidine for echocardiography sedation. Baseline and procedural vitals were
reported. Significant adverse events related to sedation were defined as an escalation in care
or need for any additional/increased inotropic support to maintain pre-procedural haemodynamics. Minor adverse events were defined as changes from baseline haemodynamics
that resolved without intervention. To assess whether sedation was adequate, echocardiogram
reports were reviewed for completeness. Results: From September to December 2020, five interstage patients (age 29–69 days) were sedated with 3 mcg/kg intranasal dexmedetomidine. The
median sedation onset time and duration time was 24 minutes (range 12–43 minutes) and
60 minutes (range 33–60 minutes), respectively. Sedation was deemed adequate in all patients
as complete echocardiograms were accomplished without a rescue dose. When compared to
baseline, three (60%) patients had a >10% reduction in heart rate, one (20%) patient had
a >10% reduction in oxygen saturations, and one (20%) patient had a >30% decrease in blood
pressure. Amongst all patients, no significant complications occurred and haemodynamic
changes from baseline did not result in need for intervention or interruption of study.
Conclusions: Intranasal dexmedetomidine may be a reasonable option for echocardiography
sedation in infants with shunt-dependent single ventricle heart disease, and further investigation is warranted to ensure efficacy and safety in an outpatient setting.
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Dexmedetomidine is a central acting alpha-2 agonist with sedative hypnotic properties commonly used intravenously as a continuous infusion in the operative and ICU settings, or as
a bolus or continuous infusion for diagnostic imaging. Due to a low rate of serious adverse
events, dexmedetomidine has been used with increasing frequency in paediatrics and in patients
with CHD.1–4 Dexmedetomidine is available as an intranasal formulation delivered via an atomiser with a relatively short half-life and minimal effects on respiratory drive.5–7 Intranasal dexmedetomidine has been described as part of a single agent or multimodal sedation regimen for
the successful completion of diagnostic imaging procedures.8
As sedation is often administered for complete anatomic and haemodynamic evaluation
by transthoracic echocardiogram in uncooperative infants and young children, a procedural
sedation approach avoiding general anaesthesia, intravenous access, and drugs with an unpleasant taste is an attractive option. Additionally, the procedural sedation approach should avoid
drugs with a higher risk profile considering some anaesthetic and sedative drugs that can alter
the haemodynamic status dramatically in children with CHD. In fact, several reports have
already described intranasal dexmedetomidine, intranasal ketamine, oral chloral hydrate,
and intranasal midazolam use as suitable options for this purpose.9–12 Intranasal dexmedetomidine use for echocardiographic sedation has emerged as perhaps the most attractive option
as it is widely available, easy to administer, safe and efficacious with minimal adverse events.4,9–16
Despite its potential utility in paediatric procedural sedation, no published reviews have examined intranasal dexmedetomidine administration in patients with shunt-dependent single
ventricle heart disease who may be more vulnerable to changes in afterload and heart rate.
A determination of a safe and effective sedation regimen in this patient population would be
most beneficial as the haemodynamic effects of a procedural sedation regimen would be most
pronounced.17
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This case series describes our initial experience with the use of
intranasal dexmedetomidine for transthoracic echocardiography
sedation in patients with single ventricle physiology and shuntdependent pulmonary blood flow during the interstage period.
The purpose is to report the efficacy and complication profile of
intranasal dexmedetomidine in this high-risk infant population.
Methods
This is a single-centre, retrospective case series of infants with
shunt-dependent single ventricle CHD after Stage 1 palliation
(S1P) who underwent inpatient transthoracic echocardiography
with intranasal dexmedetomidine sedation. As per institutional
practice, patients with acyanotic and cyanotic CHD undergoing
echocardiography between 1 month and 2 years of age are routinely sedated under supervision of a paediatric cardiologist in
the outpatient echo lab at Children’s Wisconsin with intranasal
dexmedetomidine. Prior to October 2018, chloral hydrate was
the drug of choice for routine sedation as it was still commercially
available. Patients with shunt-dependent single ventricle heart disease are not sedation candidates in the outpatient echo lab at
Children’s Hospital of Wisconsin based on institutional practice.
Informed parental consent was waived due the retrospective nature
of the review. Chart review was performed to collect demographic
data, baseline, and procedural sedation vitals, establish efficacy
(ability to obtain a complete study) and sedation related complications. Concurrent medications at the time of procedural sedation
were also reviewed.
Dosing for intranasal dexmedetomidine was 3 mcg/kg administered using an atomisation device (100 mcg/ml via MAD
NasalTM). An adjunct dose of 1 mcg/kg dose was available if not
sedated after 25 minutes per institutional practice. Standard monitoring was used in all cases and procedural sedation was performed
