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Abstract
The prevention, assessment, and treatment of neonatal pain and agitation continues to challenge clinicians and researchers.
Substantial progress has been made in the past three decades, but numerous outstanding questions remain. In this setting,
clinicians must establish safe and compassionate standardized practices that consider available efficacy data, long-term
outcomes, and research gaps. Novel approaches with limited data must be carefully considered against historic standards of
care with robust data suggesting limited benefit and clear adverse effects. This review summarizes available evidence while
suggesting practical clinical approaches to pain assessment and avoidance, procedural analgesia, postoperative analgesia,
sedation during mechanical ventilation and therapeutic hypothermia, and the issues of tolerance and withdrawal. Further
research in all areas represents an urgent priority for optimal neonatal care. In the meantime, synthesis of available data
offers clinicians challenging choices as they balance benefit and risk in vulnerable critically ill neonates.

Introduction

As recently as 30 years ago, preterm neonates underwent
major surgical procedures without perioperative or post-
operative analgesia [1]. Careful investigation, including
basic science and clinical research, documented the unique
susceptibility of preterm neonates to adverse metabolic,
behavioral, and clinical responses to acute pain, sparking a
revolution in pain science in neonatal intensive care [2, 3].
Increasing evidence suggests that pain is a central factor
predicting brain dysmaturation, especially in babies born
very preterm and in those with many early exposures to pain
[4]. Pain in neonatal life also has profound long-term
developmental impacts [5]. In this context, the accurate
assessment and diligent avoidance of pain are vital,
although a consensus, standardized approach has yet to be
achieved. Nonpharmacologic comfort measures and sucrose
should be utilized for procedural pain; however, the optimal
bundle of interventions remains undefined. Provision of
analgesia prior to major invasive procedures ranging from

endotracheal intubation to surgery represents standard
neonatal care. Investigation of the short-term and long-term
safety of newer analgesic and anesthetic agents presents on
ongoing challenge. The optimal approach to preterm and
term neonates experiencing agitation during invasive
mechanical ventilation remains unclear. In addition, clin-
icians must address drug tolerance and iatrogenic with-
drawal in patients requiring long-term pharmacologic
sedation and/or analgesia. Finally, the ideal approach to
prevent agitation and shivering during therapeutic hypo-
thermia requires careful consideration. This review sum-
marizes available evidence addressing these areas of clinical
controversy, offering practical approaches for clinicians and
highlighting areas of urgent research need for investigators.

Assessment of neonatal pain and agitation

Defining pain

NICU hospitalization may require a broad range of painful
interventions, including skin breaks for laboratory testing,
intravenous line placement, and invasive mechanical ven-
tilation. Historically, considerable debate has surrounded
conscious pain perception in the newborn, due to the non-
verbal nature of neonates [6]. Landmark work in the late
20th century brought awareness that nociception and asso-
ciated physiological adverse effects occur even at the lowest
limits of human viability [2]. Unfortunately, methods of
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real-time, direct measure of nociception do not exist for
neonates. In the absence of tools that clearly assess the
necessity and effect of nonpharmacologic and pharmaco-
logic treatment, clinicians must rely on subjective beha-
vioral responses and surrogate physiological markers.

Pain scales

Neonatal pain assessment tools are predominantly designed
to assess procedural and postoperative pain or acute distress
with handling. These scales generally include physiologic,
behavioral, and contextual components. Five established
neonatal assessment tools are summarized in Table 1. All of
these tools can discern painful from stressful stimuli and
have very high intraclass correlations for pain assessment
during venipuncture [7]. Further, the N-PASS can also be
used to assess chronic pain/agitation during mechanical
ventilation [8]. Each neonatal unit should choose one tool
that best suits the breadth of that unit’s practices. Caregivers
should be rigorously trained on the selected tool to ensure
consistent assessment before, during, and after painful
procedures and during routine assessments, such as care
during invasive mechanical ventilation.

Objective measures of pain

For decades, investigators have tried to identify reliable,
noninvasive, and reproducible technologies for objectively
assessing neonatal pain and stress. Electroencephalography,
near-infrared spectroscopy (NIRS), skin conductance, and
salivary cortisol all discriminate noxious painful stimuli
from light touch [9, 10]. NIRS, heart rate, and oxygen
saturation can capture an acute pain response, whereas a
chronic stressful response is better captured by skin con-
ductance and salivary cortisol in term neonates [11]. These
objective methods show mild-to-moderate correlation with
behavioral assessment. However, it is still unclear which of
these techniques, individually or in combination with pain
scales, has the strongest reliability for assessing acute and
chronic pain and stress in infancy. Thus, bedside application
remains challenging.

Avoidance of pain and agitation

While some painful procedures are essential in the care of
the critically ill newborn, limitation or avoidance of others
may be feasible. Phlebotomy, frequently performed by
painful heel lance, is one such procedure. A thoughtful and
judicious approach to the number and frequency of per-
ipheral blood samples should be employed to reduce painful
events [12]. Replacement of laboratory-based assays with
noninvasive measurements, such as substitution of frequent Ta

bl
e
1
A
ss
es
sm

en
t
sc
al
es

of
ne
on

at
al

pa
in

an
d
ag
ita
tio

n.

