JPPT

REVIEW ARTICLE

Sedation and Analgesia in Mechanically Ventilated Preterm Neonates:
Continue Standard of Care or Experiment?

Christopher McPherson, PharmD

St. Louis Children’s Hospital, St. Louis, Missouri

Attention to comfort and pain control are essential components of neonatal intensive care. Preterm neo-
nates are uniquely susceptible to pain and agitation, and these exposures have a negative impact on brain
development. In preterm neonates, chronic pain and agitation are common adverse effects of mechanical
ventilation, and opiates or benzodiazepines are the pharmacologic agents most often used for treatment.
Questions remain regarding the efficacy, safety, and neurodevelopmental impact of these therapies. Both
preclinical and clinical data suggest troubling adverse drug reactions and the potential for adverse long-
term neurodevelopmental impact. The negative impacts of standard pharmacologic agents suggest that
alternative agents should be investigated. Dexmedetomidine is a promising alternative therapy that requires
further interprofessional and multidisciplinary research in this population.
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INTRODUCTION

Prior to the 1980s, neonatal pain was poorly
understood and often unrecognized. Through-
out the latter half of the 20th century, research
emerged describing the developmental physi-
ology of nociception and adverse responses of
neonates to noxious stimuli.'? This work clearly
shows that nociception occurs in neonates, even
those at the lower limit of viability. However,
despite early maturation of the ascending neu-
ral pathways responsible for nociception, the
descending inhibitory pathways, which local-
ize and mitigate pain, do not form until later in
maturation.® In addition, rapid and critical de-
velopment of the nervous system occurs during
the period of gestation interrupted by preterm
birth.* This results in a unique susceptibility to
neurologic remodeling after repetitive noxious
stimuli.’

Despite significant advances in neonatal inten-
sive care, poor neurodevelopmental outcomes in
former preterm neonates remain common.® Pre-
clinical studies have extensively demonstrated
the negative consequences of untreated pain
and stress on neurologic development. For both

practical and ethical reasons, human data are less
robust. However, numerous retrospective stud-
ies” suggest negative consequences of pain and
stress during the newborn period on long-term
neurodevelopment and neurobehavior.

Despite increased understanding of the de-
velopmental physiology and long-term conse-
quences of neonatal pain and agitation, there
is no consensus regarding a safe and effective
strategy for controlling these complications in
many routine clinical situations. Mechanical ven-
tilation is a common stressful experience in pre-
term neonates.® Non-pharmacologic therapies,
including non-nutritive sucking and swaddling,
form the foundation of neonatal pain and agita-
tion relief, but they are likely inadequate alone
to provide comfort during invasive ventilation.’
Routine administration of pharmacologic seda-
tion or analgesia during mechanical ventilation
in preterm neonates is not recommended due
to concerns regarding the safety and efficacy of
pharmacotherapy observed in clinical trials."
However, the use of benzodiazepines and opiates
in clinical practice remains common due to the
lack of available alternative therapies."'* This
review summarizes the available data regarding
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Table 1. Advantages and Disadvantages of Available Agents in Preterm Neonates

Agent Advantages Disadvantages
Morphine Increased ventilator synchrony*® Tachyphylaxis®®
Decreased adrenaline concentrations+#° Hypotension*®=C
No impact on incidence of severe IVH, PVL, or  Prolongation of mechanical ventilation®'
death*46 Prolongation of time to full enteral feedings®?
Fentanyl Decreased adrenaline and cortisol Rapid tachyphylaxis®#**
concentrations**? Limited trials assessing acute neurologic
Less impact on gastrointestinal motility outcomes*#9
compared to morphine® Increased ventilator requirements during
continuous infusion*?
Chest wall rigidity during rapid infusion®*
Midazolam Decreased sedation scores®” 798 Increased severe IVH, PVL, or death®

Dexmedetomidine*

Decreased adjunctive sedation compared to
fentanyl®

Decreased incidence of delirium compared
to benzodiazepine™'*" and opioid'?

Hypotension’383
Myoclonus’>#183

Potential hypotension'*">

Minimal respiratory depression®'%
Minimal impact on gastrointestinal
motility?10°

Decreased incidence of sepsis®'!

IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia

*Includes adult data

the clinical and neurodevelopmental impact of
these agents in preterm neonates (Tables 1 and
2, respectively). Dexmedetomidine, one potential
therapeutic alternative, is explored.

