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Abstract Remifentanil is a synthetic opioid derivative
that was introduced into clinical practice in the United
States in 1996. The unique modification of its chemical
structure to include a methyl-ester ring allows its hydroly-
sis by non-specific plasma and tissue esterases. This molec-
ular configuration results in its rapid metabolism thereby
providing a rapid onset, easy titration by continuous infu-
sion, and a short context-sensitive half-life with rapid elim-
ination. These principles are stable and consistent across all
age groups regardless of the infusion characteristics. Owing
to these pharmacokinetic characteristics, it is an effective
agent in the neonatal population allowing the provision of
intense analgesia and anesthesia with a rapid recovery pro-
file in various clinical scenarios. Here, we review the phar-
macokinetics of remifentanil in neonates, discuss its clini-
cal applications including intraoperative administration for
anesthetic care, unique applications for procedural sedation
including endotracheal intubation, and its potential use for
sedation in the Intensive Care Unit setting during mechani-
cal ventilation.

Keywords Remifentanil - Neonatal anesthesia - Sedation

P4 Joseph D. Tobias
Joseph.Tobias @nationwidechildrens.org

Department of Anesthesiology and Pain Medicine,
Nationwide Children’s Hospital, 700 Children’s Drive,
Columbus, OH 43205, USA

Department of Anesthesiology and Pain Medicine, The Ohio
State University College of Medicine, Columbus, OH, USA

Department of Pediatrics, The Ohio State University College
of Medicine, Columbus, OH, USA

Introduction

Remifentanil is the newest of the piperidine synthetic opi-
oid derivatives, being introduced into clinical practice in
the United States in 1996. It has potent affinity for p-opioid
receptors but has less affinity for other opioid receptors
(« and o) [1, 2]. No significant clinical effects have been
demonstrated for non-opioid receptors. Its potency and
respiratory depressant effect is generally considered to be
twice that of fentanyl; however, its half-life is significantly
shorter [1-3]. Modification of its chemical structure with
the incorporation of a methyl-ester ring into the molecule
allows its hydrolysis by non-specific plasma and tissue
esterases. Its principle metabolite, GR90291, also binds to
1, k and o receptors, but has only 1/4,600th the potency
of remifentanil as a p-opioid agonist [4]. Unlike succinyl-
choline, its duration of action and elimination are unaf-
fected by acquired or inherited deficiencies of the enzyme
butyrylcholinesterase (pseudocholinesterase) [5].

This molecular configuration and its rapid metabolism
results in a unique pharmacokinetic and pharmacodynamic
profile with a rapid onset, easy titration by continuous
infusion, and a short context-sensitive half-life with rapid
elimination across all age groups regardless of the infusion
characteristics [6, 7]. Owing to its predictable characteris-
tics, it has become an effective agent in the neonatal popu-
lation allowing the provision of intense analgesia/anesthe-
sia with a rapid recovery profile [8]. Here, we review the
pharmacokinetics of remifentanil in neonates, discuss its
clinical applications including intraoperative administration
for anesthetic care, unique applications for procedural seda-
tion including endotracheal intubation, and its potential use
for sedation in the Neonatal Intensive Care Unit (NICU)
setting during mechanical ventilation. The literature
review included a Medline search (last updated in August
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2015) with PubMed using the search terms ‘neonate’ and
‘remifentanil’. The search was limited to human studies in
the English language. In addition, we also searched the ref-
erence lists of published studies for further potential arti-
cles. A published systematic review was also examined for
references.

Pharmacodynamic properties

Remifentanil is metabolized by blood and tissue ester-
ases and its principle metabolite is eliminated in the urine.
Therefore, unlike other synthetic opioids, the metabolism
of remifentanil is independent of both renal and hepatic
function [9-11]. Given this non-organ-dependent elimina-
tion with sole dependence on plasma and tissue esterases,
the pharmacodynamic parameters are similar across all age
ranges including neonates. These pharmacokinetic princi-
ples and their resultant clinical effects were clearly dem-
onstrated by early trials using intraoperative remifentanil
in neonates and infants [12—-14]. During general anesthe-
sia with halothane in nitrous oxide and oxygen, remifen-
tanil (5 pg/kg over 1 min) was administered to 42 pediat-
ric patients [12]. The patients were divided into 6 groups
based on age including young infants (<2 months), older
infants (>2 months to <2 years), young children (2 to
<7 years), older children (7 to <13 years), adolescents (13
to <16 years), and young adults (16 to <18 years). The vol-
ume of distribution (Vd) was largest in the youngest age
group (young infants) at 453 &+ 145 mL/kg) and decreased
to 223 + 31 mL/kg in the 13- to 16-year-old patients and
2425 £ 109.2 mL/kg in young adults. Clearance (CL)
was most rapid in the younger age at 90.5 + 36.8 and
92.1 £+ 25.8 mL/kg/min in the infants aged <2 months
and those aged 2 months to 2 years, respectively. CL was
lowest in the two oldest age groups (57.2 = 21.1 and
46.5 £ 2.1 mL/kg/min.). Although a higher Vd and CL
were noted in the younger age groups, the elimination half-
life was similar among the groups with the mean varying
from 3.4—5.7 min and the range varying from 3—8 min in
all 42 patients. Given these data, the authors predicted that
a higher infusion rate was needed to achieve the same tar-
get level with neonates compared to older children.

