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Purpose of review

In recent years, ultrafast-track anesthesia with on-table extubation and concepts of accelerated
postoperative care have gained increasing support in pediatric congenital cardiac surgery. It is believed
that such approaches might ideally combine economic benefits with a striving for continuous improvement
of patient outcomes. The present review summarizes the role of dexmedetomidine (DEX) in this setting.

Recent findings

DEX is a clinical multipurpose drug that mediates its diverse responses through the activation of a2-
adrenoreceptors. In pediatric cardiac surgery it has various applications. Used as a premedication, DEX
provides arousable sedation and anxiolysis. As an intraoperative adjunctive agent of balanced general
anesthesia the primary objectives for its administration are attenuation of the neuro-humoral stress response
and facilitation of early extubation. During ICU treatment DEX spares opioids, prevents the risk of
postoperative delirium or emergence agitation and impacts on important patient-centered outcomes, such
as duration of mechanical ventilation, restart of enteral nutrition or length of ICU stay.

Summary

Due to a favorable mix of beneficial physiologic actions and a limited adverse effect profile, DEX is
established in the perioperative pediatric cardiac surgery setting. However, evidence from high-quality
randomized controlled trials on the effects of supplemental DEX on meaningful patient outcomes is scarce,
and research on the role of DEX in providing cardioprotection, neuroprotection, or renoprotection is still at
its beginning. DEX has developed to one of the main agents in the armamentarium of cardiac
anesthesiologists and pediatric intensivists, but it should not be regarded as the new ‘magic bullet’.
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Congenital heart disease (CHD) is one of the most
common anomalies at birth with an incidence of
four to eight per 1000 births [1]. Due to continuous
progress in the interventional and surgical treat-
ment of CHD, about 90% of these patients nowa-
days survive beyond childhood. To further improve
outcomes, the idea of ultrafast-track (UFT) anesthe-
sia has attracted considerable and renewed interest.
The spread of this idea reflects a fundamental para-
digm shift, as traditionally high-dose opioid admin-
istration along with postoperative mechanical
ventilation has been considered unavoidable to
counteract the surgically induced deleterious acti-
vation of the neurohumoral systems [2]. However,
with the emergence of innovative drugs such as
remifentanil or dexmedetomidine (DEX), it has
become conceivable to resolve the previous incom-
patibility that existed between ensuring adequate
analgesia and stress protection on the one hand and
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other hand [3]. In addition to the introduction of
new drugs, the increasing economic pressure on
hospitals and the worsening shortage of qualified
staff have amplified the efforts to develop sustain-
able fast-track concepts [4

&&

]. In the field of
adult cardiac surgery, it has been proven more
than 2 decades ago that fast-track concepts can
ealth, Inc. All rights reserved.
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KEY POINTS

� DEX is becoming increasingly popular in pediatric
cardiac surgery, because it promotes a natural,
nonrapid-eye-movement sleep, anxiolysis, and
analgesia without concurrent respiratory depression.

� Hypotension and bradycardia are potential
hemodynamic side-effects of DEX, but most studies
found these effects to be self-limiting and
clinically benign.

� DEX facilitates on-table extubation in the context of
ultrafast-track anesthesia and accelerated
postoperative care.

� An increasing body of evidence indicates that
perioperative DEX treatment is associated with
improvements in important patient-centered outcomes.

� Preliminary data suggesting that DEX may inhibit
inflammatory response, attenuate ischemic-reperfusion
injury, and potentially provide neuroprotection are
awaiting further confirmation by experimental as well
as clinical studies.

Dexmedetomidine in pediatric cardiac anesthesia Kiski et al.
significantly save costs and consistently improve
resource use [5].

The exclusive pharmacological profile of DEX
makes this compound – at least theoretically – an
appealing option for use in UFT scenarios [6]. In the
meantime, ongoing research has emphasized that
DEX plays a decisive role in this environment,
not only in theory but also in clinical practice [7–
9]. It was therefore of no surprise that Akhtar et al.
[10

&&

] became aware of the close interconnections
between DEX and UFT anesthesia, when they exam-
ined the current clinical practice by means of a
multicenter international survey, which involved
91 centers from 29 European and non-European
countries. The most frequently used intravenous
anesthetic agent was still propofol (66% of the
responses), whereas already 31% of those anesthesi-
ologists who were running UFT protocols had
started to implement DEX.