BACKGROUND

Assessment of the literature regarding phar-
macologic analgesics and sedatives in preterm
neonates presents unique challenges. Despite
extensive research, questions linger regard-
ing the pharmacokinetics, efficacy, safety, and
neurodevelopmental impact of these therapies.
Pharmacokinetic studies in preterm neonates are
confined by concerns about excessive invasive
sampling and phlebotomy losses, limiting the
robustness of data regarding the metabolism and
elimination of commonly used agents. Pharma-
codynamic assessment provides an even greater
challenge for researchers and clinicians. Several
tools have been used to assess the efficacy of
analgesia and sedation in preterm neonates and
are therefore referenced in this review." Clinical
trials routinely report stress hormone levels,
including adrenaline and cortisol, but serial as-

sessment of these concentrations is not feasible
in clinical practice. For this reason, subjective
scoring systems must be utilized to assess pain
and agitation. The COMFORT score, a behavioral
and physiologic scale of distress developed for
pediatric patients, is routinely used to assess
agitation during stable mechanical ventilation."
Acute pain occurs during procedures such as
endotracheal suctioning. More than 40 tools
have been developed to assess acute pain in the
newborn, including the Premature Infant Pain
Profile (PIPP) and Neonatal Infant Pain Scale
(NIPS).*>1* However, to date, no tools have been
developed and validated for the assessment of
prolonged or recurrent pain in preterm neonates.

Determination of the neurologic impact of
pharmacologic analgesics and sedatives in
preterm neonates presents further complexity.
Large randomized controlled trials focus on acute
brain injury (i.e., intraventricular hemorrhage
[IVH] and periventricular leukomalacia [PVL])
based on the theory that these complications
may result from acute and chronic pain and
stress.” However, the pathophysiology of these
injuries is multifactorial.’®" In addition, these
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Table 2. Neurodevelopmental Impact of Available Agents

Agent Preclinical

Clinical

Opioids Neuroapoptosis®?

Reduced neuronal density and dendritic length®*-¢'

Reduced brain growth®?

Increased tone®
Poor motor development”
Lower intelligence quotient’

Persistently decreased motor activity®
Persistently impaired learning ability®®¢”

Benzodiazepines Neuroapoptosis®

Suppressed neurogenesis®®

Delayed motor development®’#

Dexmedetomidine
periventricular leukomalacia'?'%

Neuroprotection and decreased lesion size in models of

Neuroprotection and improved developmental outcome
in models of hypoxia-ischemia'®'% and after isoflurane

exposure'?4127

pathologies do not solely predict neurodevel-
opmental outcome. Limited data exist regarding
the long-term neurodevelopmental impact of
analgesics and sedatives in preterm neonates,
likely a result of the challenging logistics of long-
term developmental follow-up. Although direct
extrapolation of animal data to humans is not
appropriate, preclinical evidence from animal
models that elucidates the potential impact of
pharmacotherapy on the developing brain forms
an essential bridge to both human studies and
informed clinical practice.?**" Therefore, this
review incorporates preclinical data pertaining
to the impact of analgesics and sedatives on the
developing brain.

OPIATES

Pharmacokinetics and Pharmacodynamics
Morphine and fentanyl are the most commonly
utilized opiates in neonates."> Morphine is an
agonist of the p-opioid receptor that produces
analgesia and sedation through inhibition of
ascending pathways in the brain stem, inhibi-
tion of neuronal firing in the dorsal horn of the
spinal cord, and depression of both presynaptic
and postsynaptic neuronal membrane potentials
peripherally. The pharmacokinetics of morphine
have been described extensively in preterm
neonates.”” Morphine is active as a parent
compound. Adults rapidly metabolize morphine
hepatically to morphine-3-glucuronide, an opi-
oid antagonist, and morphine-6-glucuronide, a
potent analgesic. In preterm neonates, metabolite
formation is slow and incomplete, and morphine-

3-glucoronide formation predominates.?® This
results in decreased analgesia and the develop-
ment of tachyphylaxis within several days in
morphine-treated neonates. Elimination half-life
inneonates is approximately 6 to 12 hours and in-
creases significantly with decreasing gestational
age. This results in significant accumulation of
parent drug and metabolites when morphine is
administered as a continuous infusion. In pre-
term neonates, no relationship has been observed
between morphine concentrations and clinical
efficacy.”?