The clinical effect of this rapid metabolism is dem-
onstrated by a two-part study evaluating the periopera-
tive effects of an intraoperative remifentanil infusion [13,
14]. In this multicenter study, 60 infants with pyloric ste-
nosis were randomized to receive either remifentanil with
nitrous oxide and oxygen or halothane with nitrous oxide
and oxygen as the maintenance anesthetic. No premedica-
tion was administered. Anesthesia was induced with atro-
pine (10 pg/kg), propofol (2 mg/kg), and succinylcholine
(2 mg/kg). After the trachea was intubated, cis-atracurium

@ Springer

was administered as needed to maintain muscle relaxa-
tion and rectal acetaminophen was administered for post-
operative pain relief. Intraoperative remifentanil dosing
ranged from 0.39—1 pg/kg/min with an average infusion
rate of 0.55 pg/kg/min. There were no significant differ-
ences in the hemodynamic values between the two groups
at the various intraoperative points. Extubation time, post-
anesthesia care unit discharge time, need for supplemental
analgesic medications, and adverse events were similar for
both groups. However, significant differences were noted
when evaluating postoperative respiratory function. No
patient anesthetized with remifentanil, who had a normal
preoperative pneumogram, had an abnormal postoperative
pneumogram (0 of 22), whereas 3 of 13 patients (23 %)
with a normal preoperative pneumogram who were anes-
thetized with halothane had an abnormal postoperative
study (p = 0.04). The authors of the study concluded that
“Remifentanil was not associated with clinically observed
postoperative respiratory depression, nor was remifentanil
associated with a new onset of pneumogram abnormalities
in the postoperative period. The use of ultra-short-acting
opioids combined with nitrous oxide and oxygen seems to
be a safe and appropriate anesthetic technique for infants
less than 2 months old in whom tracheal extubation after
surgery is anticipated”.

Clinical applications
Intraoperative administration

In addition to the above studies investigating the pharma-
cokinetic principles of remifentanil and its postoperative
effects on respiratory function in neonates and infants, sev-
eral other authors have described the intraoperative use of
remifentanil in neonates and young infants during various
surgical procedures. In a prospective study, 30 full-term
infants were randomized to receive either 0.4 pg/kg/min
of remifentanil infusion or 0.75 % inspired concentration
of isoflurane for maintenance anesthesia following anes-
thetic induction and endotracheal intubation [15]. At the
beginning of skin closure, the anesthetic agent (isoflurane
or remifentanil) was discontinued and paracetamol (15 mg/
kg) was administered. Although the intraoperative heart
rate (HR) was lower in patients receiving remifentanil, the
extubation time between the groups was similar.

Michel et al. reported their retrospective experience
involving 65 infants presenting for abdominal surgery who
received intraoperative anesthesia with endotracheal intu-
bation and mechanical ventilation using sevoflurane and
a remifentanil infusion [16]. The patients were separated
into 3 groups—pre-term neonates (PTN, n = 21), full-term
neonates (FTN, n = 24), and children aged <2 years (CUT,
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n = 20). The remifentanil infusion was initiated at 0.2 g/
kg/min and adjusted as needed. Neuromuscular blocking
agents were not administered. There were no statistically
significant differences between groups in length of anes-
thesia, surgery, duration of remifentanil infusion, and time
between initiation of the remifentanil infusion and surgery.
However, although not meeting statistical significance,
the duration of surgery was 66.6 £ 43.4, 68.2 £ 45.0,
and 109.0 £ 90.5 min in the PTN, FTN and CUT groups,
respectively. The duration of anesthesia was likewise longer
in the older age group (100.3 £ 50.2, 103.6 + 34.0, and
144.7 & 100.8 min, respectively). The authors reported that
there was strong evidence for lower remifentanil-infused
doses in the PTN and FTN groups than in the CUT group.
The difference increased progressively with time as the
dose requirements for remifentanil decreased during anes-
thesia in the PTN and FTN groups. In contrast, remifen-
tanil dose requirements slowly increased during anesthe-
sia in the CUT group. The longer duration surgery and
the higher infusion requirements resulted in significantly
higher total remifentanil requirements in the CUT group
compared to the other two groups (17.7 & 11.4, 19.7 £ 9.9,
and 40.8 = 37.7 ng/kg, respectively, p = 0.003). End-tidal
sevoflurane concentrations were also higher in the CUT
group than in the PTN and FTN groups.