N
am

e
P
M
A

U
se

co
nt
ex
t

C
om

po
ne
nt
s

S
co
re

ra
ng

e

P
hy

si
ol
og

ic
B
eh
av
io
ra
l

C
on

te
xt
ua
l

B
er
ne
se

P
ai
n
S
ca
le

N
eo
na
te
s
(B
P
N
)

27
–
41

A
cu
te

pa
in

R
es
pi
ra
to
ry

pa
tte
rn
,
he
ar
t
ra
te
,

ox
yg

en
sa
tu
ra
tio

n,
sk
in

co
lo
r

D
ur
at
io
n
of

cr
y,

tim
e
to

ca
lm

,
br
ow

bu
lg
e
w
ith

ey
e
sq
ue
ez
e,

po
st
ur
e

B
eh
av
io
ra
l
st
at
e

0–
27

C
O
M
F
O
R
T
N
eo

25
–
43

C
hr
on

ic
pa
in
/

ag
ita
tio

n
–

C
al
m
ne
ss
/a
gi
ta
tio

n,
re
sp
ir
at
or
y
re
sp
on

se
to

m
ec
ha
ni
ca
l
ve
nt
ila
tio

n
or

cr
yi
ng

,
bo

dy
m
ov

em
en
t,
fa
ci
al

te
ns
io
n,

bo
dy

/m
us
cl
e
to
ne

A
le
rt
ne
ss

6–
30

N
eo
na
ta
l
F
ac
ia
l
C
od

in
g

S
ys
te
m
-R
ev
is
ed

(N
F
C
S
-R
)

25
–
40

A
cu
te

pa
in

–
B
ro
w

bu
lg
e,

ey
e
sq
ue
ez
e,

na
so
la
bi
al

fu
rr
ow

,
ho

ri
zo
nt
al

m
ou

th
st
re
tc
h,

ta
ut

to
ng

ue
–

0–
5

N
eo
na
ta
l
In
fa
nt

P
ai
n

S
ca
le

(N
IP
S
)

26
–
47

A
cu
te

pa
in

B
re
at
hi
ng

pa
tte
rn

F
ac
ia
l
ex
pr
es
si
on

,
cr
y,

ar
m

to
ne
,
le
g
to
ne

B
eh
av
io
ra
l
st
at
e

0–
7

N
eo
na
ta
l
P
ai
n,

A
gi
ta
tio

n,
an
d

S
ed
at
io
n
S
ca
le

(N
-P
A
S
S
)

23
–
40

A
cu
te

or
ch
ro
ni
c

pa
in
/a
gi
ta
tio

n
V
ita
l
si
gn

ch
an
ge
s
(i
nc
lu
si
ve

of
he
ar
t
ra
te
,
re
sp
ir
at
or
y
ra
te
,
bl
oo

d
pr
es
su
re
,
ox

yg
en

sa
tu
ra
tio

n)

C
ry
in
g/
ir
ri
ta
bi
lit
y,

fa
ci
al

ex
pr
es
si
on

,
ex
tr
em

iti
es
/

to
ne

G
es
ta
tio

na
l
ag
e,

be
ha
vi
or
al

st
at
e

23
–
40

P
re
m
at
ur
e
In
fa
nt

P
ai
n
P
ro
fi
le
-

R
ev
is
ed

(P
IP
P
-R
)

25
–
40

A
cu
te

pa
in

H
ea
rt
ra
te
,
ox

yg
en

sa
tu
ra
tio

n
B
ro
w

bu
lg
e,

ey
e
sq
ue
ez
e,

na
so
la
bi
al

fu
rr
ow

G
es
ta
tio

na
l
ag
e,

be
ha
vi
or
al

st
at
e
(a
ct
iv
e/
qu

ie
t,
aw

ak
e/

as
le
ep
)

0–
18

P
M
A
po

st
m
en
st
ru
al

ag
e
in

co
m
pl
et
ed

w
ee
ks
.

384 C. McPherson et al.



blood gas analysis with a transcutaneous carbon dioxide
monitor, may be appropriate. Recent efforts in respiratory
management of very preterm neonates include immediate
use of continuous positive airway pressure in the delivery
room, early extubation, and strategies for decreasing rates of
unplanned extubation. While the impact of such efforts have
not been studied in relation to pain, a standardized approach
that limits intubation attempts and length of invasive
mechanical ventilation should be utilized.

Procedural analgesia

Routine neonatal care involves many procedures that range
from minimally invasive skin breaks to major surgery.
Although analgesia prior to major procedures is now stan-
dard neonatal care, the relative short-term and long-term
safety of newer analgesic and anesthetic agents challenges
investigators and clinicians [13]. Thus, procedural analgesia
should balance the risk of untreated pain with the side effects
of intervention, known and unknown [14]. Treatment should
be titrated based on the anticipated amplitude and duration
of pain. For example, treatment for minimally invasive
procedures centers on nonpharmacologic interventions and
sucrose, whereas endotracheal intubation and postoperative
care incorporate a variety of pharmacologic agents.