Fentanyl, a synthetic p-opioid receptor agonist,
has been examined as an alternative to morphine.
Interest in fentanyl was initially driven by its fast-
er onset and shorter duration of action in adults
compared to morphine, which make it ideal for
procedural sedation.”* Fentanyl is active as a
parent drug and is hepatically metabolized to
inactive metabolites prior to renal elimination.
Immaturity of hepatic enzymes in neonates sug-
gests that delayed metabolism is likely in this
population. Small pharmacokinetic descriptions
of fentanyl in preterm neonates support this hy-
pothesis, demonstrating an elimination half-life
similar to that of morphine and suggesting accu-
mulation during continuous infusion.’** Tachy-
phylaxis develops more rapidly with continuous
infusion of fentanyl compared to morphine.**
There appears to be a direct correlation between
fentanyl concentrations and clinical effect.*

Efficacy
Morphine has been demonstrated to increase
ventilator synchrony in preterm neonates.* Al-
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though treatment during mechanical ventilation
does not impact COMFORT scores, morphine-
treated neonates exhibit significantly decreased
adrenaline concentrations compared to placebo-
treated neonates.”* Similarly, fentanyl reduces
behavioral state scores as well as adrenaline and
cortisol levels in mechanically ventilated preterm
neonates.**

Two large studies”* demonstrated a signifi-
cant impact of morphine compared to placebo
on PIPP scores during endotracheal suctioning,
although 1 large trial* showed no impact on this
scale. Despite the statistical significance of the
findings, the clinical relevance of the differences
detected may be questioned. For example, the
largest trial found a 1-point reduction in the PIPP
scores of morphine-treated neonates compared
to controls*’; however, an approximately 6-point
difference is required to differentiate a painful
event from baseline on this 21-point scale.
Additionally, data from the same cohort* dem-
onstrated no difference in PIPP scores between
morphine- and placebo-treated neonates after a
heel stick. Preterm neonates treated with fentanyl
and morphine displayed similar NIPS scores
during endotracheal suctioning.*’

Adverse Drug Reactions

The adverse drug reaction profiles of mor-
phine and fentanyl may significantly impact
clinical outcomes in mechanically ventilated
preterm neonates. Clinically significant hypo-
tension (requiring intravenous vasopressors or
fluid boluses) occurs in a significant proportion
of morphine-treated neonates, most often fol-
lowing a bolus dose.***® Morphine depresses
respiratory drive, resulting in a prolonged dura-
tion of mechanical ventilation.> Morphine also
decreases gastrointestinal motility, resulting in
a prolonged time required to reach full enteral
feedings.”

Differences between the adverse drug reaction
profiles of fentanyl and morphine may exist due
to the lack of histamine release with synthetic fen-
tanyl.®® Observational studies® show no cardio-
vascular impact of fentanyl in preterm neonates.
However, direct comparisons of fentanyl and
morphine infusions revealed a similar need for
vasopressors.* Fentanyl likely produces similar
respiratory depression to morphine at equianal-
gesic doses, although the impact of fentanyl on
the duration of mechanical ventilation has not

been examined in a controlled trial. Of note, in-
creased ventilator pressures have been observed
during continuous infusion of fentanyl, suggest-
ing the potential for adverse pulmonary impact
independent of respiratory depression.* This
impact is corroborated by the frequent occurrence
of chest wall rigidity during rapid fentanyl infu-
sion.” Fentanyl may have less impact on gastro-
intestinal motility than morphine; nevertheless,
severe gastrointestinal adverse drug reactions
have been reported with fentanyl.**>

Impact on Acute Brain Injury

Three large randomized controlled trials¥ 4
examined the impact of morphine on acute brain
injury in mechanically ventilated preterm neo-
nates. All trials randomized neonates in the first
72 hours of life who were mechanically ventilated
for less than 8 hours and allowed open-label
morphine boluses at the clinician’s discretion for
episodes of acute pain. The Neonatal Outcome
and Prolonged Analgesia in Neonates (NOPAIN)
trial”” randomized 67 preterm neonates to receive
midazolam, morphine, or placebo. Morphine
group neonates received a 100 mcg/kg loading
dose followed by a continuous infusion of 10,
20, or 30 mcg/kg/hr for gestational ages of 24
to 26 weeks, 27 to 29 weeks, and 30 to 32 weeks,
respectively. Study drug infusion was continued
for a duration determined by the treating clini-
cian. The incidence of the composite outcome
of severe IVH, PVL, or death was decreased in
the morphine group (4%) compared to the mid-
azolam (32%) and placebo (24%) groups (p=0.03).