When considering hemodynamic changes, there was no
difference in HR and mean arterial pressure between the
three groups. Episodes of hypotension occurred in 66.6 %
of patients in the PTN group, 58.3 % in the FTN group, and
75.0 % in the CUT group. Despite the high incidence of
hypotension, treatment was rarely required. Two neonates
in the PTN group required treatment, one requiring 10 mL/
kg of normal saline plus epinephrine (0.3 pg/kg/min) and
the other requiring a normal saline bolus plus dopamine
(15 pg/kg/min). In the FTN group, one neonate required
normal saline and dopamine (10 pg/kg/min). For these 3
neonates, the vasoactive agent was discontinued within
4 h of tracheal extubation. No patient in the CUT group
required treatment for hypotension. Bradycardia was noted
(HR 96 beats/min) in one child in the PTN group; however,
no therapy was required. The time from discontinuation of
the remifentanil infusion to tracheal extubation was avail-
able for 26 patients of the study cohort. There was no dif-
ference among the 3 groups with mean times of 12.4, 10.5,
and 10.0 min for the PTN, FTN and CUT groups, respec-
tively. The authors concluded that “when administered
along with sevoflurane, 0.25 pg/kg/min of remifentanil is
effective and well-tolerated in neonates”.

Wee et al. prospectively evaluated an intraoperative
anesthetic technique which involved the use of an intraop-
erative remifentanil infusion, isoflurane (0.5 %), and epi-
dural anesthesia for major intra-abdominal procedures in
20 neonates aged <3 months [17]. There were 5 neonates

aged <7 days (group A) and they were compared with 15
patients ranging in age from 7 days to 3 months (group
B). Anesthesia was induced with intravenous thiopentone
followed by endotracheal intubation facilitated by neu-
romuscular blockade using atracurium or vecuronium.
Although, the initial study protocol included remifentanil
(1 pg/kg bolus followed by an infusion rate of 1 pg/kg/
min), this was adjusted down to 0.25 pg/kg/min without
a bolus due to hypotension. The inspired concentration of
isoflurane and the epidural infusion of ropivacaine were
kept constant, while the remifentanil was titrated in the
range of 0.05-0.25 pg/kg/min according to hemodynamic
response. Isoflurane was discontinued at the beginning of
skin closure and the remifentanil infusion was discontin-
ued after the surgical dressing was applied. Despite a sim-
ilar anesthesia time between the groups (166 vs 210 min),
the time to eye opening (15 vs 4.2 min, p < 0.002) and
tracheal extubation (21.2 vs 4.9 min, p < 0.002) were sig-
nificantly longer in infants aged <7 days (group A) com-
pared to those who were aged 7 days to 3 months (group
B). Given the outcomes of previous studies showing rapid
awakening with remifentanil even in neonates, the authors
hypothesized that the longer recovery time was related to
the prolonged effects of isoflurane or thiopentone.

A subsequent study evaluated the efficacy of remifen-
tanil in providing analgesia during the tunneling phase
of ventriculoperitoneal (VP) shunt insertion in pediatric
patients including preterm neonates, term neonates, and
infants [18]. Sixty-two pediatric patients including 8 ex-
premature babies who were <60 weeks post-conceptual
age, 13 neonates, 24 infants, and 25 children aged >1 year
were anesthetized with 1 % isoflurane and nitrous oxide.
They were randomized to receive remifentanil (1 pg/kg)
(n = 33) or saline (n = 29) as a bolus over 1 min just prior
to tunneling the VP shunt. In all age groups, there was a
greater cardiovascular response and higher norepineph-
rine level in the saline group compared to the remifentanil
group. However, the hemodynamic responses were not con-
sidered to be clinically important. Time to tracheal extuba-
tion, transfer to the recovery room, and discharge to the
inpatient ward were similar between the remifentanil and
the saline groups. The authors concluded that “remifentanil
is safe and effective in this setting, in children of all ages”.

A final study regarding the intraoperative administra-
tion of remifentanil provides somewhat contradictory infor-
mation to previous data demonstrating a lack of effect of
remifentanil on postoperative respiratory function [19]. The
study was influenced by their definition of apnea as a respir-
atory pause of >6 s. Bradycardia was defined as a HR <100
beats/min. The study cohort included 150 infants <60 weeks
post-conceptual age (116 term and 34 preterm) undergo-
ing herniorrhaphy. Anesthesia was induced with 6-8 % of
sevoflurane and maintained with remifentanil infusion at
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0.5 pg/kg/min with 60 % nitrous oxide. Postoperative apnea
occurred in 31 infants (20.7 %), of whom 27 (18 %) had
apnea in the recovery room and 4 (2.6 %) had apnea on the
ward. In the 31 apneic patients, 5 (16.1 %) and 2 (6.4 %)
had bradycardia in the recovery room and in the inpa-
tient ward, respectively. Although the incidence of apnea
(20.7 %) was high, paralleling that of other studies using
volatile anesthetic agents, the authors’ definition of apnea
was different (6 vs 20 s). Furthermore, apnea with brady-
cardia was uncommon, occurring in 6.4 % of patients. The
authors recommended longer surveillance and monitoring in
the recovery room and the inpatient ward or an ICU setting
for infants at high risk of postoperative apnea.