Therefore, the purpose of this review is to char-
acterize the pharmacology of DEX and to explore its
potential benefits for different clinical applications,
including premedication, intraoperative mainte-
nance of anesthesia and postoperative care.
PHARMACOLOGY

DEX is currently not approved by the U.S. Food &
Drug Administration for pediatric patients. Never-
theless, it has attracted growing attention in the field
of pediatric cardiac surgery, mainly because DEX – as
compared with alternative drugs – offers the obvious
 Copyright © 2019 Wolters Kluwe
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advantage of producing good sedative and analgesic
effects without concurrent respiratory depression.

DEX activates pre- and postsynaptic a2-receptors,
thereby inhibiting the secretion of noradrenaline
in adrenergic neurons and the release of other
neurotransmitters such as dopamine, serotonin and
g-aminobutyric acid (GABA) in nonadrenergic neu-
rons [11,12]. At least three different subgroups of
a2-receptors do exist, a2A, a2B, and a2C. Each of
the subtypes is encoded by a different gene. In
humans these genes are located on chromosomes
10, 2, and 4. DEX interacts with all three a2-receptor
subtypes, thereby mediating a wide range of physio-
logical actions. a2-receptors are located ubiquitously
throughout the peripheral and central nervous sys-
tem and have been identified in a number of
organs, including vascular smooth muscle cells,
liver and kidney. Basically, stimulation of presynaptic
a2-receptors inhibits the release of noradrenaline
and possibly substance P, whereas the activation of
central postsynaptic a2-receptors produces sympa-
tholysis. It is thought that some of the cellular
effects of DEX are not triggered by a2-receptors,
but rather by an alternative signal transduction
pathway, presumablyviacerebral imidazole receptors
[13

&

,14].
The main site of action of DEX is the locus

coeruleus, a nucleus in the pons of the brainstem,
which is part of the reticular activating system, and
as such controls the physiologic responses to stress
or panic. Neurophysiologically, the locus coeruleus
is the largest cluster of noradrenergic neurons in the
brain. The most important task of this group of
neurons is the regulation of directed attention
and alertness. The binding of DEX to a2-receptors
leads to decreased noradrenergic output and
increased GABA firing in the locus coeruleus and
downstream formations such as the limbic system,
the hypothalamus and the neocortex, and initiates
the described anxiolytic and sedative effects of DEX.

Another target for DEX are a2-receptors of the
sympathetic nervous system, whose stimulation
decreases central sympathetic outflow from the med-
ullaryvasomotor center [15].Onthe otherhand, DEX
augments the activity of the parasympathetic ner-
vous system and increases signaling through the
vagus nerve. Both sympatholytic and vagomimetic
actions contribute to the complex biphasic effect of
a2-agonists on arterial blood pressure (BP). The initial
increase in BP following rapid intravenous adminis-
tration or bolus of DEX is due to vasoconstriction
mediated through the stimulation of peripheral post-
synaptic a2B-receptors in the vascular smooth muscle
cells of resistance vessels, whereas subsequent
bradycardia and hypotension are triggered by the
stimulation of central a2A-receptors which causes
r Health, Inc. All rights reserved.
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sympatholysis. Because of the biphasic profile on BP,
it is generally discouraged to use DEX as a bolus.

DEX also interferes with the nociceptive system
at different levels. By altering central pain process-
ing and potentiating opioid effects, it has significant
coanalgesic qualities. In addition, the stimulation of
spinal a2-receptors and the inhibition of substance P
release from the dorsal horn of the spinal cord
significantly contribute to the primary analgesic
effect [16]. However, the analgesic properties of
DEX are not so pronounced that opioids could be
completely abandoned during surgery.