The promising results of the NOPAIN trial with
regard to morphine influenced the design and
undertaking of 2 larger randomized controlled
trials.**¢ Simons and colleagues* randomized
150 preterm neonates to morphine or placebo.
Treatment group neonates received a 100 mcg/
kg loading dose followed by 10 mcg/kg/hr, re-
gardless of gestational age at birth. Study drug
infusion was continued for a maximum of 7 days.
The incidence of any IVH was significantly de-
creased in the morphine group (23% versus 40%;
p=0.04). However, no difference was detected in
the composite outcome of severe IVH, PVL, or
death (10% versus 16%; p=0.66).

The largest trial to date, the NEurologic Out-
comes and Preemptive Analgesia in Neonates
(NEOPAIN) trial,* randomized 898 preterm
neonates to morphine or placebo. Morphine was
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dosed as described in the NOPAIN trial. No dif-
ference was detected in the composite outcome
of severe IVH, PVL, or death (27% versus 26%,
p=0.5777). Infants who received open-label mor-
phine at the clinician’s discretion were excluded
from a subgroup analysis. In this analysis, the
rate of the composite outcome was increased in
neonates randomized to morphine (24% versus
15% in the placebo group; p=0.0338). In a sepa-
rate subgroup analysis, placebo group neonates
who received open-label morphine for episodes
of acute pain had a higher rate of the composite
outcome (34% versus 15%; p<0.0001).

The impact of fentanyl on acute brain injury
was examined in a randomized placebo-con-
trolled trial of mechanically ventilated preterm
neonates (n=27).* Fentanyl infusion was dosed
at 0.5 to 2 mcg/kg/hr and adjusted to achieve
adequate sedation. Duration of therapy was at
the discretion of the treating clinician. No impact
was detected on the incidence of the composite
outcome of severe IVH, PVL, or death (21% ver-
sus 15%; p>0.05).

Finally, acute brain injury was assessed in a
randomized trial of fentanyl versus morphine in
163 mechanically ventilated preterm neonates.*
Fentanyl group neonates received a 10 mcg/
kg loading dose followed by 1.5 mcg/kg/hr.
Morphine group neonates received a 140 mcg/
kg loading dose followed by 20 mcg/kg/hr.
Study infusion was continued for a minimum
of 24 hours. No difference was detected in the
combined incidence of mortality and severe IVH
between groups (15% versus 14%; p>0.05).

Impact on Long-Term Neurodevelopment
Preclinical data suggest that opiates may
negatively impact the developing brain. There
are a number of opiate-mediated systems that
influence neural cell differentiation, proliferation,
and apoptosis.”*® Reductions of neuronal density
and dendritic length as well as apoptosis have
been observed in rodent models of early opiate
exposure.” 2 This exposure reduces brain growth
and results in lower levels of brain-derived
neurotrophic factor, a marker of synaptic plastic-
ity and modulator of learning and memory.®%
Further, evidence suggests that these effects on
central nervous system development translate
into abnormalities in later cognitive function and
behavior. Rodents exposed to postnatal morphine
exhibit persistently decreased motor activity and

impaired learning ability.®*

Conlflicting results exist in human neonates
with regard to the long-term neurodevelop-
mental impact of early morphine exposure. A
5- to 6-year follow-up of neonates enrolled in
2 previously published randomized controlled
trials®*%8 (n=87) showed no impact of morphine
on motor function, intelligence, or behavior.
However, developmental follow-up of NEOPAIN
infants® (n=572) at 36 weeks postmenstrual age
found higher popliteal angle cluster scores, indic-
ative of increased tone, in neonates randomized
to morphine. This finding is corroborated by a
retrospective analysis” indicating an association
between greater intravenous morphine exposure
and poor motor development. A 5- to 7-year pilot
follow-up of a small subset of NEOPAIN infants”
(n=19) found no difference in overall intelligence
quotient. However, morphine-treated children
had smaller head circumference, impaired short-
term memory, and more social problems com-
pared to placebo-treated children. Additionally,
a 5-year follow-up of participants in the random-
ized trial of Simons and colleagues®**”* (n= 90)
found lower overall intelligence quotient scores
in neonates randomized to morphine (94 versus
100; p=0.049). Human data regarding the long-
term neurodevelopmental impact of fentanyl are
not currently available.

