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Panacea — goddess of all cures




Woodcut by Veronese physician Joseph Gazola, 1716



Asclepius and the family




Dexmedetomidine

 Maybe not a panacea.

e But a useful tool in the anesthetic and critical
care management of children with congenital
heart disease



Disclosures




Objectives

Participants will:

Understand the pharmacology of dexmedetomidine

Discuss the clinical utility of dexmedetomidine in the
pediatric cardiac patient population

Recognize the limitations of using dexmedetomidine in
children with congenital heart disease

Explore potential benefits of dexmedetomidine as
presented in basic science literature



Dexmedetomidine

CH,

e
-
(3

a,-adrenergic receptor agonist
a,:a, selective binding 1600:1 </

— 7x more selective than clonidine

o. phase, redistribution half-life= 7 mins
B phase, terminal elimination half life = 2 hrs
Clearance 15 mL/kg/min

Shorter half-life than clonidine
— Allows for infusion titration

CH,

* HCI



Dexmedetomidine

* Hepatic metabolism — similar to morphine and
acetaminophen

— Inactive metabolites

— 85% glucuronidation
e Uridine-5-diphosphate (UDP)-glucuronyltransferase

— 15% cytochrome p450
 Maturation of clearance at 1 year of age

— 85% of adult clearance



PK considerations in CHD children

e Clearance increases
— Weight, age, single ventricle physiology
e Clearance decreases

— Total cardiopulmonary bypass time

e Potts, Ped Anesth, 2009
e Su, Anes & Anal, 2010



Cellular Mechanism of the o.,-

Adrenergic Agonists

e Alpha-2 receptor
provides negative
feedback to inhibit NE
release

Negative

e Decrease sympathetic
receptor res pOnSE
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~7
s N

NOREPINEPHRINE VJ ° C||n|ca| effect|veness

Alpha,

receptor~. 7 <~ _ Alpha, receptor tied to selectivity for
e alpha-2

Vascular Smooth Muscle




Cellular Mechanism of the a.,-
Adrenergic Agonists

Alpha-2 agonist binds to
receptor
G-protein coupling
Decrease cell membrane
potential

— Decrease Ca influx

— Increase K efflux

Hyperpolarized membrane
less likely to fire

Noradrenergic neuron does
not release NE, inhibiting
histamine release

SLEEP




End organ effects of Dexmedetomidine

 Neurologic
e Hemodynamics
 Respiratory

Bradycardia Sedation
a2A-AR

C oy Anxiolysis
/)Y a2C-AR

- Anti shivering

Decrease ? a2B-AR
Tachycardia ?a2B-AR o)
Vasoconstriction
a2B-AR
Diuresis
? a2B-AR

Vasodilation
a2-AR

Analgesia
a2A-AR




End Organ Effects - Neurologic

e Sedation via selective
binding a, receptors in
the locus ceruleus

— Decreased noradrenergic
output — increased
GABA firing

— Natural, non-REM sleep

* Animal studies
e Pediatric EEG

Nelson, Anesth, 2003
Mason, Ped Anes, 2009



End Organ Effects - Neurologic

No effect on ICP

Decrease CBF, CMRO?2

Possible neuroprotection during ischemia
Preserves SSEP, MEP

Thermoregulation

— Decreases shivering, heat production, lipolysis



End Organ Effect - CV

Cardiovascular effects via central and
peripheral adrenoreceptors

Hypotension
Hypertension
Bradycardia
Electrophysiology
PA Pressures



End Organ Effect - CV

e Hypotension
— Low dose causes sympatholysis
— Up to 30% from baseline
— Dose/Bolus association
— Attenuated with dose of Ketamine

 Hypertension
— Large dose causing peripheral vasoconstriction
— Bolus dose/frequency
— More frequent in infants
— Transient, self-resolving (30 mins)



End Organ Effect - Bradycardia

Decrease up to 30% of baseline with loading dose
More common in infants
Ketamine may attenuate response
Glycopyrrolate
— Pretreatment does not attenuate
— Treatment may cause significant hypertension
Caution
— AV node dysfunction
— Sinus node dysfunction
— HR altering drugs: B-blockers, digoxin
Treatment (when present with hypotension, decreased perfusion)
— Discontinue drug
— Stimulation
— Inotropic agents