Minimally invasive procedures

Nonpharmacologic intervention

Optimal treatment of pain and agitation in neonates requires
a multimodal approach that always includes non-
pharmacologic strategies. Nonnutritive sucking, breast milk,
skin-to-skin contact, kangaroo care, and facilitated tucking
are all aspects of developmental care that are efficacious for
reducing the physiologic and behavioral pain response to
minimally invasive procedures such as needle sticks [15].
Facilitated tucking improves both pain reactivity and
immediate regulation in preterm neonates, while non-
nutritive sucking impacts both domains in term neonates,
emphasizing the importance of tailoring nonpharmacologic
therapy bundles based on neonatal maturity [16]. Although
the optimal bundle of nonpharmacologic interventions
remains undefined, individual neonatal units should select
the most feasible, evidence-based interventions and con-
sistently utilize them prior to all mild to moderately painful
procedures.

Sucrose

Clinical trials of oral administration of sucrose prior to heel
lance, venipuncture, and intramuscular injection

consistently show reduced crying, facial grimacing, and
motor activity in neonates [17]. Although sucrose demon-
strates benefit for behavioral responses, there is no impact
on oxygen consumption or energy expenditure, salivary or
plasma cortisol concentrations, or neural activity of
nociception-evoked circuits in the spinal cord or brain [17].
Sucrose also does not prevent development of remote
hyperalgesia in neonates, and there is no benefit for brain
growth, brain connectivity, or rates of neurodevelopmental
impairment at 18 months of age [18].

The mechanism by which sucrose improves behavioral
responses to pain may include stimulation of endogenous
opioid, dopaminergic, cholinergic, and/or serotonergic
pathways. Of relevance, chronic in utero stimulation of
these pathways may have detrimental implications for
development of motor function and attention [19]. Data in
preterm neonates show impaired motor function and diffi-
culties with attention/orientation at term-equivalent age
when >10 doses per day of 0.1 mL of 24% oral sucrose are
administered in the first week of life [20]. Thus, the lack of
objective efficacy and potential for adverse consequences at
high cumulative doses should prompt clinicians to utilize
sucrose judiciously. Specifically, use should be limited to
the minimum effective dose (0.1 mL of 24% solution) with
administration restricted to invasive procedures that illicit
mild–moderate pain [21].

Endotracheal intubation

Endotracheal intubation is often necessary for cardior-
espiratory stabilization in neonates but may cause acute
distress. Disruption of physiologic homeostasis by intuba-
tion may result in hypoxemia, bradycardia via vagal sti-
mulation, and systemic, pulmonary, and intracranial
hypertension [22]. Premedication with a variety of analge-
sics, sedatives, vagolytics, and muscle relaxants minimizes
airway trauma and physiologic instability (Table 2) [23].
Premedication also reduces procedure time and number of
attempts, regardless of the experience of the operator [24].

Analgesia

The ideal analgesic agent for endotracheal intubation should
have a rapid onset, short duration of action, and minimal
impact on respiratory mechanics. Opioids, such as remi-
fentanil and fentanyl, are options that provide analgesia via
agonism of G-protein-coupled μ-opioid receptors. Remi-
fentanil produces favorable intubation conditions that
improve first-attempt success when compared to an opioid
with slower onset (morphine) [25]. Remifentanil distributes
within 1 min of intravenous administration and has an
elimination half-life of 5.4 min in neonates. Fentanyl also
distributes almost immediately on intravenous
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administration, but has a longer elimination half-life of 5.2
and 9.5 h in term and preterm neonates, respectively. Thus,
in clinical scenarios where the intubation, surfactant ther-
apy, extubation (INSURE) approach is used, the long half-
life of fentanyl may confound attempts at immediate extu-
bation [26].

It is important for the clinician to be aware of data on
methods of administration of these opioids. Neonatal units
must have easy access to dilute remifentanil (20 mcg/mL,
stable for 24 h) or fentanyl (5 mcg/mL, stable for 90 days)
prepared sterilely in a pharmacy [27]. Bedside manipulation
of the commercially available 50-mcg/mL intravenous
solutions should be avoided. Intravenous administration
must occur via a syringe pump over a minimum of 3 min to
avoid chest wall rigidity [28]. In some circumstances,
neonates without intravenous access require intubation. In

this circumstance, intravenous remifentanil or fentanyl can
be administered intranasally [29, 30].

Sedation

Sedation for endotracheal intubation can be provided with
midazolam, a benzodiazepine. Midazolam binds gamma-
aminobutyric acid (GABA)A receptors and promotes hyper-
polarization of the neuron through chloride influx. Hypnotic
activity occurs within 1–2min, with a median plasma
elimination half-life of 6.3 h in preterm neonates. When uti-
lized in conjunction with analgesia, midazolam further
improves intubating conditions, lowers pain scale scores, and
reduces disruption of physiologic homeostasis [31]. Intranasal
midazolam can also be used for sedation in appropriately
selected patients without intravenous access [32]. It is

Table 2 Pharmacokinetic and clinical data for selection of optimal premedication for endotracheal intubation.