BENZODIAZEPINES

Pharmacokinetics and Pharmacodynamics
Midazolam binds to the benzodiazepine site
on the y-aminobutyric acid, (GABA,) receptor
complex, increasing the action of this inhibitory
neurotransmitter and resulting in sedation and
anxiolysis. In neonatal intensive care, midazolam
is preferred over lorazapem and diazepam due
to its shorter half-life and the availability of a
preservative-free intravenous preparation. The
pharmacokinetics of midazolam in preterm
neonates have been described extensively.”>”
Midazolam is active as a parent drug, with an
equipotent metabolite of 1-hydroxymidazolam
formed through hepatic hydroxylation, which
undergoes glucuronide conjugation before renal
excretion. Its elimination half-life is approximate-
ly 6 to 12 hours, with the rates of metabolism and
excretion inversely proportional to gestational
age, resulting in significant drug and metabolite
accumulation during continuous infusion. The
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pharmacodynamics of midazolam have not
been studied extensively in preterm neonates,
although there is no known relationship between
midazolam concentration and clinical effect in
term neonates or children.”””8

Efficacy

The efficacy of midazolam in preterm neonates
has been examined with various subjective as-
sessment scales. Significantly lower sedation
scores compared to placebo were observed
during continuous infusion.””*# Additionally,
midazolam infusion reduced PIPP scores during
endotracheal suctioning compared to placebo
infusion (9 versus 13; p<0.001).*” Of concern, the
risk of myoclonus from midazolam is greater in
neonates compared to older populations, due to
neonates’ decreased number of GABA, recep-
tors.”>#1%3 This adverse drug reaction may com-
plicate the assessment of comfort in the neonatal
population.

Adverse Drug Reactions

Significant safety concerns exist regarding
midazolam use in preterm neonates. Midazolam
boluses of 200 mcg/kg produce clinically signifi-
cant hypotension in a large proportion of preterm
neonates (27%-45%), resulting in decreases in
oxygen saturation, cerebral oxygenation index,
and cerebral blood flow velocity.”** Conflicting
data exist regarding the impact of lower bolus
doses (100 mcg/kg) on blood flow and oxy-
genation; however, this dose is likely clinically
ineffective.”>%%

Impact on Acute Brain Injury

Two randomized controlled trials*” have
examined the impact of midazolam on acute
brain injury in mechanically ventilated preterm
neonates. Jacqz-Aigrain and colleagues” ran-
domized 46 neonates with respiratory distress
syndrome at less than 48 hours of life to mid-
azolam or placebo. Midazolam group infants
received 30 or 60 mcg/kg/hr for gestational
ages of <32 weeks or >32 weeks, respectively.
Twenty-five neonates were <32 weeks gestation.
No difference was detected in the incidence of
intracranial hemorrhage or death.

The NOPAIN trial” randomized 69 preterm
neonates to receive midazolam, morphine, or
placebo. Midazolam group neonates received
a 200 mcg/kg loading dose followed by a con-

tinuous infusion of 20, 40, or 60 mcg/kg/hr for
gestational ages of 24 to 26 weeks, 27 to 29 weeks,
and 30 to 32 weeks, respectively. Neonates in the
midazolam group had a trend toward a higher
rate of the composite outcome of severe IVH,
PVL, or death compared to neonates receiving
placebo (32% versus 24%), although the differ-
ence was not statistically significant. The dif-
ference in composite outcome was statistically
significant compared to morphine (32% versus
4%; p=0.03).

Impact on Long-Term Neurodevelopment

Troubling preclinical data have been gathered
regarding the impact of benzodiazepines on the
developing brain. Rodent models have described
widespread neuroapoptosis and suppressed
neurogenesis elicited by early benzodiazepine
exposure.®® Additionally, prenatal benzodi-
azepine exposure produces lasting changes in
hypothalamic neuron expression and delayed
motor development.** Despite efficacy in me-
chanically ventilated preterm neonates, clinical
use of midazolam has declined due to the finding
of increased acute adverse neurologic events in
the NOPAIN trial.¥” Therefore, no data exist in
humans regarding the long-term neurodevel-
opmental impact of benzodiazepine therapy in
newborns.