in the cardiac ICU where a dedicated nurse or anaesthesiologist
monitored all patients during sedation and recovery, given inexperience prior to this time with sedation of interstage infants with
intranasal dexmedetomidine in the outpatient echocardiography
lab. Level of sedation was assessed based on nursing and anaesthesia assessment of behaviour. The onset time of sedation was
defined as the time from drug administration to successful
sedation. Duration time was defined as the time from successful
sedation to arousal and recovery. During the review period, haemodynamic variables (blood pressure, heart rate, pulse oxygen
saturation were reported at baseline (prior to administration of
medication) and while sedated. Near-infrared spectroscopyderived somatic/renal regional saturations as a non-invasive measure of systemic venous oxygen delivery were not available in all
patients due to the retrospective nature of this study but is reported
when available. Quantitative data are presented as medians with
minimum and maximum values (ranges).
Significant adverse events related to sedation were defined as
escalation in care (such as administration or increases in supplemental oxygen) or the need for any additional/increased vasoactive
medications to maintain pre-procedural haemodynamics. Minor
adverse events were defined as changes from baseline values that
resolved without intervention (heart rate and pulse oxygen saturation decreases > 10% and > 30% drop in blood pressure). For all
sedated echocardiograms, the clinical report indicates whether
complete imaging was interrupted due to the patient waking
during the exam. To assess whether sedation was adequate,
echocardiogram reports were reviewed to determine if a complete
echo was obtained during sedation.
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Results
Five interstage infants with shunt-dependent pulmonary blood
flow underwent sedation with intranasal dexmedetomidine for
transthoracic echocardiography between September and
December 2020. Baseline characteristics are listed for patient cases
1–5 in Table 1. Four patients had hypoplastic left heart syndrome
and had undergone a Norwood procedure with a modified BlalockTaussig shunt for pulmonary blood flow. One infant had double
inlet left ventricle, normally related great vessels and severe pulmonary stenosis palliated with a Blalock-Taussig shunt for pulmonary
blood flow. Concomitant medications for all patients are listed
along with demographics in Table 1. Cases 1, 3, and 5 were on
supplemental oxygen via nasal cannula at baseline. At the time
of procedural sedation, cases 2, 3, and 5 were on continuous vasoactive support at baseline (0.25 mcg/kg/minute of milrinone).
Additionally, all patients except case 4 were on scheduled clonidine
and all patients except case 3 were on angiotensin-converting
enzyme inhibitor therapy at baseline. No patients were receiving
a continuous dexmedetomidine infusion.
At the time of sedation, patient age was 29–69 days and patients
were post-operative day 15–36 from S1P. The sedation times
for onset and duration were variable with each case. The median
sedation onset time and duration time was 24 minutes (range
12–43 minutes) and 60 minutes (range 33–60 minutes), respectively. Two (40%) patients woke during sedation, interrupting
the exam, but sedation was deemed adequate in all 5 patients as
complete echocardiograms with adequate images were accomplished. No patients required an additional intranasal dexmedetomidine rescue medication dose to obtain a complete study.
For the entire cohort of patients, baseline and procedural vitals
varied as demonstrated in Table 1. When compared to baseline,
three (60%) patients had a > 10% reduction in heart rate and
one (20%) patient had a > 10% reduction in pulse oxygen saturation. The latter scenario was case 5 who had a transient 23% pulse
oxygen saturation decrease from baseline to 61% pulse oxygen saturation; however, this was with a simultaneous elevation in heart
rate to 151beats per minute and may not be a sedation related
effect. All changes in heart rate and pulse oxygen saturation
self-resolved and did not require intervention. One (20%) patient
(case 1) had documented hypotension during sedation and recovered without intervention. This patient was not on milrinone and
the available near-infrared spectroscopy documentation demonstrated no significant (>10%) reduction in near-infrared spectroscopy throughout the entire procedural duration. Temporal trends
in baseline/pre-sedation and procedural vitals during sedation for
all cases are shown graphically in Figure 1 where onset of intranasal
dexmedetomidine administration is indicated at zero minutes.
There were no significant major adverse events or complications. Specifically, there were no escalations in respiratory or circulatory support. There were no episodes of post-procedure nausea
or vomiting and all patients awoke without agitation.
Discussion
In this case series, sedative effectiveness and safety of intranasal
dexmedetomidine for echocardiography sedation in the most haemodynamically vulnerable group of complex cyanotic CHD
patients was demonstrated. A one-time dose of 3 mcg/kg intranasal
dexmedetomidine resulted in successful study completion for all
five infants with shunt-dependent pulmonary blood flow. While
the majority of patients (80%) demonstrated changes in procedural
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Table 1. Patient characteristics at baseline and procedural data during sedation
Procedural vitals
Baseline HR
(per minute)