Given its rapid metabolism, remifentanil’s major advan-
tage over other synthetic opioids (fentanyl, sufentanil) lies
in its ability to control the surgical stress response and pro-
vide intense analgesia during major surgical procedures
and yet allow for early tracheal extubation. Although used
most commonly during abdominal and thoracic proce-
dures, its intense analgesic effects have led to it being used
in combination with propofol as part of a total intrave-
nous anesthetic technique for upper airway surgery using
jet ventilation [20]. The caveat of such use is that given its
rapid metabolism, some other form of analgesia (opioids
or regional anesthesia) will be required during the immedi-
ate postoperative period. The studies to date reveal a lim-
ited risk of postoperative apnea or respiratory depression
while intraoperative bradycardia and hypotension have
been reported especially with higher doses and in preterm
infants. These generally respond to decreasing the infusion
rate or the administration of fluid. Given these effects, sev-
eral other authors have reported anecdotal experience with
the intraoperative administration of remifentanil in various
clinical scenarios (Table 1) [21-32].

Procedural sedation

Advancements and developments in neonatal medicine
have led to the survival of extremely premature infants,
resulting in an increased number of these patients requir-
ing invasive and non-invasive procedures. Although even
preterm neonates have been shown to experience pain and
react to painful stimuli therefore requiring analgesia for
invasive procedures, healthcare providers may be reluctant
to use opioids given their effects on respiratory function
and the potential for post-procedural apnea. Given its rapid
elimination, there may be a role for remifentanil in various
painful procedures in this population.

Laser surgery for retinopathy of prematurity

One of the more common procedures required in this pop-
ulation is laser therapy to treat retinopathy of prematurity
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(ROP). Although many of these procedures are performed
in the NICU to avoid transport-related risks such as hypo-
thermia and hemodynamic instability, in many cases,
endotracheal intubation and controlled ventilation are
provided to eliminate the risks of apnea and hypoxemia.
Sammartino et al. evaluated the efficacy of remifentanil
infusion for 6 premature infants undergoing laser therapy
in NICU for ROP [33]. The mean gestational age (GA)
was 25.9 weeks, the mean post-conceptional age was
34.5 weeks, the mean birth weight was 640 g, and the
mean weight at the time of surgery was 1,433 g. Prior to
the start of the procedure, the trachea of the infants was
intubated and ventilation provided using synchronized,
intermittent mandatory ventilation. One hour prior to
surgery, remifentanil infusion was initiated at 0.75-1 pg/
kg/min and a bolus dose of midazolam (0.2 mg/kg)
was administered. During the procedure, the infusion
rate of the remifentanil infusion was increased quickly
to 4 + 2.1 pg/kg/min and then to a maximum dose of
10.3 £ 8.7 yg/kg/min as needed. In one patient, the dose
was briefly (10 min) increased up to 20 pg/kg/min to con-
trol the hemodynamic response. The remifentanil infusion
was discontinued at the end of surgery. Despite such high
doses, the authors reported no adverse effect on hemo-
dynamic function or concerns of chest wall rigidity. The
minimum HR was 134.3 £ 3.4 beats/min with a minimum
systolic blood pressure (sBP) of 83.6 + 4.1 mmHg. There
was a rapid postoperative recovery and return to baseline
condition in all infants. The authors concluded that “a
continuous infusion of remifentanil is efficient, reliable,
and can be performed in the NICU, thus avoiding trans-
portation of the preterm infants and minimizing the risk of
hypothermia”.

A subsequent study revealed similar efficacy during laser
therapy in neonates with ROP albeit with a much lower
dose requirement [34]. The 64 neonates had a mean GA
of 27.3 weeks and a post-conceptional age of 37.1 weeks.
The mean body weight at birth and surgery were 965 and
1,913 g, respectively. After a bolus dose of midazolam
(0.1 mg/kg), the tracheas were intubated and mechanical
ventilation provided. During the procedure, remifentanil
infusion was administered starting at 0.2 pg/kg/min and
increased to 0.6 pg/kg/min to obtain to the desired level
of anesthesia. The mean remifentanil infusion rate was
0.4 £ 0.1 pg/kg/min (range 0.2-0.6 pg/kg/min). Bradycar-
dia and hypotension were noted in one patient each. Time
to tracheal extubation was slightly longer in patients with
a history of bronchopulmonary dysplasia (210 vs 151 min,
p = 0.048). Although the patients with bronchopulmonary
dysplasia had a longer time to tracheal extubation, there
were no cases of extubation failure due to apnea or respira-
tory insufficiency.
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Endotracheal intubation

Without effective analgesia, significant physiologic stress
may occur including alterations in cerebral blood flow
with the potential for intraventricular hemorrhage during
endotracheal intubation. Using appropriate analgesia and
sedation for endotracheal intubation can blunt not only
the stress response, but facilitate the procedure thereby
decreasing the time and difficulty of the procedure and
reducing the potential for airway injury [35-37]. Remifent-
anil has been evaluated as a premedication for endotracheal
intubation in both term and preterm neonates. These studies
have evaluated the conditions for endotracheal intubation,
the success rate, and the hemodynamic changes.

