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General Anesthesia With Dexmedetomidine and
Remifentanil in a 3-Year-OIld Child: An Alternative Anesthetic
Regimen to Allay Parental Concerns of the Potential
Neurocognitive Effects of General Anesthesia

Hina Walia® 9, Emmett Whitaker® ®, Gregory Pearson®, Joseph D. Tobias?

Abstract

Recent attention has been focused on the potential neurocognitive ef-
fects of general anesthesia during infancy and early life. Although
the exact implications of this effect have yet to be proven, media at-
tention has been raised and parents may be aware of such problems,
thereby questioning the safety of general anesthesia. Although spinal
and regional anesthetic techniques have seen an increased use in an
attempt to eliminate the concerns of such problems, many surgical
procedures may not be amenable to regional anesthesia. We present
a 3-year-old boy who presented for excision of an enlarging cyst on
his left ear. During the preoperative visit with the surgeon, the pa-
tient’s mother voiced concerns regarding the potential neurocognitive
effects of general anesthesia. General anesthesia was provided using a
combination of dexmedetomidine and remifentanil. Previous reports
of the use of this unique combination of agents are reviewed and its
role in this scenario was discussed.
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Introduction

Recent attention has been focused on the potential deleterious
neurocognitive effects of general anesthesia during infancy
and early life [1-6]. Although the exact implications of this ef-
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fect have yet to be proven, media attention has been raised and
many parents are aware of the potential for such problems [7,
8]. The potential neurocognitive effects of various general an-
esthetic agents have been demonstrated in laboratory animals
and suggested from retrospective clinical trials [1-6]. The an-
esthetic agents identified as possible neurotoxins include either
y-amino-butyric-acid (GABA) agonists including the volatile
anesthetic agents, benzodiazepines, barbiturates and propofol
or N-methyl-D-aspartate (NMDA) antagonists such as nitrous
oxide or ketamine. Although spinal and regional anesthesia are
acceptable alternatives and have seen increased use in an at-
tempt to eliminate the concerns of such problems, many surgi-
cal procedures may not be amenable to regional anesthesia [9,
10].

We report a 3-year-old boy presenting for excision of an
enlarging left ear cyst. During the preoperative visit with the
surgeon, the patient’s mother expressed concerns regarding the
potential neurocognitive effects of general anesthesia. General
anesthesia was provided using a combination of dexmedeto-
midine and remifentanil. Previous reports of the use of this
unique combination of agents are reviewed and its potential
role in this scenario was discussed.

Case Report

Institutional Review Board approval is not required for presen-
tation of single case reports at Nationwide Children’s Hospital
(Columbus, OH). The patient was a 3-year-old, 14 kg boy who
presented for excision of a left ear cyst that had been enlarg-
ing over the past 11 months. His past medical history included
varicella, parainfluenza respiratory infection, hand-foot-mouth
disease, and a single episode of a febrile seizure at 17 months
of age. There was no past surgical history. The patient had
no ongoing co-morbid conditions and he was not taking any
regularly scheduled medications. Preoperative physical ex-
amination revealed a young child in no acute distress. Pre-
operative laboratory evaluation was normal. The patient was
admitted on the day of his surgery. During the preoperative
surgical visit, the mother had expressed concerns regarding the
potential neurocognitive effects of general anesthesia. These
concerns were based on information from various internet
sites and the media. Based on these concerns, it was decided
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to proceed with a general anesthesia using dexmedetomidine
and remifentanil. Two options were presented for obtaining
intravenous (IV) access including either a brief exposure to
sevoflurane and nitrous oxide or a topical anesthetic cream
with awake IV cannulation. The mother chose brief exposure
to sevoflurane; however, premedication with oral midazolam
was declined. The patient was held nil per os for solids for 6 h
and for clear liquids for 4 h prior to surgery. The patient was
transported to the operating room and routine American Soci-
ety of Anesthesiologists’ monitors were placed. Preoperative
hemodynamic data included blood pressure (BP) 90/58 mm
Hg and heart rate (HR) 97 beats/min. Seventy percent nitrous
oxide in oxygen was administered via face mask for 60 s fol-
lowed by the administration of 8% sevoflurane. Peripheral IV
cannulation was achieved within 2 min and the nitrous oxide
and sevoflurane were discontinued. Dexmedetomidine (1 pg/
kg) and fentanyl (1.5 pg/kg) were administered intravenously
over 1 - 2 min as a bolus dose and a laryngeal mask airway
(LMA) was placed. Dexmedetomidine and remifentanil in-
fusions were started at 1 pg/kg/h and 0.2 pg/kg/min, respec-
tively. To ensure an adequate depth of anesthesia, a bispectral
index (BIS) monitor was placed. Due to technical problems,
only intermittent readings were able to be obtained, ranging
from 40 to 60. Sensory nerve supply to the ear was blocked by
local subcutaneous infiltration with 0.25% bupivacaine with
epinephrine (1:200,000). Spontaneous ventilation was main-
tained throughout the case with an inspired oxygen concentra-
tion of 40-50%. Intraoperatively, the HR varied from 90 to 130
beats/min. The BP was well maintained during the intraopera-
tive course (BP: 70 - 100/40 - 50 mm Hg). No abrupt changes
in oxygen saturation or end-tidal carbon dioxide were noted.
The remainder of the intraoperative course was unremark-
able. The surgical procedure lasted approximately 70 min. At
the conclusion of the procedure, the dexmedetomidine and
remifentanil infusions were discontinued. The wake-up time
from the completion of the surgical procedure to removal of
the LMA was 1 - 2 min. The patient was transported to the
post-anesthesia care unit (PACU). The remainder of his post-
operative course was uncomplicated and he was discharged
home on the same day.