DEXMEDETOMIDINE: A THERAPEUTIC
ALTERNATIVE?

Dexmedetomidine is a highly selective o,-
adrenergic receptor agonist that provides anal-
gesia, anxiolysis, and sedation via reduction in
sympathetic outflow from the locus coeruleus
and release of substance P from the dorsal horn
of the spinal cord.” Dexmedetomidine was ap-
proved by the United States Food and Drug
Administration in 1999 for short-term sedation
in adults. Currently, dexmedetomidine is not
approved for pediatric use. However, more than
200 studies and reports have been published
regarding the use of dexmedetomidine in in-
fants and children, several of which described
prolonged use.”* With the exception of a single
case report,” the previous issue of The Journal of
Pediatric Pharmacology and Therapeutics includes
the first description of the efficacy and safety
of dexmedetomidine infusion in mechanically
ventilated preterm neonates.”
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Pharmacokinetics and Pharmacodynamics

The pharmacokinetics and pharmacodynamics
of dexmedetomidine have not been described
in preterm neonates, and limited descriptions
exist for pediatric patients.” Pharmacokinetic
studies in preterm neonates will be challenging
due to limitations on invasive blood sampling.
Development of dexmedetomidine assays requir-
ing minimal blood volume for determination of
concentration will be vital. Pharmacodynamic
studies in preterm neonates will be challenging
due to the inherent difficulties of pain and com-
fort assessment in this population. Development
of new assessment strategies or validation of cur-
rently available tools in the chronic setting may
assist in accomplishing this goal.®

Efficacy

Mechanically ventilated preterm neonates
treated with dexmedetomidine infusion require
less adjunctive sedation compared to histori-
cal controls treated with fentanyl infusion.”
These data support the findings of randomized
controlled trials in adult patients. Evidence in
mechanically ventilated adult intensive care unit
patients® suggests that standard sedation (i.e.,
benzodiazepines and/or opiates) contributes to
the development of delirium. Clinical compari-
sons of dexmedetomidine with benzodiazepine
infusion'®!”" have shown similar or superior
sedation and a lower incidence of delirium. Ad-
ditionally, a single randomized trial'* that com-
pared dexmedetomidine to morphine infusion
in postoperative adult patients found similar
time at target sedation level and a trend toward
a reduction in delirium.

Adverse Drug Reactions

Dexmedetomidine has many theoretical ad-
vantages over standard sedative regimens with
regard to adverse drug reactions. Dexmedetomi-
dine does not affect respiratory drive.'” Neonates
treated with dexmedetomidine have a shorter
duration of mechanical ventilation compared to
fentanyl-treated controls.” These data correlate
with the findings of randomized controlled tri-
als in adults'®' showing decreased duration
of mechanical ventilation compared to benzodi-
azepines and morphine. In addition, preclinical
studies'™ show decreased levels of chemokines
and cytokines in dexmedetomidine-treated ro-
dents exposed to high-tidal volume ventilation.

Thus, theoretically, high-dose dexmedetomidine
may decrease the risk of bronchopulmonary
dysplasia in preterm neonates by minimizing the
duration of mechanical ventilation and attenuat-
ing ventilator-induced lung injury.

Dexmedetomidine has minimal impact on gas-
tric motility.'”” Neonates treated with dexmedeto-
midine require a shorter time to reach full enteral
feeds compared to neonates treated with fentan-
ylL”* Inneonates, delayed enteral feeding may lead
to numerous short-term complications, including
an increased risk of sepsis.'® Additionally, dex-
medetomidine preserves neutrophil function and
inhibits cytokine response in animal models of en-
dotoxic shock, which may be of benefit in preterm
neonates with numerous additional risk factors
for sepsis.'””'® This contrasts sharply with the
inhibitory effects of opioids and benzodiazepines
on neutrophil function."*"! These differences may
contribute to the mortality benefit with dexme-
detomidine and detriment with benzodiazepine
and opioid sedation in animal models of septic
shock." Of note, the impact of dexmedetomidine
on cytokine levels has been reproduced in septic
adult humans.' All of the aforementioned factors
may contribute to the reduction in the incidence
of culture-positive sepsis observed in neonates
treated with dexmedetomidine over fentanyl, as
well as adults randomized to dexmedetomidine
versus midazolam.”!"