Badiee et al. prospectively evaluated the efficacy and
safety of remifentanil as a premedication for elective
endotracheal intubation in 40 preterm neonates with a GA
of 25-37 weeks, comparing remifentanil to saline placebo
[38]. Both groups received 10 pg/kg atropine followed
by either 2 mL of normal saline or remifentanil (2 pg/kg
over 2 min). Although they found that there was less pain
in neonates who received remifentanil, there were no sig-
nificant differences in the time for endotracheal intubation
(20.8 £ 6 vs 22. 8 = 7.3 s), the number of attempts for
successful intubation, and oxygen desaturation between
the two groups. They concluded that premedication with
remifentanil had good analgesic effects for endotracheal
intubation in premature infants with a stable hemodynamic
pattern. Sixteen infants who received remifentanil had
apnea for an average of 8.7 min and a maximum of 17 min.
Although it did not occur in their study, they cautioned
regarding the potential adverse effect of chest wall rigidity
with remifentanil [39].

Crawford et al. performed a two-stage study using
remifentanil for endotracheal intubation in neonates, com-
paring the dose—response in infants to children in a study
that included 32 healthy infants (aged 2—12 months) and
32 children [40]. After the administration of glycopyrrolate
(10 pg/kg) and propofol (4 mg), 1 of 4 doses of remifen-
tanil (1.25, 1.50, 1.75, or 2.00 pg/kg) was administered to
facilitate endotracheal intubation. Using logistic regres-
sion analysis, the EDs, and EDgyg for remifentanil were
1.70 £ 0.1 and 2.88 £ 0.5 pg/kg, respectively. No differ-
ence was noted between neonates and children. In the sec-
ond phase of their study, they noted no difference in the
duration of apnea, conditions for endotracheal intubation,
and hemodynamic changes when comparing propofol and
succinylcholine (2 mg/kg) to propofol and remifentanil
(3 ng/kg).

Other investigators have compared remifentanil with a
combination of morphine and midazolam for endotracheal
intubation [41]. The study population included 20 preterm
neonates (GA 28-34 weeks) who required endotracheal
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intubation to treat respiratory failure due to respiratory
distress syndrome (RDS). After preoxygenation with
100 % oxygen, midazolam (0.2 mg/kg) with either mor-
phine 150 pg/kg (n = 10) or remifentanil 1 pg/kg (n = 10)
was given over 1 min. Excellent conditions for endotra-
cheal intubation condition were found in 6 patients who
received remifentanil versus none in the morphine group
(p = 0.0034). In the morphine group, 4 neonates required
a second attempt at endotracheal intubation versus none
in the remifentanil group. There were no significant dif-
ferences between the groups regarding pain, stress levels
and hemodynamic variables relating to endotracheal intu-
bation. Avino et al. noted no significant differences when
evaluating conditions for endotracheal intubation, changes
of successful intubation on the first attempt, and time to
successful intubation at the first attempt when comparing
remifentanil (1 pg/kg) with a combination of morphine
(100 pg/kg) and midazolam (50 pg/kg) [42]. Various other
investigators have reported the use of remifentanil for
endotracheal intubation (Table 2) [43—46]. In the majority
of these studies, remifentanil was equivalent to or many
times better than the comparison group. There were no
adverse effects (hypotension or bradycardia) although atro-
pine was administered prior to endotracheal intubation.

Tracheal intubation is also used for application of sur-
factant in the NICU. INSURE (intubate—surfactant—rap-
idly—extubate) is a procedure which combines endotracheal
intubation for surfactant application followed by immedi-
ate or early extubation. For the procedure, optimal intubat-
ing conditions, adequate analgesia and sedation, mainte-
nance of stable hemodynamic status, and a brief period of
mechanical ventilation are essential. Welzing et al. evalu-
ated intubating conditions, tracheal extubation times, and
outcome in 21 preterm infants with moderate to severe
respiratory distress receiving remifentanil as an induc-
tion agent for the INSURE procedure [47]. Atropine was
followed by remifentanil (2 pg/kg) prior to endotracheal
intubation. The conditions for endotracheal intubation
were assessed as excellent or good in all cases. The aver-
age tracheal extubation time after surfactant administra-
tion was 16.9 min. The authors concluded “INSURE with
remifentanil was associated with good intubating condi-
tions and early extubation resulting in an excellent neonatal
outcome”.

Placement of percutaneous intravenous central catheter

The other painful procedure that is performed on a daily
basis in the NICU is percutaneous intravenous central
catheter (PICC) placement. In a prospective trial, 54 pre-
term infants were randomly assigned to receive a low-dose
remifentanil infusion (0.03 pg/kg/min) or placebo during
PICC placement in addition to 0.3 mL of 12 % sucrose per