* Maintains airway

 Respiratory rate, Sa02,

End Organ Effect - Respiratory

patency :
e Maintains ventilation KEEP

EtCO2 all remain CALM

unchanged AND
* Makes the drug very

attractive in the ICU and JUST KEEP
for procedural sedation BREATH I N G




 FDA approval in adults (December 1999)
— mechanically ventilated ICU patients, 24 hours
— monitored anesthesia care

 Currently labeled dosing for ICU sedation
— loading dose: 1.0 pg/kg over 10 minutes
— maintenance dose: 0.2 to 0.7 pg/kg/hr

e 2008 FDA added surgical/medical procedures in
adults without intubation outside the OR

 Not approved for children



e Ji, etal. Circulation, 2013
— Retrospective cohort, 1260 CABG/valve surgery pts.

— 50% perioperative infusion of dexmedetomidine
— Mortality % (AOR)

In-Hospital 30 Day 1 year
Non Dexmed 4.59 5.12 7.95
Dexmed 1.23 (0.34) 3.17 (0.39) 3.17 (0.47)

e Wijeysundera, The Cochrane Collaboration, 2009

— a,-AR agonists reduced mortality and myocardial ischemia; RR
0.66 and 0.68

e Barr, etal. CCM, 2013

— New SCCM guidelines favoring use of non-benzodiazepine and
non-opioid drugs, including dexmedetomidine, for ICU sedation.

— Category B evidence of improve outcomes, decreased delirium



Use in pediatric cardiac patients

Preoperative sedative
Procedural sedation

Anesthesia management during surgical repair of
CHD

Anesthesia management during cardiac
catheterization

CICU sedation
Anti-arrhythmia therapy
Treatment of post-anesthesia shivering



CARDILAC ICU

Chrysostomou, “Use of dexmedetomidine in children after
cardiac and thoracic surgery,” PCCM 2006

Chrysostomou, “Dexmedetomidine use in a pediatric
cardiac intensive care unit: Can we use it in infants after
cardiac surgery?” PCCM 2009

Lam, “Hemodynamic effects of dexmedetomidine in
critically ill neonates and infants with heart disease,” Ped
Cardio 2012

Lam, “Safety and efficacy of dexmedetomidine in children
with heart failure,” Ped Cardio 2013



A Dose-Response Study of Dexmedetomidine
Administered as the Primary Sedative in Infants
Following Open Heart Surgery

Felice Su, MD'; Susan C. Nicolson, ML

Athena F. Zuppa, MD, MSC

Objective: To evaluate the dose-response relationship of dexme-
detomidine in infants with congenital heart disease postoperative
from open heart surgery.

Design: Prospective open-label dose-escalation pharmacokinetic-
pharmacodynamic study.

Setting: Tertiary pediatric cardiac ICU.

Patients: Thirty-six evaluable infants, 1-24 months old, postopera-
tive from open heart surgery requiring mechanical ventilation.
Interventions: Cohorts of 12 infants were enrolled sequentially to
one of the three IV loading doses of dexmedetomidine (0.35, 0.7,
and 1 mcg/kg) over 10 minutes followed by respective continu-
ous infusions (0.25, 0.5, and 0.75 mcg/kg/hr) for up to 24 hours.
Measurements and Main Results: Dexmedetomidine plasma con-
centrations were obtained at timed intervals during and following
discontinuation of infusion. Pharmacodynamic variables evaluated
included sedation scores, supplemental sedation and analgesia
medication administration, time to tracheal extubation, respira-
tory function, and hemodynamic parameters. Infants achieved a
deeper sedation measured by the University of Michigan Seda-
tion Scale score (2.6 vs 1) despite requiring minimal supplemen-
tal sedation (0 unit doses/hr) and fewer analgesic medications
(0.07 vs 0.15 unit doses/hr) while receiving dexmedetomidine
compared with the 12-hour follow-up period. Thirty-one patients

1Division of Critical Care Medicine, Department of Pediatrics, Stanford
University, Palo Alto, CA.
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were successfully extubated while receiving the dexmedetomidine
infusion. Only one patient remained intubated due to overseda-
tion during the infusion. While receiving dexmedetomidine, there
was a decrease in heart rate compared with baseline, 132 versus
161 bpm, but there was an increase in heart rate compared with
postinfusion values, 132 versus 128 bpm. There was no statisti-
cally or clinically significant change in mean arterial blood pres-
sure.