Agent Class Pharmacokinetic data Clinical notes

Onset Duration

Atropine Vagolytic 1 mina 2 h – Eliminates vagally mediated bradycardia events during intubation

Cisatracurium Muscle relaxant 2–3 min 35–45 min – Minimal neonatal data

Fentanyl Opioid analgesic 1 minb Half-life 9.5 h – Produces superior intubating conditions to remifentanil when given with
muscle relaxant
– Produces stiff chest with rapid administration
– May prolong time required to successful extubation

Glycopyrrolate Vagolytic 1 min 2 h – Minimal neonatal data

Midazolam Sedative hypnotic 1–2 minc Half-life 6.3 h – Improves pain scores and reduces physiologic changes when combined
with fentanyl
– Produces clinically significant hypotension in high proportion of preterm
neonates

Morphine Opioid analgesic 5–15 min Half-life 10 h – No impact on physiologic adverse effects when given ≤ 5 min prior to
intubation

Pancuronium Muscle relaxant 2–5 min 2–3 h – With atropine, reduces physiologic disturbances

Propofol Sedative hypnotic 1 min Half-life 13 min – Improves oxygen saturations and minimizes procedure time compared
to opioid
– Produces clinically significant hypotension in high proportion of preterm
neonates

Remifentanil Opioid analgesic 1 mind Half-life 5.4 min – Produces good or excellent intubating conditions; extubation possible
within 20 min
– Produces stiff chest with rapid administrations

Rocuronium Muscle relaxant 1–3 mine 40–60 min – With opioid and atropine, improves success rate on first attempt

Succinylcholine Muscle relaxant 1 minf 6–8 min – With atropine, reduces physiologic disturbances and facilitates more rapid
successful intubation

Vecuronium Muscle relaxant 2–3 min 50–70 min – With opioid, produces good intubating conditions

Pharmacokinetic data presented as mean values in studies of preterm neonates when available; values are extrapolated from more mature
populations when neonatal data are unavailable.
aIntramuscular dosing increases onset to 15–30 min.
bIntranasal dosing increases onset to 5–10 min
cIntranasal dosing increases onset to 5 min.
dIntranasal dosing increases onset to 3 min.
eIntramusclar dosing increases onset to 7 min and duration to 2 h.
fIntramusclar dosing increases onset to 4 min and duration to 16 min.

386 C. McPherson et al.



important to note that midazolam should not be used
alone for endotracheal intubation. Midazolam should also
not be included in premedication of preterm neonates
<34 weeks corrected gestational age, because of an unac-
ceptable risk of desaturation and/or hypotension in this
population [33, 34].

Alternative agents

Recent investigations have focused on propofol and keta-
mine as potential single-agents for analgesia and sedation
prior to intubation. Propofol provides analgesia, sedation,
and amnesia via agonism of GABAA receptors and antag-
onism of N-methyl-D-aspartate (NMDA) receptors. Propo-
fol distributes almost immediately and has a median
elimination half-life of 13 min from the central nervous
system, despite prolonged distribution and terminal elim-
ination from adipose tissue. In a small randomized trial,
propofol facilitated successful intubation, reduced desa-
turation events, and had a shorter recovery time compared
to a multi-agent approach [35]. However, response is highly
variable, and adverse effects, such as clinically significant
hypotension, are common [36, 37]. Propofol has also been
used for less invasive surfactant administration with evi-
dence of improved comfort, but was associated with
increased need for respiratory support [38].

Ketamine, an NMDA antagonist with rapid onset of
action (1–2 min) and relatively short duration (15–30 min),
has also been studied. Pilot observational data in preterm
neonates report lower pain scores and less vagal bradycardia
compared to no premedication [39]. However, ketamine has
direct negative inotropic effects. Although augmentation of
cardiovascular function through stimulation of endogenous
catecholamine release can generally overcome these effects,
cardiac arrest has been reported in older patients with
exhausted catecholamine stores [40]. The concerning
adverse effect profiles of both propofol and ketamine sup-
port the use of remifentanil or fentanyl as standard of care
prior to endotracheal intubation in neonates, with mid-
azolam reserved for adjunctive sedation in neonates
≥34 weeks postmenstrual age.

Postoperative analgesia

The optimal level of anesthesia and the specific pharma-
cologic approach for major surgery in neonates are an area
of active investigation beyond the scope of this review [13].
Optimal pain management after major neonatal surgery is
also essential. The mainstay of therapy for postoperative
pain is an opioid, either as a continuous infusion or as
scheduled bolus doses, for a duration that reflects the extent
of the intervention [41]. Morphine 10 mcg/kg/h or 30 mcg/
kg/dose every 3 h represent reasonable initial doses in

opioid-naïve patients, with liberal bolus dosing provided as
needed for breakthrough pain.

There is increasing interest in the use of spinal and epi-
dural anesthesia for postoperative pain management in
neonates. A large meta-analysis of preterm neonates clearly
demonstrates decreased apnea and bradycardia in the post-
operative period with epidural anesthesia, but failed to
demonstrate a reduction in postoperative opioid use [42]. In
contrast, scheduled intravenous acetaminophen effectively
reduces postoperative opioid requirement [43]. The intra-
venous route is preferred over rectal therapy, because of
erratic absorption and unclear efficacy for the latter [44, 45].
Despite the clear benefits of intravenous acetaminophen, its
use has been restricted in some healthcare organizations due
to relatively high cost. Therefore, intravenous acet-
aminophen should be restricted to evidence-based indica-
tions, including postoperative pain and not heel lance or eye
examination [46].