455

J Anesth (2016) 30:449-460

weigoreydoousonod[e D77 ‘uoneqmul douanbas pider 7gy ‘0Fe [euoneIsasd yo

sainpadsoid
j10ys 1oj rewmndo aq jou Aew
surydiow yim uonesipawaid jey)
Papn[ouo0d s1oyine Ay, ‘soSueyo
amssaid poojq jo juapuadoput Y ¢
10y uorssardop gy pasuojoid

pey dnois surydrow oy ur syuaned

amssaid poojq pue
9JeI 1189Y UI 95BaI09p paguojoid
& JuIpn[our $)09Jjo drureuApouwray
jueoyrusts pey dnoi3 surydiow
9y [, "uonjeInp ampadoid 19110ys
puE suonIpuod uoneqiur Joradns
pey dnoi3 [ruejuajiuial papnjour
yorym dnoi3 1Sy a2y, "eurydiow
SNSIoA JuaFe Juryoo[q Jenosn
-o1nau e 3uisn [SY 2redwoo
0] sem Apm3s oy} Jo JuIuI 9YJ,
[TURIUQJTIIAI I PAIISTUTWIPE
uoym [ojodoid sns1oa wejozepru
aredwod 01 sem Apnjs ay) Jo Juul
9y, "sdnoi3 usamieq suonIpuod
o pue sydwope Jo roquinu Yy
SuIpIeSal1 SOOUIJJIP OU AIIM AU,
aurjoyo[Auroons pue [Auejudy
)M 19)9q SE PIjel dIoM SUONIPUOD
9L, "uoreqnIul [29YdBIOPUD [NJ
-$$900NS 0) AUIT) UT UAIIP ON

surydrow pue surdony

surydrow pue surdony

‘UTW | J9AO
3y/3r | [ruejudjTWIAI
pue 3y/3w g [ojodoig

3y/Sw g
aurjoyo[Auroons pue ‘3y/3r g
[Auejuoy ‘331 g surdony

[TuejuRjTwal pue ‘reruadory)
‘wnruoyowexns ‘9Je[ouIkdodL[n

[TUBJUQJTWII PUB ‘QUI[OYI[AULD
ons ‘Teyuadory ‘arejorrAdodA[D

uru |
19A0 3Y/3N | [TUBIURJTUIAT
pue 3y/31 Qg we[ozepin

uru | I9A0
3y/3r ¢ [ruejuoyIWAL
pue 3y/31 g surdony

S}I9m B¢—CC
JO VD )M $9IBUOdU W1

SYM 6C—CC
JO VD )IM $9JBUOdU W1

SYoM TE—0EJO VD
oSeI0AL M SIJBUOIU WIIJAI]

SYooM (0'0€E—ST VD
VD 1M SOJBUOIN

8¢

Pe

0T

0¢

[9t] "Te 10 ueuLION

[S¥] ‘Te 10 uewION

[#¥] T8 10 optuad

[¢¥] e 30 Suooy)

Arewrwung

dnoi3 [onuo)

dnoi3 [ruejuoyTIIoy

VD pue sa3y

sjuaned Jo ToqunN

Ioyny

uoneqMUI [BAYOLIIOPUD [BJEUOSU JOJ [TUBIUSFIIIAI SUISN SAPNIS Jo Arewrwing g d[qel,

pringer

a's



456

J Anesth (2016) 30:449-460

os for non-nutritive sucking [48]. Eighteen of the 54 pre-
term infants were mechanically ventilated while the others
were breathing spontaneously under nasal continuous posi-
tive airway pressure. Pain scores were lower in the remifen-
tanil group. Although there was no difference in time to
complete the procedure and the number of attempts, the
cardiovascular and respiratory responses as well as body
movements suggested improved analgesia with remifenta-
nil. The authors concluded that low-dose remifentanil has
a measurable analgesic effect in combination with non-
nutritive sucking, but that it did not make PICC placement
easier or quicker. A subsequent study in mechanically ven-
tilated preterm infants suggested that although there were
more respiratory events (apnea), a remifentanil infusion of
0.25 pg/kg/min was superior to 0.1 pg/kg/min for provid-
ing superior analgesia during PICC placement in preterm
infants as assessed using the Premature Infant Pain Profile
[49].

These preliminary trials demonstrate the potential use of
remifentanil for procedural sedation. In addition to provid-
ing intense analgesia, the major pharmacokinetic advan-
tage remains the short-half life and rapid recovery thereby
allowing its effects to dissipate, resulting in the rapid return
of spontaneous ventilation. Other anecdotal experience has
also suggested that remifentanil may be used for radio-
logic imaging when brief periods of apnea are required to
facilitate image acquisition and improve resolution such
as computed tomography imaging of the lungs or intratho-
racic vasculature [50]. For this scenario, ventilation can be
assisted via an endotracheal tube or laryngeal mask airway
as needed prior to and following image acquisition. With
its rapid metabolism, the period of apnea will be limited
thereby allowing the rapid return of spontaneous ventilation
when the procedure is completed. Anecdotal experience
also suggests its potential use as part of the sedation regi-
men during fiberoptic bronchoscopic examination of the
upper and lower airway given the ability of opioids, includ-
ing remifentanil, to blunt the cough reflex [51]. Regardless
of the clinical scenario, given the potent respiratory depres-
sant effects of all opioids especially in neonates, close
monitoring of respiratory function is required with the con-
sideration for control of ventilation in many scenarios.