Both DEX and clonidine incorporate an imid-
azole structure and belong to the same pharmaco-
logical drug class. The advantage of DEX over
clonidine is its eight-fold higher specificity for the
a2-receptor subtype. DEX has an a1/a2 selectivity
ratio of 1/1600, as compared with a ratio of 1/200 for
clonidine [17]. In contrast to clonidine, DEX is
considered to be a full agonist of a2-receptors, which
precludes unwanted increases in systemic vascular
resistance from activation of a1-receptors in vascular
smooth muscle cells. DEX, like most a2-agonists, has
a relatively low molecular weight and is lipophilic.
DEX’s pharmacokinetic profile is characterized by a
rapid distribution phase with a distribution half-life
of about 6 min and a – compared with clonidine
(elimination half-life 9–12 h) – significantly shorter
terminal elimination half-life of 2 h [18]. The rapid
tissue distribution and short elimination kinetics
result in a good controllability and, therefore, allow
prompt adjustment of the desired depth of sedation
by manipulating the infusion rate. DEX is almost
completely metabolized in the liver. There are no
active or toxic metabolites. Renal function has vir-
tually no effect on the elimination rate.
EFFECTS OF DEXMEDETOMIDINE ON
DIFFERENT ORGAN SYSTEMS

The pharmacodynamic interactions of DEX are
complex. The various end-organ effects are detailed
below and summarized in Table 1.
Central nervous system

DEX produces reliable and predictable sedation
which has optionally been termed ‘conscious’ or
‘arousable’ or ‘cooperative’ sedation. Unlike other
sedatives such as benzodiazepines or propofol which
have the potential to cause delirium, DEX is the only
drug whose EEG pattern is very similar to natural
nonrapid eye-movement sleep.

Chrysostomou et al. [19] were the first to
describe DEX as the primary sedative and analgesic
agent after pediatric cardiac surgery. Hall et al. [20]
 Copyright © 2019 Wolters Kluwer H
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showed in a randomized, double-blinded study that
patients receiving small-dose DEX infusions (0.2 and
0.6 mg/kg/h) were immediately responsive and
returned to a sleep-like state if they were left alone
again. The effect of sedation and hypnosis is dose-
dependent, as has been verified by Ebert et al. [12] in
healthy volunteers. Hsu et al. [21] confirmed in
adult ICU patients that a relatively low plasma con-
centration of 0.6 ng/ml is adequate to produce
satisfactory sedation.

In addition to providing sedation and hypnosis
after pediatric cardiac surgery, important central
actions of DEX include treatment of agitation, delir-
ium, withdrawal symptoms, shivering and tachyar-
rhythmias, reduction of the need for opioids or
benzodiazepines, and delivery of primary analgesia
[16].
Cardiovascular system

DEX acts on the cardiovascular system primarily
through three different mechanisms:
(1)
ea
decrease of central sympathetic outflow from
the medullary vasomotor center,
(2)
 increase of central parasympathetic outflow and

(3)
 activation of a2B-adrenoreceptors, located on

smooth muscle cells in the resistance vessels.
The resultant decrease in heart rate has been
shown to be dose-dependent [12]. Tobias and Chrys-
ostomou [22] demonstrated that the administration
of DEX was followed by a moderate decrease in heart
rate from 140 to 115 bpm. Neonates and small
infants experienced a significant greater decrease
than older children did. However, it is worth to
mention that a moderate reduction in heart rate
is advantageous in a number of pathophysiological
conditions. A lower heart rate leads to a longer
duration of diastole, a more complete filling of
the ventricles and consequently results in a higher
stroke volume. In subsets of patients with CHD, for
example children following surgical repair of tetral-
ogy of Fallot or the Fontan procedure, diastolic
dysfunction due to decreased ventricular compli-
ance plays a critical role. A longer duration of dias-
tole results in better myocardial perfusion. The
myocardial O2-consumption decreases, which opti-
mizes the ischemic tolerance of the heart muscle.

The sporadic occurrence of complete atrioven-
tricular block, sinus node arrest or asystole as a
consequence of DEX’s negative dromotropic and
chronotropic actions has been described in the lit-
erature and has been qualified as potentially harm-
ful [23,24]. However, morbidity and, at worst,
mortality associated with the administration of
lth, Inc. All rights reserved.
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Table 1. Pharmacodynamic profile of dexmedetomidine

Organ Effects Side effects

CNS ‘Arousable sedation’ with cooperative patients
Anxiolysis
Dose-dependent amnestic effects
Coanalgesic effect (opioid-sparing)
Delayed opioid-tolerance
Prophylaxis of postoperative delirium
Autonomic inhibition in withdrawal symptoms
Suppression of emergence delirium
Neuroprotection
Rapid postoperative restoration of neurocognitive functions