Sedation of the premature neonate during
invasive mechanical ventilation

Invasive mechanical ventilation is associated with sig-
nificant distress in patients able to self-report [47]. For a
neonatal population that cannot self-report, one must rely on
indirect markers such as stress hormones [48], and must
account for the detrimental effects of ventilator asynchrony,
which can worsen chronic pulmonary disease through
higher peak airway pressure and tidal volume [49]. Con-
tinuous analgesia or sedation should be avoided in preterm
neonates undergoing short durations of invasive mechanical
ventilation [50]. For prolonged invasive mechanical venti-
lation, nonpharmacologic therapy, including appropriate
containment and an optimal sensory environment, is vital.
Controversy exists regarding the role of continuous
analgesia or sedation in preterm neonates requiring pro-
longed mechanical ventilation who exhibit agitation
refractory to nonpharmacologic therapy (Tables 3 and 4).

Opioids

Although clinical trials of morphine or fentanyl for sedation
of the chronically mechanically ventilated preterm neonate
demonstrate no increase in the composite incidence of intra-
ventricular hemorrhage, periventricular leukomalacia, or
death (in the absence of pre-existing hypotension), they also
show no benefit, with a longer duration of mechanical ven-
tilation and delayed tolerance of enteral feedings [51–55].
Discrete brain injury aside, preclinical data are concerning,
suggesting that prolonged opioid exposure may increase
neuroapoptosis leading to neurodevelopmental deficits [56].
The neurodevelopmental risk of opioids may vary depending
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on the agent used and the degree of prematurity, possibly
resulting from impaired brain growth rather than catastrophic
insult.

Continuous infusion of fentanyl at standard doses in
preterm neonates results in significant accumulation of drug
[57]. A retrospective cohort study demonstrated that cere-
bellar growth decreases as cumulative fentanyl exposure
increases [58]. Further, fentanyl administered as a 1-mcg/kg
bolus followed by 1 mcg/kg/h continuous infusion for
7 days or less (median duration of exposure in the treatment
group was 151.5 h) has been associated with neurodeve-
lopmental impairment at 24 months corrected age [55, 59].
A recent, robust pharmacokinetic study of continuous
infusion fentanyl suggests alternative dosing for preterm
neonates born at <32 weeks gestational age (0.5 mcg/kg/h
for the first 4 days of life and 0.75 mcg/kg/h from day of life
5–9) [60]. This approach has the potential to mitigate some

of the negative neurodevelopmental consequences of fen-
tanyl exposure, although it requires prospective evaluation
with long-term follow-up.

Human studies of morphine have been slightly more
reassuring; morphine 100-mcg/kg bolus followed by
10 mcg/kg/h continuous infusion for 7 days or less (median
duration of exposure in the treatment group was 77 h)
showed no detrimental long-term neurological effects
[54, 61, 62]. However, retrospective data clearly highlight
the importance of limiting cumulative dose to optimize
brain growth and long-term outcome [63–65].

Benzodiazepines

Benzodiazepines are a drug class that should be avoided in
mechanically ventilated preterm neonates due to substantial
risk of severe intraventricular hemorrhage, periventricular

Table 3 Advantages and disadvantages of available agents for continuous sedation of preterm neonates during mechanical ventilation.

Agent Advantages Disadvantages

Dexmedetomidine – Decreased adjunctive sedation compared to fentanyl
– Decreased incidence of delirium compared to benzodiazepine
– Minimal respiratory depression
– Minimal impact on gastrointestinal motility

– Potential hypotension and bradycardia

Fentanyl – Decreased adrenaline and cortisol concentrations
– Less impact on gastrointestinal motility compared to morphine

– Prolongation of mechanical ventilation
– Delayed meconium passage
– Rapid tachyphylaxis

Midazolam – Decreased pain scores during endotracheal suction – Increased severe IVH, PVL, or death
– Hypotension
– Myoclonus
– Frequent delirium
– Tachyphylaxis

Morphine – Increased ventilator synchrony
– Decreased adrenaline concentrations
– No impact on incidence of severe IVH, PVL, or death

– Hypotension
– Prolongation of mechanical ventilation
– Prolongation of time to full enteral feedings
– Tachyphylaxis

IVH intraventricular hemorrhage; PVL periventricular leukomalacia.

Table 4 Early sedative/analgesic exposure and long-term outcome.