Unfortunately, dexmedetomidine has the
potential for significant adverse drug reactions.
The most concerning is hypotension, which is
common with bolus doses of dexmedetomidine
in both adult and pediatric patients."*'"> The
incidence and degree of hypotension after bolus
dosing appears to be similar to that typical of
fentanyl and midazolam."*"” Avoidance of bolus
doses or rapid titration of dexmedetomidine at-
tenuates this effect in adults.!® Further studies to
define the incidence and clinical impact of this
effect in preterm neonates are necessary. Pro-
spective studies of dexmedetomidine in preterm
neonates must include continuous assessment of
blood pressure and heart rate as well as utilize
available technologies to assess perfusion.''?

Impact on Acute Brain Injury

The case-control study presented in the previ-
ous issue of The Journal of Pediatric Pharmacology
and Therapeutics provides the only data regarding
the impact of dexmedetomidine on the develop-
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ment of acute brain injury in preterm neonates.”
No difference was observed in the incidence of
severe IVH or PVL between dexmedetomidine-
treated cases and fentanyl-treated controls. Pro-
spective randomized controlled trials are needed
to further investigate this outcome.

Impact on Long-Term Neurodevelopment

Clinical data regarding dexmedetomidine are
complemented by preclinical data suggesting
neuroprotection of the developing brain by mul-
tiple potential mechanisms.'”! Initial models in
newborn rodents examined the impact of a single
bolus dose of dexmedetomidine after ibotenate-
induced brain lesions (designed to mirror the
pathology of PVLin the preterm human neonate).
Dexmedetomidine reduced the number of dam-
aged neurons in vitro and reduced the size of
the lesions in vivo.'*'* Subsequent experiments
confirming both in vitro and in vivo neuroprotec-
tion, demonstrating clinical efficacy, and showing
improved neurologic function were conducted
in rodents exposed to a hypoxic-ischemic insult
or isoflurane anesthesia.'*'# Preclinical experi-
ments assessing the neurodevelopmental impact
of prolonged dexmedetomidine infusion in both
developing rodent and non-human primate
models are necessary. Additionally, the long-term
neurodevelopmental impact of dexmedetomi-
dine must be assessed in all trials involving
preterm neonates. Advanced magnetic resonance
imaging will provide early insight regarding
potential brain injury as well as assess brain
growth and development.'”® Long-term develop-
mental follow-up will be necessary to confirm the
prognosis of early magnetic resonance imaging
findings and assess cognitive, motor, behavioral,
and psychosocial domains.'”

CONCLUSIONS

Research describing the developmental
physiology of nociception clearly demonstrates
the ability of preterm neonates to feel pain.
Numerous preclinical and clinical studies have
confirmed the adverse consequences of untreated
pain and stress on brain development. Based
on the available evidence, pharmacotherapy is
likely indicated for sedation of preterm neonates
during mechanical ventilation. However, routine
administration of analgesia or sedation in this
population is not recommended, mostly due

to concerns regarding the safety and efficacy of
these interventions.

Based on the available data from both preclinical
and clinical studies, non-pharmacologic therapies
should continue to form the foundation of neona-
tal pain and agitation relief. As stated, morphine
is not recommended for routine use in mechani-
cally ventilated preterm neonates due to the lack
of benefit on the incidence of brain injury and
concerns regarding safety. However, morphine is
likely the most appropriate first-line therapy for
preterm neonates requiring sedation on the basis
of available data. Morphine should be avoided
in neonates with pre-existing hypotension. There
is a paucity of data regarding the developmental
impact of other opiates, including fentanyl. Mid-
azolam should be avoided in preterm neonates,
due to the concerning incidence of brain injury in
randomized trial. Patients requiring midazolam
should receive a continuous infusion at a dose
appropriate for gestational age, and bolus dosing
should be avoided. Concerning data exist from
both animal and human studies regarding the
long-term neurodevelopmental impact of both
opioids and benzodiazepines. Dexmedetomidine
is a promising alternative, with data from both
animal models and adult humans suggesting
potential utility. Extensive multidisciplinary re-
search must be completed before widespread use
in preterm neonates is considered.
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