Awareness
Hallucinations
Unreliable amnesia
Nightmares

Cardiovascular system No negative inotropic effects
Antiarrhythmic potential
Suppression of junctional ectopic tachycardia
Reduction of myocardial O2-consumption
Bradycardia and hypotension
Potentially cardioprotective properties

Symptomatic bradycardia
AV-block
Sinus node arrest
Vasodilatation
Biphasic effect on blood pressure
Decreased cardiac output

Respiratory system Bronchodilatation
No or little respiratory depression
Sustained control on protective and defensive reflexes

Gastrointestinal tract Antiemetic potential Xerostomia
Anadipsia
Delayed gastric emptying
Obstipation

Kidneys Increased urine output
Increased renal blood flow
Increased glomerular filtration rate
Inhibition of ADH-release
Renoprotective properties

Polyuria

Blood Increased aggregation of platlets
Reduction of intraoperative blood losses

Increased risk of thrombosis

Muscle Reduction of postoperative shivering
Reduction of opioid-induced muscle rigidity

Hypothermia

Endocrine system Inhibition of stress hormone release
Inhibition of insulin and renin release
Inhibition of lipolysis

Hyperglycemia
Suppression of cortico-adrenal function

ADH, antidiuretic hormone; AV, atrioventricular block; CNS, central nervous system. Modified from [3].

Dexmedetomidine in pediatric cardiac anesthesia Kiski et al.
DEX appear to be extremely rare and most often
occur in patients who have received other negative
chronotropic drugs at the same time. Ingersoll-
Weng et al. [25] were the first who reported a clinical
case of asystole related to the use of DEX. Their
patient was being treated with pyridostigmine.
The increase in vagal tone following the adminis-
tration of pyridostigmine may have potentiated the
sympatholytic and vagomimetic properties of DEX.
Although it is extremely unlikely that DEX will
cause asystole or a threatening bradyarrhythmia,
application will regularly result in bradycardia.
However, usually heart rate recovers quickly after
appropriate dose adjustment because of the short
context-sensitive half-life of DEX.

What on the one hand results in unwanted
cardiovascular side effects makes DEX on the other
hand a good therapeutic option for the prevention
and control of various tachyarrhythmias, such as
 Copyright © 2019 Wolters Kluwe
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junctional ectopic tachycardia (JET). The efficacy
of DEX was recently confirmed by a meta-analysis
involving 1646 cardiac surgery children [26]. JET
occurred in 5.1% of DEX-treated patients com-
pared with 12.1% of children who did not receive
the drug. These findings were further underlined by
El Amrousy et al. [13

&

] who performed a random-
ized controlled trial (RCT) and showed that pro-
phylactic DEX lowered the incidence of JET from
16.7% in the placebo group to 2.2% in the
DEX group.
Respiratory system

Based on clinical criteria, the respiratory system is
not compromised by DEX, even at high doses
[12,27]. This observation seems logical since the
a2-adrenoreceptor does not play a role in the
medullary respiratory center. Mild respiratory
r Health, Inc. All rights reserved.
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depression at high plasma concentrations of DEX is
more probably secondary to profound sedation.

In addition, DEX has opioid-sparing effects.
Therefore, fewer additional opioid-induced respira-
tory depressive effects occur. Furthermore, with
DEX sedation and analgesia the control on protec-
tive and defensive reflexes is not suspended. Cough-
ing and the expectoration of secretion are not
affected.
Kidney

DEX increases glomerular filtration rate and renal
blood flow and consequently urine output. The
inhibition of the secretion of antidiuretic hormone
further contributes to the increased urine volume.
Kwiatkowski et al. [28] found a decreased incidence
of acute kidney injury (AKI) after congenital heart
surgery with the use of cardiopulmonary bypass
(CPB) in children treated with DEX. In their sin-
gle-center, retrospective, matched cohort study they
showed that the use of DEX was associated with a
lower incidence of AKI (24 vs. 36%; odds ratio 0.54).
POTENTIAL CLINICAL APPLICATIONS OF
DEXMEDETOMIDINE THROUGHOUT THE
PERIOPERATIVE PERIOD

DEX is used in pediatric cardiac surgical children for
different clinical applications.
Premedication

DEX is increasingly accepted as an alternative to
midazolam for premedication in children with
CHD. Part of the popularity of DEX as a premedicant
is the possibility to administer the medication trans-
nasally as an atomized fine particulate spray. This is
a nontraumatic, noninvasive and painless route to
safely and effectively apply the appropriate dose.
The dosages reported in the literature cover a wide
spectrum and range between 0.2 and 4.0 mg/kg [29–
32]. At our institution we administer a dose of
0.5 mg/kg in children younger than 6 months and
1.0 mg/kg in older children.