Baseline O2 flow
rate (lpm)/FiO2 (%)

Baseline
SpO2 (%)

HR range
(per
minute)

Clonidine,
captopril

146

1/25

82

146-170

79-94

27

Milrinone,
clonidine,
enalapril

143

RA

77

138-149

87-92

Norwood,
BTS

17

Milrinone,
clonidine

138

1/25

78

128-160

68-91

DILV, PS

BTS

15

Enalapril

174

RA

92

127-158

86-94

HLHS

Norwood,
BTS

21

Milrinone,
clonidine,
captopril

164

1.5/35

79

108-151

61-86

Case

Age
(day)/
Sex

POD
from
S1P

Diagnosis

S1P

1

46/F

HLHS

Norwood,
BTS

36

2

69/M

HLHS

Norwood,
BTS

3

69/F

HLHS

4

59/M

5

29/M

Medications

SpO2
range
(%)

BTS = modified Blalock-Taussig shunt; DILV = double inlet left ventricle; F = female; FiO2 = fraction of inspired oxygen; HLHS = hypoplastic left heart syndrome; HR = heart rate; lpm= L/minute;
M = male; POD = post-operative day; PS = pulmonary stenosis; RA = room air; S1P = stage 1 palliation; SpO2 = pulse oxygen saturation.

Figure 1. Temporal trends in baseline and procedural vitals during sedation for all cases. BPM = beats/minute; HR = heart rate; SpO2 = pulse oxygen saturation.

vitals, there were no significant haemodynamic or major adverse
events.
Transthoracic echocardiography is one of the most commonly
performed diagnostic procedures requiring sedation in uncooperative children. The optimal regimen has not been established,
leading to wide institutional variation in not only the choice of sedative agent but also the dose and route of administration. Drugs
like pentobarbital, propofol or some combination of narcotics,
benzodiazepines, inhaled anaesthetics, and etomidate have demonstrated improved image quality without serious adverse events;
however, they are not easily administered.17–18 Intranasal dexmedetomidine, intranasal ketamine, oral chloral hydrate, and intranasal midazolam have been described as perhaps more suitable
options.9,12,14–16,18
Dexmedetomidine is a highly selective alpha-2 agonist that provides anxiolysis, mild analgesia, and cooperative sedation without
respiratory depression.19 It decreases central nervous system
sympathetic outflow in a dose-dependent manner and can be
administered intranasally for procedural sedation which is ideal
when attempts to minimise traumatic administration via intravenous or intramuscular routes are taken into consideration.19–23
Oral chloral hydrate has previously been the drug of choice for
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moderate sedation in uncooperative infants and toddlers requiring
complete echocardiogram for decades.24–26 However, chloral
hydrate is no longer commercially available in the United
States.2 Prior studies have established good sedative features
of intranasal dexmedetomidine with short half-life, faster recovery time, and effective sedation.1,3
intranasal dexmedetomidine has been safely and effectively
used for sedation in children undergoing transthoracic echocardiography, but little has been published on its use in infants with
complex and/or cyanotic heart disease.10–13,18 Our institutional
experience has documented tolerance of intranasal dexmedetomidine in patients with significant complex heart disease and cyanotic heart disease; however, this had previously excluded single
ventricle heart disease.14 Virtually no published data exist regarding intranasal dexmedetomidine use in infants with single ventricle
physiology and shunt-dependent pulmonary blood flow who are
more at risk for complications related to changes in afterload and
heart rate. While intranasal dexmedetomidine has emerged as an
attractive option for procedural sedation in paediatrics, the downside to intranasal dexmedetomidine use includes dose-dependent
hypotension and bradycardia that may limit its use amongst interstage infants who have a potentially unstable circulation.20–21