Conclusions: Dexmedetomidine administration in infants following
open heart surgery can provide improved sedation with reduction
in supplemental medication requirements, leading to successful
extubation while receiving a continuous infusion. The postoperative
hemodynamic changes that occur in infants postoperative from open
heart surgery are multifactorial. Although dexmedetomidine may
play a role in decreasing heart rate immediately postoperative, the
changes were not clinically significant and did not fall below postinfu-
sion heart rates. (Pediatr Crit Care Med 2013; 14:499-507)

Key Words: congenital heart disease; dexmedetomidine; infant;
pharmacodynamics; sedation

exmedetomidine is a sedative-anxiolytic o, agonist
administered off label to pediatric patients in ICUs and
operating rooms both as a single sedative-analgesic

agent and as an adjunct to other sedative-analgesic regimens. It
has gained increasing popularity for sedation in ICUs due to its
limited effects on respiratory function. In the general pediatric
population, the administration of dexmedetomidine is most
commonly associated with decreased heart rate (HR) and/or
blood pressure during continuous infusion and hypertension
during rapid infusion or loading dose administration. Although
these hemodynamic changes are commonly observed, clinically
significant bradycardia and hypotension are infrequent (1-5).
Infants postoperative from open heart surgery are par-
ticularly vulnerable to adverse cardiorespiratory side effects
associated with sedatives and analgesics. Retrospective stud-
ies of dexmedetomidine administered to children postopera-
tive fram cardiac enroerv renart hradveardia in 004 ta 17 504

Prospective Study
— 3 cohorts of 12 infants (1-24 mos.)

— Loading dose 0.35/0.7/1 mcg/kg over 10

mins
— gtt 0.25/0.5/0.75 mcg/kg/hr

Results
— Deeper sedation
— Less supplementation

— 31 extubated on dexmed

e Decreased time to extubation with higher
dosing

— Decrease HR — not clinically significant
* Dose dependent

— No difference in MAP from baseline

Conclusion

— Improved sedation

— Successful extubation
— Hemodynamically safe



In the OR

The Use of Dexmedetomidine in Pediatric
Cardiac Surgery

Ahmed M. Mukhtar, MD*  We tested dexmedetomidine, an a, agonist, for its ability to decrease heart rate,
arterial blood pressure, and neuroendocrinal responses during pediatric cardiac
Eman M. Obayah, MDt ~ Surgery. In a randomized, placebo-controlled study, 30 pediatric patients under-
going open heart surgery were randomly assigned to one of two equal groups. The
control group received saline, whereas the treatment group (DEX group) received
an initial bolus dose of dexmedetomidine (0.5 ug/kg) over 10 min, followed
immediately by a continuous infusion of 0.5 ug-kg™"-h™". Arterial blood pres-
sure, heart rate, and sequential concentrations of circulating cortisol, epinephrine,
norepinephrine, and blood glucose were measured. Relative to baseline, arterial
blood pressure and heart rate decreased significantly after the administration of
dexmedetomidine through skin incision. In the control group, patients’ heart rate
and arterial blood pressure measures increased after skin incision until the end of
bypass (P < 0.05). In both groups, plasma cortisol, epinephrine, norepinephrine,
and blood glucose increased significantly relative to baseline, after sternotomy, and
after bypass. However, the values were significantly higher in the control group
compared with the DEX group (P < 0.05). In conclusion, intraoperative dexme-
detomidine infusion attenuated the hemodynamic and neuroendocrinal response
to surgical trauma and cardiopulmonary bypass in pediatric patients undergoing
corrective surgery for congenital heart disease.
(Anesth Analg 2006;103:52-6)