Sun et al. [29] demonstrated in a recent meta-
analysisof11prospectiveRCTs including829children
that DEXpremedication was superior to midazolam in
terms of producing satisfactory sedation upon parent
separation and mask acceptance. Moreover, the
authors found that DEX premedication provided clin-
ical benefits in the immediate postoperative period,
because it reduced pain, agitation, delirium, and shiv-
ering. The results of the meta-analysis revealed that
the onset of sedation of DEX was approximately
14 min longer than that of midazolam. As was to be
 Copyright © 2019 Wolters Kluwer H
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expected, DEX cause dose-dependent fluctuations in
heart rate and BP. Systolic BP values were around
11mmHg lower in DEX treated children, and heart
rate was reduced by around 13bpm compared with
midazolam. The lowest heart rate observed was
42bpm. The authors recommend to seriously consider
the risks of heart rate and BP decreases.

Two recent RCT’s specifically address premed-
ication in the population of children with CHD
[30,31]. Faritus et al. [30] administered a rather high
dose of DEX (2 mg/kg) and compared the effects on
anxiety, mask acceptance, and hemodynamics to
oral midazolam (0.5 mg/kg). Interestingly, changes
in heart rate or BP were not significantly different
between the groups. However, DEX children
showed a better mask acceptance while sedation
scores were similar. In Messeha’s study a DEX dose
of 1.0 mg/kg was given transnasally and compared
with 0.2 mg/kg midazolam [31]. DEX proved supe-
rior in terms of sedation and anxiety levels and in
the ease of separation from the parents. All children
in the DEX group were adequately sedated. In
striking contrast to the results of Faritus et al.
[30], heart rate and BP dropped to significantly
lower values in the DEX group but without reach-
ing a critical level.
Dexmedetomidine as adjunct agent of
balanced general anesthesia for pediatric
cardiac surgery

There is an increasing body of evidence supporting
the intraoperative use of DEX. Importantly, in rec-
ipes designed for on-table extubation it occupies a
key position [3,4

&&

,6,33
&

,34
&&

].
Adjuvant intraoperative DEX dosing aims to

establish average plasma concentrations in the
range of 0.7–1.2 ng/ml, which simultaneously pro-
duce satisfactory sedation and analgesia and signif-
icantly reduce cortisol, blood glucose, and serum
catecholamine response [12,35]. In a study by Sna-
pir et al. [36] catecholamine levels decreased by
approximately 70% at a DEX plasma concentration
as low as 0.5 ng/ml. At higher concentrations that
exceed 2.0 ng/ml only slight further reductions of
these stress response markers were noted. In our, as
in other institutions, targeted plasma levels of DEX
are safely and securely achieved with a bolus of
1.0 mg/kg over 10 min followed by infusion of
0.2–0.7 mg/kg/h [15,35,37

&

,38]. For practical rea-
sons it is recommended to start the DEX bolus
and maintenance infusion at the end of anesthetic
induction. Immature neonatal hepatic function
requires an adjustment of the weight-based dose.
If the dose required for older children is reduced by
about 40%, neonates will reach similar plasma
ealth, Inc. All rights reserved.
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concentrations at steady state [6]. Beyond 1 month,
the age effect can be neglected, and pharmacoki-
netic data are comparable with those reported in the
adult population [39].

Two special conditions need attention, when DEX
is used in congenital cardiac anesthesia: CPB, and
intracardiac shunts. The onset of CPB affects drug
plasma levelsbyanumberof factors including induced
hypothermia, hemodilution, binding to components
of the bypass circuit, albumin concentrations of the
plasma and bypass prime volume, ultrafiltration,
altered blood flow to target organs and inflammatory
processes. The effects of CPB on DEX pharmacokinet-
ics in children have only recently been elucidated
[6,37