4

Doses of 1.5–4 mcg/kg/dose intranasal dexmedetomidine have
been described for procedural sedation with higher doses resulting
in longer duration of adequate sedation.20–21,27 Based on institutional experience, our practice was to administer 3 mcg/kg as
an initial dose of intranasal dexmedetomidine with an adjunct
1 mcg/kg/dose if not sedated after 25 minutes. As previously published, the initial dose of 3 mcg/kg intranasal dexmedetomidine
resulted in high rates of echocardiogram completion with over
98% study completion without need for adjunct dose at our institution’s echo lab.14 This same initial intranasal dexmedetomidine
dose resulted in adequate sedation defined as successful study completion in all five inpatient interstage patients without the administration of a rescue adjunct dose. Two patients (40%) briefly awoke
during the echocardiogram but were able to fall back asleep without additional sedation.
There were no significant adverse events. Procedural vitals
showed reductions in heart rate, pulse oxygen saturation and blood
pressure when compared to baseline in all but one patient, however
these haemodynamic trends were considered minor as they did not
require escalation in care or interruption of echo and ultimately,
self-resolved. Consistent with its mechanism of action, most
patients receiving intranasal dexmedetomidine had a transient
lower heart rate during sedation, but this did not cause circulatory
compromise. We detected no concomitant hypoperfusion or
decreased contractility on echocardiogram in any of these patients.
There were no episodes of haemodynamic instability, and importantly, there was no requirement for any additional inotropy to
maintain haemodynamic stability.
Our institutional practice has favoured intranasal dexmedetomidine for echocardiographic sedation as it has several advantages
over other commonly used and comparable agents by avoiding
unpleasant side effects while maintaining ease of administration,
good efficacy, and low-risk profile. Midazolam, a benzodiazepine,
is the most commonly studied procedural sedation drug and can be
administered either intranasally or orally; however, it provides no
analgesia and is associated with adverse events such as post-operative behavioural changes, cognitive impairment, paradoxical
reactions, and respiratory depression.9,16 Additionally, intranasal
midazolam is known to provide nasal irritation and burning.28
On the contrary, intranasal ketamine is used for its pain controlling
aspect and may provide less bradycardia than dexmedetomidine
but is not devoid of adverse events such as gastrointestinal tract
stimulation, excessive salivation, nystagmus, an increased
incidence of emergence agitation, and an unpleasant bitter
taste.4–5,9,12,15 Finally, an important factor when choosing a sedative medication in children is their potential effect on the
developing brain.4,6,17 Neurotoxic effects of GABAergic agonists, such as midazolam, and NMDA receptor antagonists,
such as ketamine, have been established in animal studies,
whereas dexmedetomidine has demonstrated neuroprotective
effects in rodent models and primates.29–31
This study did have several limitations. The sample size of our
study was small, and further study in a larger cohort is needed to
truly evaluate both efficacy and safety. Although comprehensive
echo studies were completed in all subjects using a one-time dose
of 3 mcg/kg intranasal dexmedetomidine, while adequate sedation
was achieved, uninterrupted sedation was not achieved. Prior
investigations do suggest that when selecting intranasal dexmedetomidine dose for echo sedation, consideration for cyanotic CHD
is important as the effective dose for sedation is higher in children
with cyanotic CHD.18,20–21 Our study did not investigate different
dosing strategies for sedation in interstage infants nor the intranasal
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dexmedetomidine dose-response relationship since our target was
achieving sedation. Also, our study did not establish an objective sedation scale which is a consideration for future studies. Future investigation should consider the haemodynamic risk of a higher intranasal
dexmedetomidine dose balanced with the potential benefits of
longer depth and duration of sedation. Finally, it has been wellestablished that circulatory compromise during the interstage
period can be reflected using near-infrared spectroscopy-derived
somatic/renal regional saturations as a non-invasive measure of
systemic venous oxygen delivery and can allow for earlier identification of low cardiac output early after initial palliation of hypoplastic left heart syndrome.32 Due to the retrospective nature of this
study, complete near-infrared spectroscopy data on all patients
were not available. Additional study in patients with single ventricle physiology and shunt-dependent pulmonary blood flow during the interstage period using regional oximetry to fully describe
the haemodynamic effects of intranasal dexmedetomidine is
warranted.
Conclusions
In this preliminary case series, intranasal dexmedetomidine use in
interstage infants with shunt-dependent pulmonary blood flow
provided safe, adequate echocardiography sedation. No patients
required any intervention or interruption of the echocardiogram
study due to adverse events. These initial findings are encouraging
but larger-scale studies are needed with formal sedation scores in
order to definitively demonstrate intranasal dexmedetomidine
safety and efficacy in the high-risk CHD population.
Acknowledgements. None
Financial support. This research received no grant from any funding agency,
commercial or not-for-profit sectors.
Conflicts of interest. None
Ethical standards. The authors assert that all procedures contributing to this
work comply with the ethical standards of the Institutional Review Board guidelines on human experimentation and with the Helsinki Declaration of 1975, as
revised in 2008, and has been approved by the institutional review board approval by the Children’s Hospital of Wisconsin.