Sedation during mechanical ventilation

Given its longer duration of action and the variation in its
pharmacokinetics especially in preterm neonates, mor-
phine may not be the ideal opioid for sedation of the pre-
term infant during mechanical ventilation [52, 53]. In a
prospective trial, 20 premature neonates (GA 28-34 weeks)
with RDS were randomized to receive either a continuous
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infusion of morphine or remifentanil during mechani-
cal ventilation [54]. After terminating the infusion, the
length of time until awakening and tracheal extubation was
18.9- and 12.1-fold longer in patients receiving morphine,
respectively.

Similar efficacy was demonstrated in a prospective
open-label trial using remifentanil infusion for 2-7 days
for sedation during mechanical ventilation of 18 neonates
with GA >32 weeks on mechanical ventilation [55]. The
patients received a continuous infusion at a mean dose of
0.15 pg/kg/min for an average of 67 h. When compared
with baseline, the HR decreased by approximately 20 %.
After the infusion was discontinued, the mean time until
tracheal extubation was 18 min. No adverse effects were
noted.

In an effort to determine the minimal effective dose of
remifentanil to provide sedation during mechanical ventila-
tion, 48 preterm infants (average GA 28.5 weeks) requiring
mechanical ventilation for respiratory failure were prospec-
tively enrolled to receive remifentanil [56]. The remifenta-
nil infusion was started at 0.075 ug/kg/min and increased
as needed without bolus dosing. At 12 h after starting the
remifentanil infusion, analgesia was adequate in 97 % of
the patients with a dose of 0.094 £ 0.03 pg/kg/min. The
time from discontinuation of remifentanil infusion to tra-
cheal extubation was 36 £ 12 min despite a duration of
5.9 + 5.7 days (range 1-20 days) of mechanical ventila-
tion. The authors noted a short time to tracheal extubation
after discontinuation of the remifentanil infusion despite an
average of 5.9 days of mechanical ventilation. They also
showed that the long-term infusion of remifentanil induces
tolerance with the need to escalate the dose during pro-
longed infusions.

In a prospective, randomized trial, Welzing et al. com-
pared remifentanil with fentanyl for sedation during
mechanical ventilation in 23 neonates, ranging in age from
1—8 days [57]. Sedation was initiated with midazolam
(50 pg/kg/h) and either remifentanil (9 pg/kg/h) or fenta-
nyl (3 pg/kg/h). The opioid infusion was adjusted by 3 pg/
kg/h of remifentanil or 1 pg/kg/h of fentanyl to achieve and
maintain an adequate sedation level. The median time to
tracheal extubation was significantly shorter in the remifen-
tanil group (80.0 min, interquartile range [IQR] 15.0-
165.0) compared to fentanyl (782.5 min, IQR 250.8-
1,875.0, p = 0.005). When taken together, these 3 studies
demonstrate not only the potential efficacy of remifentanil
in providing sedation during mechanical ventilation, but
also provide anecdotal proof of its primary advantage, i.e.,
rapid recovery with the potential for rapid tracheal extuba-
tion when the primary etiology of the respiratory failure
has resolved.
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Clinical concerns and adverse effects
Respiratory depression

As with any opioid, the primary concerns with the use of
remifentanil include the potential for respiratory depression
and hemodynamic effects. While not specifically demon-
strated with remifentanil, for various developmental and
physiologic reasons, neonates are more sensitive to the res-
piratory depressant effects of opioids [58, 59]. Remifenta-
nil is a potent respiratory depressant with equivalent effects
on respiratory function as other opioids when administered
in equipotent doses. Although there are limited data in the
neonatal population, the impact of remifentanil on respira-
tory function has been studied in the slightly older pediatric
population [60, 61]. In a cohort of 32 children, ranging in
age from 2—7 years, the apnea threshold was determined
by slowing escalating the infusion rate of remifentanil dur-
ing 1 % end-tidal sevoflurane in 60 % nitrous oxide [60].
The remifentanil infusion was started at 0.03 pg/kg/min
after endotracheal intubation and increased every 10 min
until the end-tidal CO, was >70 mmHg, the oxygen satura-
tion was <94 % with apnea of >5 s or the respiratory rate
was <10 breaths/min. The median maximum infusion rate
was 0.127 pg/kg/min (range 0.053-0.3 pg/kg/min) with
the most frequent reason for discontinuing the infusion
being apnea. In patients ranging in age from 6 months to
9 years, the respiratory depressant effects were less evident
in those aged <3 years when compared to older patients
[61]. The authors postulated that this was the result of a
larger volume of distribution. Although it is not likely of
clinical significance, the studies using remifentanil intraop-
eratively in neonates have demonstrated a slightly longer
time to tracheal extubation in patients with a lower GA or
the younger neonates [14—19]. Although remifentanil has a
short context-sensitive half-life with rapid elimination even
in neonates, especially premature neonates may still have a
risk of respiratory depression postoperatively thereby sug-
gesting that postoperative monitoring is necessary.