&

]. Zimmerman et al. [37
&

] conducted an oppor-
tunistic pharmacokinetic study in young children
with a median age of 3.3 month. Consistent with what
was expected DEX clearance decreased markedly by a
factor of more than 3 after CPB, and the volume of
distribution increased. The authors simulated dosing
recommendations, targeting a plasma concentration
of 0.6ng/ml. A bolus of 0.7 mg/kg over 10min in the
pre-CPB period followed by continuous infusion of
0.2 mg/kg/h during CPB led to target concentrations.
Post-CPB a higher rate of 0.4 mg/kg/h was required to
maintain the desired level. To a lesser extent DEX
pharmacokinetics are influenced by the presence of
an intracardiac shunt. A right-to-left intracardiac
shunt leads to the recirculation of blood through
the systemic circulation including the liver, and con-
sequently toan increasedclearance fordrugswithhigh
hepatic extraction [40]. It has been shown, for exam-
ple, that after a Glenn anastomosis, children have a
24% increased DEX clearance and therefore need a
higher dose to attain target plasma levels [6].

An increasing number of published studies
describe the intraoperative use of DEX and support
the notion that DEX can be harnessed for a whole
range of beneficial physiologic effects, for example to
suppress the neuroendocrine stress response, to
decrease opioid-requirements, to lower the minimum
alveolar concentration for volatile anesthetic agents,
to prevent JET, to treat tachyarrhythmias, to optimize
patient outcomes, or to facilitate on-table extubation,
to mention just the most promising claims [41

&&

,42].
In addition, findings from cardiac surgical patients
and animal models demonstrate intriguing neuropro-
tective and renoprotective properties, which appear to
be the result of DEX’s combination of smpatholytic,
cytoprotective, antiischemic, and anti-inflammatory
actions [26,28,43–45].

Recently, Schwartz et al. [41
&&

] presented a big
data analysis to scrutinize the emerging use of DEX
in cardiac surgery children. They used the Congeni-
tal Cardiac Anesthesia Society – Society of Thoracic
Surgeons registry and studied a total of more than
 Copyright © 2019 Wolters Kluwe
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12 000 children, from 29 medical centers, of whom
3600 received DEX. They explored center-level and
patient-level variability in the use of DEX and exam-
ined the association with outcomes. During the 3-
year study period, a steady increase in DEX use was
noted. However, there were major differences
between the participating centers, with some cen-
ters that did never use DEX and others that per-
formed more than 90% of the operations with this
drug. DEX children exhibited both significantly
lower patient and procedural risk factors. Consistent
with their lower risk profile, children in the DEX
group showed improved outcomes, for example a
smaller number of major complications or arrhyth-
mias, shorter mechanical ventilation times, shorter
length of hospital stay, lower incidence of postop-
erative neurological injuries (1.3 vs. 2.7%) and
improved in-house mortality rates (1.33 vs. 4.11%).

Despite the purely exploratory nature of their
analysis, the data presented by Schwartz et al. none-
theless strengthen the hypothesis of beneficial out-
come effects of the application of DEX. In adult
patients undergoing cardiac surgery this assumption
has already a more solid foundation. In a large group
of patients Ji et al. [46] revealed that major morbidity
and mortality was improving with the administra-
tion of DEX. In their propensity score analysis of
1134 patients DEX use significantly reduced 1-year
mortality (3.17 vs. 7.95%; adjusted odds ratio, 0.47).
The results further suggested an association with a
reduced incidence of delirium and overall compli-
cations after cardiac surgery.

These results cannot simply be extrapolated to
the physiologically very different population of chil-
dren with CHD. However, also in pediatric cardiac
surgery evidence accumulates that points in the
same direction. In a prospective controlled trial
carried out by El Amrousy et al. [13

&

], 90 cardiac
surgical children were randomized. The primary
outcome was the incidence of postoperative JET,
but secondary outcomes included ventilation time,
ICU stay, length of hospital stay, and perioperative
morality. The study results proved that not only the
incidence of JET decreased significantly, but also
that DEX significantly shortened ventilation time,
and postoperative ICU and hospital stay. No differ-
ence was seen as regards mortality, bradycardia,
or hypotension.