Amira M. Hassonat

The stress response is the term given to the hor-
monal and metabolic changes that occur after injury or
trauma. This is part of a systemic reaction to injury
that encompasses a wide range of endocrinological,
immunological, and hematological effects. It is initi-
ated by neuronal activation of the hypothalamo-
pituitary-adrenal axis (1). The stress response to sur-
gery is characterized by increased secretion of
pituitary hormones and activation of the sympathetic
nervous system (2,3). Attenuation of the cardiovascu-
lar, neuroendocrine, and inflammatory responses to
surgery may improve outcome by beneficial effects on
organ function (1,4).

Dexmedetomidine is a highly specific, potent, and
selective o? adrenoceptor agonist (5). It has a relatively
high ratio of a%/a’ activity (1620:1 as compared to 220:1
for clonidine) (6) and is therefore considered a full
agonist of the o? receptor. This ratio ensures that its
potent action is selective for the central nervous sys-
tem, without unwanted cardiovascular effects from a'
receptor activation (6). Dexmedetomidine has activity

From the Departments of Anesthesia and Intensive Care and
Biochemitry, Cairo Uniersity, Egypt.
Accepted for publication February 6, 2006.

Address correspondence and reprint requests to Ahmed M.
Mukhtar, MD, Faculty of Medicine, Cairo University, 2 Zaafran St

at the imidazoline receptors involved in central arte-
rial blood pressure control (7,8). It causes a dose-
dependent decrease in mean arterial blood pressure
(MAP) and heart rate (HR) (9) and a reduction in
sympathetic nervous system activity (9,10). Dexme-
detomidine is an imidazole compound, and therefore,
it has the potential to exert similar inhibitory effects to
etomidate on cortisol synthesis (11).

This is the first study to report the sympatholytic
effects of a continuous intraoperative infusion of
dexmedetomidine on cardiovascular function and
stress hormones (cortisol and catecholamine) in pedi-
atric cardiac surgery patients. The hypothesis that
dexmedetomidine would attenuate the increase in HR,
MAP, and plasma catecholamine concentrations in
pediatric patients undergoing corrective surgery for
congenital heart disease was investigated.

METHODS

After approval of the local Ethics Committee and obtain-
ing written informed consent from the guardians of all
patients, the study was designed to include 30 patients,
aged 1-6 yr, scheduled for congenital heart disease
repair surgery using cardiopulmonary bypass (CPB)
between January 2004 and September 2004. Patients
undergoing re-operations, deep hypothermia, those with
low cardiac output, and those with nonpalpable periph-
eral pulses before surgery (e.g., accompanying coarcta-

opyright © 2013 by the Society of Critical Care Medicine and the World
Federation of Pediatric Intensive and Critical Care Societies



In the cath lab

* Provides good level of sedation
when compared to propofol.

e Maintains airway patency and
spontaneous ventilation

e May require propofol rescue

bolus
Munro, Ped Anesth, 2006




Dexmedetomidine + Ketamine

Mester, AJ of Ther, 2008

e Bolus e 16 patients

— Dexmedetomidine 1 mcg/kg e Balanced hemodynamics

— Ketamine 2 k .. .
etamine 2 mg/kg — No clinical change in HR or BP

e [nfusion
— 2 mcg/kg/hr 2 1 mcg/kg/hr

— Opposing effects of the 2 drugs

 No change in respiratory

e Rescue
parameters

— Ketamine 0.5 mcg/kg
* No movement to local

infiltration

* Rescue
— 3/16 required ketamine



Safe in pulmonary HTN

e 21 OHT patients, 21 PHTN
patients

¢ 10 minute infusion dose
— 1, 0.75, 0.5 mcg/kg

e HD response
— Decrease HR

— Increase MAP, SVRi

— Small increase PAP in OHT, not
seen in PHTN

— No change in PVRi

* 0, Vvasoconstrictor effect seen
in peripheral vasculature,
does not appear active in
pulmonary vasculature

The Hemodynamic Response to Dexmedetomidine
Loading Dose in Children With and Without Pulmonary