Agent Preclinical data Clinical data

Opioids – Neuroapoptosis
– Reduced neuronal density and dendritic length
– Reduced brain growth
– Persistently decreased motor activity
– Persistently impaired learning ability

– Reduced cerebellar growtha

– Increased muscle tone at 36 weeks postmenstrual agea

– Impaired cognitive and motor outcome at 18 months of agea

– Lower scores on the visual analysis domain of intelligence
quotient at 5 years of ageb

– Superior executive function by parent report at 8–9 years of ageb

Benzodiazepines – Neuroapoptosis
– Suppressed neurogenesis
– Delayed motor development

– None

Alpha-2
agonists

– Neuroprotection and decreased lesion size in models of
periventricular leukomalacia

– Neuroprotection and improved developmental outcome
in models of hypoxia-ischemia and isoflurane exposure

– None

aRetrospective and prospective studies of relatively high-level opioid exposure.
bProspective study of relatively low-level opioid exposure.
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leukomalacia, or death [66]. These acute adverse effects
may be driven by transient hypotension and decreased mean
cerebral blood flow velocity associated with bolus doses
in preterm neonates [34]. Preclinical studies have also
shown neuroapoptosis and long-term functional deficits
following early benzodiazepine exposure [56]. Given the
availability of other options, current evidence supports
avoidance of benzodiazepines in preterm neonates.

Alpha-2 receptor agonists

Dexmedetomidine, a highly selective alpha-2-adrenergic
receptor agonist that provides analgesia, anxiolysis, and
sedation, has the potential to augment or replace opioids
and benzodiazepines in chronically mechanically ventilated
preterm neonates. Clinical data in preterm neonates suggest
superior efficacy compared to opioids [67]. Further, dex-
medetomidine does not cause respiratory depression or
gastrointestinal dysmotility. Preclinical data regarding
alpha-2 agonists also suggest the possibility of neuropro-
tection of the immature brain [68]. Robust safety and effi-
cacy data are needed in preterm neonates before universal
usage can be recommended, but incorporation of dexme-
detomidine into sedation protocols for preterm neonates
may be warranted given the clear adverse effects of opioids
and benzodiazepines.

Sedation of the term neonate during
invasive mechanical ventilation

In contrast to preterm neonates, severe illness in late pre-
term or term neonates often warrants continuous infusion of
multimodal analgesia and sedation [50]. Reduction of left
ventricular afterload, achievement of ventilator synchrony,
and reduction of total metabolic demand are mainstays of
treatment for respiratory failure often complicated by pul-
monary hypertension. In addition to differences in phy-
siology, the duration of analgesia and sedation should be
significantly shorter for term neonates compared to preterm
neonates.

In mechanically ventilated term neonates, there are no
clear data to guide specific sedative/analgesic choices. A
multimodal approach has the potential to reduce the dosage
of any individual agent and mitigate the overall risk of
adverse effects [69]. Fentanyl or morphine in conjunction
with midazolam achieve this desired outcome. Some clin-
icians may prefer fentanyl due to a more rapid onset and
shorter duration of action, although clearance is sub-
stantially prolonged in critically ill term neonates compared
to older pediatric patients [70]. Morphine or hydro-
morphone may be preferred in neonates who require
extracorporeal membrane oxygenation due to significant

sequestration of fentanyl by the circuit; sequestration of
lorazepam and midazolam must also be considered in this
population [71]. Dexmedetomidine may also play a role,
providing sedation without additive respiratory depression
[72]. However, the benefits of dexmedetomidine in term
neonates requiring continuous sedation from opioids and
benzodiazepines are likely to be modest [73]. Regardless of
the specific cocktail, titration should be based on sedation
scale scores and the duration of therapy should be limited to
the duration of acute lung disease.

Addressing tolerance and avoiding
withdrawal

Tolerance

Despite efforts to minimize the dose and duration of seda-
tion and analgesia, preterm and term neonates with pro-
longed ventilator dependence may require prolonged
exposure to opioids, benzodiazepines, and/or alpha-2 ago-
nists. Drug tolerance, or tachyphylaxis, increases the neo-
nate’s dosing requirement often without improved clinical
efficacy [74]. A limited number of strategies exist to combat
tachyphylaxis in neonates.

Opioid rotation may be utilized to maximize benefit
while mitigating the risk of further dose escalation and
potential consequent adverse effects [75]. Limited data
guide opioid rotation in adult patients; standards of care in
neonates have been established exclusively by extrapolation
from adult literature considering the unique pharmacoki-
netic properties of opioids in the neonatal population
(Table 5) [76]. Although standard of care in pediatric pal-
liative care, the appropriateness of these approaches
requires careful validation in neonates.

Clinicians may also consider alternative medications
when neonates experience agitation resistant to current
standards of care. Methadone has been utilized as an
alternative or adjunctive opioid with the additional advan-
tage of NMDA receptor antagonism and delta-opiate
desensitization. Dosing, safety, and efficacy have been
established for the treatment of neonatal abstinence syn-
drome [77]. Despite long-standing consideration, minimal
data exist regarding dosing and efficacy in the setting of
chronic neonatal pain [78]. Clinicians utilizing this therapy
must monitor carefully for adverse effects, including QTc
interval prolongation [79].

Gabapentin has emerged as a potential treatment option
for visceral hyperalgesia refractory to conventional thera-
pies. Infants with a history of gastrointestinal morbidity
with or without concomitant neurologic conditions may be
suffering from visceral hyperalgesia if they demonstrate
irritability, hypertonicity, and/or feeding intolerance without
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a clear etiology after diagnostic evaluation. In these infants,
gabapentin has the potential to decrease irritability, improve
oral feeding fraction, and/or decrease cardiorespiratory
events [80]. It is critical to determine the goals of therapy
prior to initiation of this experimental agent and utilize
objective criteria for therapeutic success including a vali-
dated sedation scale. Infants who receive gabapentin should
be monitored carefully for bradycardia and nystagmus.
Prospective trials are urgently needed to evaluate the ben-
efits and risks of gabapentin compared to current standards
of care, with a specific focus on long-term developmental
outcomes.