El Amrousy’s study is limited by the relatively
small number of patients involved. By contrast, a
total of 2229 patients from five RCTs and nine
observational studies were included in a systematic
review and meta-analysis performed by Pan et al.
[4

&&

]. Their results are striking as in pooled analyses,
DEX was found to shorten length of mechanical
ventilation, to reduce opioid requirements and
r Health, Inc. All rights reserved.
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the risk of delirium, and to blunt perioperative stress
response as indicated by lower blood glucose and
serum cortisol levels. There were no significant dif-
ferences in the ICU or hospital durations. The
authors concluded that their meta-analysis offers
convincing evidence to recommend DEX in chil-
dren with CHD, but at the same time they under-
lined that their findings largely rely on data from
observational studies and called for high-quality
RCTs.

The demand for more prospective studies is also
raised by Achuff et al. [33

&

]. Although awaiting more
robust data, these authors presented a retrospective
analysis and investigated the relationship between
intraoperative DEX and postoperative mechanical
ventilation. They found in 441 cardiac surgical chil-
dren that the odds of receiving mechanical ventila-
tion was two times higher for children not receiving
DEX after adjusting for variables.

This is in direct contrast to the study by Le et al.
[38], which is one of the few that could not show
favorable effects of DEX. But precisely because Le’s
study is not in line with the large number of articles
showing positive results, it should not be ignored. Le
et al. examined the efficacy of DEX to facilitate quick
weaning from mechanical ventilation after pediatric
cardiac surgery. Their retrospective cohort study on
269 patients reported that DEX did not significantly
impact the course of cardiac surgical children com-
pared with standard practice as measured by success
of early extubation, ventilator time, and length of
ICU and hospital stays. However, extubation was
achieved in the operating room in 42% of the con-
trol group, and in 24 h of surgery in 75%. The
authors admitted that with this extubation rate it
would be difficult for DEX to further enhance the
practice of early extubation.
Potential applications for dexmedetomidine
in the pediatric cardiac ICU

Besides from providing sedation and anxiolysis with
minimal side effects, DEX application in the ICU
aims to decrease the incidence of postoperative
delirium which occurs commonly after pediatric
cardiac surgery. In this context, Pan et al.’s [4

&&

]
study deserves to be recalled again. Their meta-anal-
ysis showed that DEX reduced the incidence risk of
agitation or delirium following CHD surgery (odds
ratio 0.39), which is important in pediatric patients
after CHD surgery to avoid poor outcomes, such as
prolonged ICU and hospital stays, slower recovery
from cognitive impairment, and higher risk of mor-
tality. Not in children but in adult patients, vigorous
data from randomized studies are available which
allow for the quantification of the effect of DEX on
 Copyright © 2019 Wolters Kluwer H
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the incidence of postoperative delirium. Su et al. [47]
could show in a well conducted trial on a cohort of
700 elderly patients after noncardiac surgery that
the incidence of postoperative delirium was signifi-
cantly lower in the group that received low-dose
prophylactic DEX than in the placebo group (9 vs.
23%), whereas the occurrence of hypotension and
bradycardia did not differ.

The coanalgesic properties of DEX have already
been discussed above. Consequently, a number of
studies have demonstrated a significant decrease in
opioid requirements during and after surgery as a
result of DEX supplementation [48

&

,49,50]. The lack
of opioid-related side effects like respiratory depres-
sion or bowel dysmotility are a central feature of the
increasing use of DEX in the pediatric ICU.

Another beneficial effect of postoperative DEX
treatment is the above-mentioned lower incidence
of JET. Ghimire and Chou [51] recently showed that
prophylactic DEX is effective in reducing the inci-
dence of postoperative JET without any significant
increases in adverse events.
CONCLUSION

DEX is not the new ‘magic bullet’ for pediatric
cardiac surgery. However, study results and increas-
ing clinical experience have confirmed the favorable
risk–benefit ratio of DEX in pediatric cardiac sur-
gery, and have firmly established its clinical appli-
cation as premedication, as adjunct of balanced
anesthesia and during postoperative care. On the
contrary, most of the research done in the field is
observational in nature, and more well conducted
studies that rigorously determine the effects of DEX
on important patient-centered outcomes are
needed. Importantly, a number of experimental
studies support the notion that the combination
of anti-inflammatory, antiischemic, cytoprotective,
and sympatholytic properties of DEX may translate
to meaningful protective effects on vital end-organs.
Only concentrated research efforts will help to elu-
cidate potential molecular mechanisms and to
understand whether or not DEX plays a role in
the long-standing search for neuroprotection, car-
dioprotection, or renoprotection.
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