Hypertension

Robert H. Friesen, MD,* Christopher S. Nichols, MD,* Mark D. Twite, MBChB, *
Kathryn A. Cardwell, BS,* Zhaoxing Pan, PhD,t Biagio Pietra, MD,¥ Shelley D. Miyamoto, MD, ¥
Scott R. Auerbach, MD,# Jeffrey R. Darst, MD,¥ and D. Dunbar Ivy, MDF

BACKGROUND: Dexmedetomidine, an a-2 receptor agonist, is widely used in children with car-
diac disease. Significant hemodynamic responses, including systemic and pulmonary vasocon-
striction, have been reported after dexmedetomidine administration. Our primary goal of this
prospective, observational study was to quantify the effects of dexmedetomidine initial load-
ing doses on mean pulmonary artery pressure (PAP) in children with and without pulmonary
hypertension.
METHODS: Subjects were children undergoing cardiac catheterization for either routine surveil-
lance after cardiac transplantation (n = 21) or pulmonary hypertension studies (n = 21). After
anesthetic induction with sevoflurane and tracheal intubation, sevoflurane was discontinued and
intai i 0.1 mg/kg IV (or 0.5 mg/kg orally preoperatively)
and remifentanil IV infusion 0.5 to 0.8 pg/kg/min. Ventilation was mechanically controlled to
maintain Pco, 35 to 40 mm Hg. When end-tidal sevofiurane was 0% and fraction of inspired oxy-
gen (Fio,) was 0.21, baseline heart rate, mean arterial blood pressure, PAR right atrial pressure,
pulmonary artery occlusion pressure, fight ventricular end-diastolic pressure, cardiac output,
and arterial blood gases were measured, and indexed systemic vascular resistance, indexed
pulmonary vascular resistance, and cardiac index were calculated. Each subject then received a
10-minute infusion of dexmedetomidine of 1 pg/kg, 0.75 pg/kg, or 0.5 g/kg. Measurements
and calculations were repeated at the conclusion of the infusion.
RESULTS: Most hemodynamic responses were similar in children with and without pulmonary
hypertension. Heart rate i and mean arterial blood pressure and indexed
systemic vascular resistance increased significantly. Cardiac index did not change. A small,
statistically significant increase in PAP was observed in transplant patients but not in sub-
jects with pulmonary hypertension. Changes in indexed pulmonary vascular resistance were not
significant.
CCONCLUSION: Dexmedetomidine initial loading doses were associated with significant systemic
vasoconstriction and hypertension, but a similar response was not observed in the puimonary
vasculature, even in children with pulmonary hypertension. Dexmedetomidine does not appear to
be contraindicated in children with pulmonary hypertension.  (Anesth Analg 2013;XXX:00-00)

he pulmonary vascular effects of many anesthetic
drugs have been inadequately investigated. The lack
of knowledge of these effects can ereate uncertainty
in the delivery of clinical anesthetic care, particularly in
children with congenital heart disease and/or pulmonary
hypertension, who frequently require anesthesia or seda-
tion for diagnostic or therapeutic procedures.
Dexmedetomidine, an -2 and imidazole receptor
agonist, is widely used in pediatrics for procedural and
therapeutic sedation and as a component of surgical anes-
thesia. Experience with dexmedetomidine in children with
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congenital heart disease is growing."® A cardiac catheter-
ization study of children with transplanted hearts demon-
strated a significant but transient increase in pulmonary
artery pressure (PAP) in response to dexmedetomidine
bolus,” but studies of its hemodynamic effects in children
with pulmonary hypertension are lacking. The purpose
of this study was to document the pulmonary vascular

ynamic effects of idine in children with
and without pulmonary hypertension undergoing cardiac
catheterization.