Iatrogenic withdrawal

Prolonged pharmacologic treatment of pain and agitation
will produce iatrogenic drug dependence. Cumulative
exposure, or the combination of total dose and consecutive
days of therapy, correlate with the likelihood of withdrawal
symptoms [81]. However, the frequency of tolerance and
withdrawal also varies based on differing chemical struc-
tures (e.g., synthetic opioids > opiates), biological half-lives,
and interactions with neuronal protein-kinases (e.g., fenta-
nyl > morphine > methadone) [82]. Well-designed colla-
borative studies of patients with neonatal abstinence
syndrome have advanced knowledge of neonatal drug
withdrawal; however, limited evidence informs the specific
approach to treating iatrogenic withdrawal [83].

Neonates with ongoing requirement for intravenous
access for parenteral nutrition or other pharmacotherapy
may be weaned gradually from their continuous opioid,
benzodiazepine, or alpha-2-agonist infusion. Controversy
exists regarding the appropriate duration of analgesic and
sedation weans. Limited research suggests efficacy with
relatively short weans (5–10 days), regardless of duration of
exposure. Some experts argue instead for a wean duration

proportional to the duration of continuous exposure, with
customized weans generally equivalent in duration to rela-
tively short exposures (≤1 month) and at least half the
duration of prolonged exposures (>1 month) [83]. For
neonates who no longer require intravenous access, oral
agents may be utilized to complete weans (Table 6). Neo-
natal units must weigh the risks and benefits of utilizing the
same assessment tool for neonatal abstinence and iatrogenic
withdrawal versus introducing a tool validated for iatro-
genic withdrawal in older pediatric patients [83]. Centers
with robust experience in preventing iatrogenic drug with-
drawal should strongly consider evaluation and publication
of their methodology and outcomes to add evidence to this
largely anecdotal aspect of care.

Sedation of the term neonate during
therapeutic hypothermia

Therapeutic hypothermia (TH) has become standard of care
for neonates with hypoxic-ischemic encephalopathy, but is
associated with significant physiologic stress to the neonate,
as evidenced by elevated circulating cortisol and nor-
epinephrine levels when compared to neonates maintained
at normothermia [84]. The impact of this stress may be
sufficient to negate the neurodevelopmental benefits of TH,
a hypothesis supported by preclinical neonatal models [85].
Excessive exposure to endogenous cortisol and shivering
during unsedated cooling have been proposed as mechan-
isms. The negative effects of shivering are blunted by
continuous infusion of concurrent analgesia (remifentanil)
and sedation (propofol) in a preclinical model [86]. How-
ever, these findings may not extrapolate to human neonates,
who preferentially generate heat through utilization of
brown fat rather than shivering, in contrast to piglets who
lack brown fat [87]. Therefore, the neonate’s clinical status

Table 6 Intravenous to oral analgesic/sedation conversions.

Current intravenous agent Oral alternative Dose calculation

Fentanyl (mcg/kg/h) Morphine (mg/kg/dose)a Multiply hourly fentanyl dose by 0.1. Administer as morphine every 4 h.

Fentanyl (mcg/kg/h) Methadone (mg/kg/dose)a Multiply hourly fentanyl dose by 0.05–0.1. Administer as methadone every 6 h.

Midazolam (mg/kg/h) Lorazepam (mg/kg/dose)a Multiply hourly midazolam dose by 0.5–1. Administer as lorazepam every 6 h.

Dexmedetomidine (mcg/kg/h) Clonidine (mcg/kg/dose)a Multiply hourly dexmedetomidine dose by 5. Administer as clonidine every 4 h.

aDose calculations result in weight-based dose. Multiply by dosing weight to convert from mg/kg/dose to mg/dose.

Table 5 Approach to opioid rotation in the neonate.

Current agent Arbitrary maximum dose New agent Dose calculation

Fentanyl 5 mcg/kg/h Morphine (mcg/kg/hr) Multiply fentanyl dose by 10–20 and reduce by ~25% for cross
tolerance

Morphine 200 mcg/kg/h Hydromorphone (mcg/kg/hr) Divide morphine dose by 7 and reduce by ~25% for cross tolerance
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and the benefit–risk profile of pharmacologic agents should
be considered in decision-making regarding analgesia or
sedation for neonates undergoing TH.

Opioids during TH

A retrospective study of asphyxiated neonates published
prior to the widespread use of TH-identified less brain
injury and better scores on the Pediatric Cerebral Perfor-
mance Category Scale at discharge in neonates who
received morphine compared to those who did not, despite
greater severity of illness [88]. While randomized controlled
trials of TH allowed analgesia/sedation at the providers’
discretion, only the neo.nEURO study used standardized
opioid treatment (morphine 0.1 mg/kg every 4 h or an
equivalent dose of fentanyl) [89, 90]. This trial identified a
larger effect size of TH (32% absolute risk reduction [ARR]
of death or severe disability) compared to previous trials
(ARR= 15%), which the authors asserted may have been
partially due to consistent use of opioid analgesia. However,
the relatively high incidence of death or severe disability in
the control group of this trial may also have contributed to
effect size differences. In addition, increased patient com-
fort with servo-controlled cooling devices (as opposed to
manually controlled devices) may modify the clinical ben-
efit of pharmacologic analgesia/sedation.