References
1. Schwartz LI, Twite M, Gulack B, Hill K, Kim S, Vener DF. The perioperative
use of dexmedetomidine in pediatric patients with congenital heart disease:
an analysis from the Congenital Cardiac Anesthesia Society-Society of
Thoracic Surgeons Congenital Heart Disease Database. Anesth Analg
2016; 123: 715–721.
2. Miller JW, Divanovic AA, Hossain MM, Mahmoud MA, Loepke AW.
Dosing and efficacy of intranasal dexmedetomidine sedation for pediatric
transthoracic echocardiography: a retrospective study. Can J Anaesth 2016;
63: 834–841.
3. Banasch HL, Dersch-Mills DA, Boulter LL, Gilfoyle E. Dexmedetomidine
use in a pediatric intensive care unit: a retrospective cohort study. Ann
Pharmacother 2018; 52: 133–139.
4. Lewis J, Bailey CR. Intranasal dexmedetomidine for sedation in children; a
review. J Perioper Pract 2020; 30: 170–175.
5. Fantacci C, Fabrizio GC, Ferrara P, et al. Intranasal drug administration for
procedural sedation in children admitted to pediatric emergency room. Eur
Rev Med Pharmacol Sci 2018 Jan; 22: 217–222.
6. Berkenbosch JW. Options and considerations for procedural sedation in
pediatric imaging. Paediatric Drugs 2015; 17: 385–399.

Cardiology in the Young
7. Tong Y, Ren H, Ding X, et al. Analgesic effect and adverse events of dexmedetomidine as additive for pediatric caudal anesthesia: a meta-analysis.
Paediatr Anaesth 2014; 24: 1224–1230.
8. Mekitarian Filho E, Robinson F, de Carvalho WB, Gilio AE, Mason KP.
Intranasal dexmedetomidine for sedation for pediatric computed tomography imaging. J Pediatr 2015 May; 166: 1313–1315.e1.
9. Alp H, Elmacı AM, Alp EK, Say Bülent. Comparison of intranasal midazolam, intranasal ketamine, and oral chloral hydrate for conscious sedation
during paediatric echocardiography: results of a prospective randomised
study. Cardiol Young 2019; 29: 1189–1195.
10. Gu HB, Song YA, Bai J. ED50 of intranasal dexmedetomidine sedation for
transthoracic echocardiography in children with or without a history of
cardiac surgery for cyanotic congenital heart disease. Biomed Res Int
2020; 2020: 1349432–7.
11. Gu HB, Song YA, Bai J. Median effective dose of intranasal dexmedetomidine for transthoracic echocardiography in children with Kawasaki disease
who have a history of repeated sedation. Med Sci Monit 2019; 25: 381–388.
12. Sun M, Liu H, Yu Q, et al. A comparison of intranasal dexmedetomidine
and dexmedetomidine-ketamine combination sedation for transthoracic
echocardiography in pediatric patients with congenital heart disease: a randomized controlled trial. J Cardiothorac Vasc Anesth 2020; 34: 1550–1555.
13. Williams JL, Raees MA, Sunthankar S, et al. Sedated echocardiograms better characterize branch pulmonary arteries following bidirectional glenn
palliation with minimal risk of adverse events. Pediatr Cardiol 2020; 41:
955–961.
14. Saudek DE, Walbergh D, Bartz P, et al. Intranasal dexmedetomidine provides successful and safe moderate sedation for pediatric echocardiography
in infants and uncooperative young children — the ideal sedative? J Am Soc
Echocardiogr Jun 2019, New York (NY): Elsevier, Inc. Abstract P1-043.
15. Goyal R, Singh S, Bangi A, Singh SK. Case series: dexmedetomidine and
ketamine for anesthesia in patients with uncorrected congenital cyanotic
heart disease presenting for non-cardiac surgery. J Anaesthesiol Clin
Pharmacol 2013 Oct; 29: 543–546.
16. Panda S, Pujara J, Chauhan A, et al. Comparative study of intranasal dexmedetomidine v/s midazolam for sedation of pediatric patients during
transthoracic echocardiography. Ann Card Anaesth 2021; 24: 224–229.
17. Staudt GE, Eagle SS. DEX marks the spot: finding the optimal sedation regimen for pediatric patients undergoing sedated transthoracic echocardiography. J Cardiothorac Vasc Anesth 2020; 34: 1556–1557.
18. Miller JW, Ding L, Gunter JB, et al. Comparison of intranasal dexmedetomidine and oral pentobarbital sedation for TTE in infants and toddlers: a
prospective, randomized, double-blind trial. Anesth Analg 2018; 126:
2009–2016.
19. Hayden JC, Breatnach C, Doherty DR, et al. Efficacy of alpha-2 agonists for
sedation in pediatric critical care: a systematic review. Pediatr Crit Care
Med 2016; 17: e66–75.