Hemodynamic effects

The hemodynamic responses to remifentanil (bradycar-
dia and hypotension) are similar to those seen with other p
opioids. Despite fairly extensive experience in the neonatal
population, there are limited concerns regarding signifi-
cant hemodynamic effects that require anything more than
decreasing the infusion rate or administering fluid. In one
report, even with a relatively large bolus dose of 5 pg/kg,
the decrease in HR and sBP averaged 9.0 beats/min and
12.1 % from baseline, respectively [12]. As the hemody-
namic response to remifentanil is dose-dependent, the use of
a large bolus dose or a high infusion rate should be avoided

in patients with intravascular volume depletion or those with
compromised myocardial function. Given its short context
sensitive half-life, it can be effectively used intraoperatively
by starting at a lower infusion rate and titrating up as needed
[17, 62].

Chest wall rigidity

One adverse effect that is unique to the synthetic opioids
when compared to other agents is chest wall/laryngeal
rigidity [63]. The rigidity may be mediated in part by the
modulation of gamma-aminobutyric acid pathways at the
spinal cord and basal ganglia levels via fentanyl binding to
i,- and k-opioid receptors [64]. Cerulospinal noradrener-
gic pathways have also been suggested to be involved [65].
Although chest wall rigidity occurs more commonly with
large doses and rapid administration, it may occur with
lower doses (0.5—-1 pg/kg) even with gradual administration
especially in neonates and infants [39]. Clinical manifesta-
tions may include coughing, hypoxemia with bradycardia,
and difficult bag-valve-mask ventilation. While the end
result is the same (inadequate ventilation with hypoxemia),
the site of involvement remains controversial with ongoing
debate as to whether this represents true chest wall/truncal
rigidity or laryngeal involvement with rigidity and laryn-
gospasm. In the studies reviewed using remifentanil as the
sole premedication for neonatal endotracheal intubation,
doses of 3, 2 and 1 ug/kg caused chest wall rigidity in 13 %
(2/15), 10 % (4/40), and 6 % (2/36) of the cohorts, respec-
tively [38, 42, 43]. However, other studies reported no such
problems. Although chest wall rigidity can be treated with
naloxone, should the inability to ventilation progress rap-
idly to hypoxemia, immediate airway management with
endotracheal intubation may be necessary. As such the
appropriate equipment and neuromuscular blocking agents
should also be immediately available.

Hyperalgesia and tolerance

As remifentanil binds avidly to the p-opioid receptor, clini-
cal and animal studies have demonstrated the rapid devel-
opment of tolerance with the need to increase the dose to
achieve the desired level of analgesia [66—69]. In adults,
the development of tolerance has been demonstrated after
even brief infusions of <60-90 min, resulting in greater
postoperative opioid requirements when remifentanil is
used intraoperatively and the need to escalate doses rap-
idly when remifentanil is used for ICU sedation [67, 68].
To date, the majority of information regarding this phe-
nomenon relates to patients outside of the neonatal period.
Welzing et al. noted that during the administration of
remifentanil infusion to 11 neonates for a median time of
71.7 h, the dose needed to be increased by 24 % to keep
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the infants adequately sedated during mechanical ventila-
tion [70]. Although one neonate required methadone for
withdrawal treatment, the authors concluded that remifen-
tanil does not seem to be associated with an increased risk
for withdrawal. However, the data remain sparse and more
information is needed regarding this problem in the neona-
tal population.

Cost

Remifentanil-based anesthesia has been reported to be
more expensive compared to other opioid-based anes-
thesia in the adult popuatlion [71, 72]. However, any cost
analysis would need to consider not only acquisition cost
of the medication, but also advantages regarding duration
of mechanical ventilation, hospital stay, etc. To date, no
such studies exist in the neonatal population. When simply
comparing medication acquisition costs for the smallest
available vials using data from August 2015 at our hospital
(Nationwide Children’s Hospital, Columbus, OH, USA),
remifentanil is the most expense with a cost of $45.52
for a 1,000 pg (1 mg). In comparison, morphine (2 mg)
costs $1.69, fentanyl (100 pg) costs $0.92 and sufentanil
(250 pg) costs $12.79.

Summary

Remifentanil has now been available for almost two dec-
ades in the United States as the newest of the synthetic
opioid class. Because of the unique pharmacokinetic and
pharmacodynamic profile including rapid onset, rapid
metabolism and non-functional metabolite, remifentanil
has found use in many clinical scenarios. Given its rapid
metabolism, the major advantage of remifentanil lies in
its ability to provide intense surgical anesthesia and con-
trol the stress response during major surgery, yet allow
for rapid recovery. The pharmacokinetic principles are the
same across all age ranges including neonates.

Although adverse hemodynamic effects are uncom-
mon, high infusion rates or large bolus dosing should be
avoided to prevent hemodynamic instability (bradycardia
and hypotension) especially in preterm neonates, in the set-
ting of intravascular volume depletion or in patients with
compromised myocardial function. Should adverse hemo-
dynamic effects occur, these are generally easily treated
by the administration of fluid or decreasing the infusion
rate. Following its introduction for intraoperative anesthe-
sia, remifentanil has also found use in other clinical sce-
narios including sedation during endotracheal intubation,
brief invasive procedures, or mechanical ventilation in the
NICU.
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