When choosing to provide opioids during TH, one must
consider the risk of adverse effects and account for the
altered physiology of hypothermia and its impact on drug
accumulation. Retrospective analysis of the NICHD TH
trial revealed a longer duration of mechanical ventilation,
time to full oral feedings, and length of stay associated with
open-label sedation/analgesic exposure (opioids, benzodia-
zepines, and barbiturates) [91]. Morphine clearance is
altered during TH through at least three mechanisms:
decreased activity of cytochrome P450 enzymes, reduced
volume of distribution from peripheral vasoconstriction,
and reduced glucuronidation [92]. Hepatic and renal injury,
which are variable and often not immediately appreciated
after asphyxia, provide additional impediments to drug
clearance. If morphine is utilized for sedation during ther-
apeutic hypothermia, clinicians should maintain strict
adherence to a treatment protocol designed for TH to limit
the risk of adverse events. Unlike the use of morphine in
critically ill term neonates where frequent assessment and
dose adjustment is the ideal approach, clinicians should
avoid titration of the continuous infusion outside of extreme
clinical circumstances; it will not produce acute clinical
benefits, but will result in a higher plateau concentration
after accumulation and increase risk of adverse events. Two
recent large pharmacokinetic studies have been conducted
that suggest morphine 50 mcg/kg intravenously once, fol-
lowed by 5 mcg/kg/h is appropriate dosing to maintain

therapeutic concentrations during TH [92, 93]. Acute agi-
tation or shivering should be managed through conservative
bolus dosing (generally 50 mcg/kg) with careful clinical
assessment before and after the dose.

An alternative approach—dexmedetomidine

Following a hypoxic insult, noradrenaline-mediated acti-
vation of alpha-2-adrenergic receptors appears to suppress
brain activity during the latent phase of hypoxic-ischemic
encephalopathy. Blockade of alpha-2-adrenergic receptors
inhibits this suppression and exacerbates neuronal loss,
while low-dose infusion of an exogenous alpha-2-
adrenergic receptor agonist is neuroprotective [94]. Dex-
medetomidine increases expression of enzymes responsible
for neuronal survival and synaptic plasticity and suppresses
cytokine-mediated brain injury [95]. In animal models,
treatment with dexmedetomidine after hypoxia-ischemia
reduces loss of brain tissue and improves neurologic func-
tion [96]. Importantly, the neuroprotective effects of dex-
medetomidine in these models are comparable, but not
additive, to those achieved with TH [97]. Clinically, alpha-2
agonists lower the shivering threshold to a similar degree as
general anesthetics, while providing moderate sedation and
no respiratory depression [98].

Extrapolation of preclinical data to neonates undergoing
TH must be done with caution. Pediatric patients placed on
dexmedetomidine infusion after hypoxic-ischemic events
often experience significant bradycardia [99]. As the most
common side effect of TH is bradycardia, the additive effect
raises the theoretical possibility of bradyarrhythmia or
inadequate cardiac output. Like morphine, the pharmaco-
kinetics of dexmedetomidine are altered such that clearance
is reduced by 56% following experimental hypoxia-
ischemia and an additional 33% during TH [100]. A ret-
rospective cohort study identified an effective dose of
0.3 mcg/kg/h (range 0.2–0.5 mcg/kg/h) during TH with no
evidence of altered respiratory status, bradycardia, or
hypotension at these lower doses [101]. Further, full enteral
feedings were achieved at a mean of 6 days of life, sooner
than historic controls treated with fentanyl infusion. Pro-
spective trials are needed to confirm the favorable
benefit–risk profile of dexmedetomidine in TH and evaluate
implications for long-term neurodevelopment, but in the
interim, this appears to be an appealing alternative to
morphine in neonates requiring sedation during TH.

Conclusions

Critically ill neonates are exposed to frequent painful
procedures and agitating stimuli, with a negative impact
on long-term outcome in the most vulnerable patients. Despite
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extensive research, the optimal approach to assessment,
nonpharmacologic care, and pharmacotherapy remains elu-
sive in most circumstances. Investigators must prioritize study
designs that ethically generate novel data, ideally in colla-
boration with regulatory agencies to reduce the exclusively
off-label utilization of medications discussed in this review.
Even in the absence of scientific consensus, neonatal units
must develop algorithms for the avoidance and treatment of
pain and agitation in common clinical situations. Strong
consideration should be given to the short-term and long-term
safety of available interventions in the setting of limited data
regarding objective efficacy. Existing analgesia or sedation
practices should be maintained only where sufficient historic
data support that standard. In the absence of data supporting
efficacy, safety, and long-term benefit, novel interventions
should be strongly considered in current clinical practice.
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