https://doi.org/10.1017/S1047951122002074 Published online by Cambridge University Press

5
20. Yang F, Li S, Shi Y, et al. Fifty percent effective dose of intranasal dexmedetomidine sedation for transthoracic echocardiography in children with
cyanotic and acyanotic congenital heart disease. J Cardiothorac Vasc
Anesth 2020; 34: 966–971.
21. Yu Q, Liu Y, Sun M, et al. Median effective dose of intranasal dexmedetomidine sedation for TTE in pediatric patients with noncyanotic congenital
heart disease: an up-and-down sequential allocation trial. Paediatr Anaesth
2017; 27: 1108–1114.
22. Pan W, Wang Y, Lin L, et al. Outcomes of dexmedetomidine treatment in
pediatric patients undergoing congenital heart disease surgery: a metaanalysis. Paediatr Anesth 2016; 26: 239–248.
23. Poonai N, Spohn J, Vandermeer B, et al. Intranasal dexmedetomidine for
procedural distress in children: a systematic review. Pediatrics 2020; 145:
e2019–1623.
24. Hill GD, Walbergh DB, Frommelt PC. Efficacy of reconstituted oral chloral
hydrate from crystals for echo sedation. J Am Soc Echocardiogr Apr 2016;
29: 337–340.
25. Miller J, Xue B, Hossain M, et al. Comparison of dexmedetomidine and
chloral hydrate sedation for transthoracic echocardiography in infants
and toddlers: a randomized clinical trial. Paediatr Anaesth 2016 Mar; 26:
266–272.
26. Fett J, Hackbarth R, Boville BM, et al. Comparative effectiveness of intranasal dexmedetomidine-midazolam versus oral chloral hydrate targeting
moderate sedation during pediatric transthoracic echocardiograms.
J Pediatr Intensive Care 2017; 6: 182–187.
27. Tug A, Hanci A, Turk HS, et al. Comparison of two different intranasal
doses of dexmedetomidine in children for magnetic resonance imaging
sedation. Paediatr Drugs 2015; 17: 479–485.
28. Sheta SA, Al-Sarheed MA, Abdelhalim AA. Intranasal dexmedetomidine vs
midazolam for premedication in children undergoing complete dental
rehabilitation: a double-blinded randomized controlled trial. Paediatr
Anaesth 2014; 24: 181–189.
29. Jevtovic-Todorovic V, Absalom AR, Blomgren K, et al. Anaesthetic neurotoxicity and neuroplasticity: an expert group report and statement
based on the BJA Salzburg Seminar. Brit J Anaesth 2013 Aug 1; 111:
143–151.
30. Sanders RD, Sun P, Patel S, Li M, Maze M, Ma D. Dexmedetomidine
provides cortical neuroprotection: impact on anaesthetic-induced neuroapoptosis in the rat developing brain. Acta Anaesth Scand 2010 Jul; 54:
710–716.
31. Koo E, Oshodi T, Meschter C, Ebrahimnejad A, Dong G. Neurotoxic effects
of dexmedetomidine in fetal cynomolgus monkey brains. J Toxicol Sci 2014
Apr 1; 39: 251–262.
32. Hoffman GM, Ghanayem NS, Scott JP, et al. Postoperative cerebral and
somatic near-infrared spectroscopy saturations and outcome in hypoplastic
left heart syndrome. Ann Thorac Surg 2017 May; 103: 1527–1535.