METHODS

This prospective descriptive study was approved by the
hospital’s IRB. Written informed consent was obtained
from the parents or guardians of the subjects, and written
assent was obtained from children aged 7 years or older.
Subjects were included if they were between 1 and 14 years
of age and were scheduled to undergo elective cardiac cath-
eterization for either postcardiac transplant surveillance or
periodic pulmonary hypertension assessment. Pulmonary
hypertensive subjects were patients known to have pulmo-
nary hypertension (mean PAP pressure >25 mm Hg) docu-
mented by prior cardiac catheterization and/or current

www.anesthesia-anaigesic.org 1



. Anti-arrhythmic properties of dexmedetomidine

 Chrysostomou, et al, Children’s Hospital of
Pittsburgh

e Decrease incidence and successful treatment
— SVT
— A-flutter
— V-tach
— JET
— sinus tachycardia



Proposed antiarrhythmic mechanism

Dexmedetomidinel ’ Vagal
L maneuvers
Nucleus gmbiguus g @
DMNV °
L-Type Ca++ © o
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Calcium
Channel

‘Protein Kinase A

Tobias & Chrysostomou, Ped Cardio, 2013



The effects of dexmedetomidine on cardiac

electrophysiology in children
Hammer, et al, A&A, 2008

12 children with SVT presenting for EPS
1 mcg/kg 10 mins, 0.7 mcg/kg/hr

Results
— Increased sinus node cycle length
— Increased sinus node recovery time

— AV node depression
* Wenckeback cycle length prolongation
* Prolong PR interval

Avoid in EPS
Caution in patient at risk for heart block, bradycardia



Other clinical uses

Preoperative sedation
Treatment of post-anesthesia shivering
Procedural sedation

MRI, radiology

Anterior mediastinal mass
Difficult airway
Bronchoscopy

Sedated echocardiography
Sleep studies

EEG

Narcotic withdrawal
Emergence delirium



Organ protection?

* Decrease post-bypass acute kidney injury (adults)
Ji, PLoS One, 2013

* Protection against contrast induced nephropathy

by decreasing endothelin-1 and renin
Bayram, Ped Anes, 2014



Organ Protection?

Decrease in histological inflammation and multiple
inflammatory molecules in VILI (dogs)

Chen, J Surg Res, 2013
Inhibit inflammation in lung of septic rats by
suppressing TRL4/NF-kB pathway, decrease IL-6 and
TNF-a (rats)

Wu, Mediators Inflamm, 2013
Decrease mortality and inhibit pro-inflammatory
cytokines during polymicrobial sepsis (mice)

Xu, Inflamm Res, 2013
Protective mechanism against ischemia-reperfusion
lung injury (rats)

Jiang, Mol Med Rep, 2014



Neuroprotection
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Dexmedetomidine provides cortical neuroprotection:

* 0,-AR thought to play
ot aevaooma bran. ) neurespeplosisin fhe trophic role in CNS signaling

R D. Swpes’, P N’ S Pam”, M. 1% M. Maze" and D. Ma”
M agill Department o Anasihdics, Pain M aficne and Intensve Cag, Impaia CollaeLondm, Chelss and Welminda Hogital, Lowim,
UK and D aA g Pdiing Uni y Third Hospitd, Bafng. China

e |soflurane caused apoptosis
and cognitive dysfunction in
neonatal rats

Rackaremd” Recmnt svidaecs has damongratat the anti- iding can nrasant i when annlisd diractiv
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* Inhibition of isoflurane-
Anesthesiology 2009; 110:1077-85 Copyright © 2009, the American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.
. L]
Dexmedetomidine Attenuates Isoflurane-induced N d uce d a p O pto SIS

Neurocognitive Impairment in Neonatal Rats

Robert D. Sanders, B.Sc., M.B.B.S., F.R.C.A.,;* Jing Xu, M.D., T Yi Shu, B.Sc.,+ Adam Januszewski, B.Sc., M.B.B.S.,§
Sunil Halder, B.Sc., M.B.B.S.,|| Antonio Fidalgo, M.Sc.,3 Pamela Sun, B.Sc.,# Mahmuda Hossain, Ph.D.,"*

Daging Ma, M.D., Ph.D., 1+ Mervyn Maze, M.B., Ch.B., F.R.C.P., F.R.C.A., F.Med.Sci.t} [ P re S e rve d | O n g_t e r m
memory and cognitive
function



Which do you choose?
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