Discussion

Dexmedetomidine is an o,-adrenergic agonist which initially
received approval by the United States Food & Drug Admin-
istration (FDA) in 1999 for the sedation of adults during me-
chanical ventilation. In 2009, it subsequently received FDA
approval for monitored anesthesia care (MAC). Although only
FDA approved for use in adults, dexmedetomidine has been
shown to be efficacious in several different clinical scenarios
in infants and children including sedation during mechanical
ventilation, procedural sedation, supplementation of postop-
erative analgesia, prevention of emergence delirium, and treat-
ment of withdrawal [11]. However, to date, there are limited
reports of its use as the primary part of a general anesthetic
regimen [12-14].

Beneficial and protective effects on the central nervous
system during hypoxia or ischemia have been demonstrated
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with dexmedetomidine in animal studies [15-19]. Unlike
agents that act as GABA agonists or NMDA antagonists, ani-
mal data have demonstrated limited impact on apoptosis and
neurocognitive outcome [20, 21]. In addition to its lack of pro-
apoptotic effect, dexmedetomidine has been shown to decrease
the pro-apoptotic effect of the volatile anesthetic agent, isoflu-
rane, in laboratory animals [20, 21].

Remifentanil is a synthetic opioid derivative that was
introduced into clinical practice in the United States in 1996
[22]. It has a strong affinity for p opioid receptors with less af-
finity for other opioid receptors (k and o). Its potency and res-
piratory depressant effect is generally considered to be twice
that of fentanyl. However, its half-life is significantly shorter
due to modification of its chemical structure with the incorpo-
ration of a methyl-ester ring into the molecule thereby allow-
ing its hydrolysis by non-specific plasma and tissue esterases.
These characteristics result in a unique pharmacokinetic pro-
file with a rapid onset, easy titration by continuous infusion,
and a short context-sensitive half-life with rapid elimination
across all age ranges, including neonates. These characteristics
make it a valuable agent for the provision of intense intraop-
erative analgesia with a rapid recovery regardless of the dose
or duration of the infusion. Furthermore, the opioids have been
shown in laboratory animals to have limited pro-apoptotic ef-
fects [2-5]. In particular, remifentanil has been shown to have
neuroprotective effects during ischemia in laboratory animals
and potentially the ability to blunt the pro-apoptotic effects of
other agents [23-25].

In our patient, the mother had requested the use of “neu-
ro-safe” medications given her concerns following her read-
ing of articles from the internet and publications from the lay
press. As such, we chose a combination of dexmedetomidine
and remifentanil, two medications which have been shown in
laboratory animals to be free of pro-apoptotic effects. When
choosing this anesthetic, several concerns were encountered
including whether premedication with midazolam should
be used given concerns regarding benzodiazepines and their
agonism at GABA receptors. Although our common practice
includes the use of oral midazolam for anxiolysis to prevent
separation anxiety, alternatives include parental presence or
the use of other distraction techniques to avoid the need for
such medications [24, 26]. Alternatively, although onset times
may be longer than oral midazolam, both oral and intranasal
dexmedetomidine have been used for premedication prior to
anesthetic induction.

Another aspect of concern was the technique for IV can-
nulation as this is usually performed following the induction of
general anesthesia with sevoflurane in pediatric patients. After
discussion with the mother, it was decided to proceed with-
out premedication, but to briefly administer nitrous oxide with
sevoflurane to allow for placement of an intravenous cannula.
Alternatively, use of a topical anesthetic cream may provide
an alternative for awake venous cannulation without the need
for sevoflurane or nitrous oxide. The presence of an IV cannula
would also allow the preoperative administration of IV dexme-
detomidine which may be used to facilitate parental separation
and transport to the operating room.

Following placement of the IV cannula, the sevoflurane
was discontinued and a bolus dose of fentanyl and dexmedeto-
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Table 1. Previous Reports of Dexmedetomidine-Remifentanil for General Anesthesia

Authors and reference number Patient demographics

Intraoperative care

Moharir and Tobias [14] An 11-year-old patient
with Duchenne muscular
dystrophy for cardiac

catheterization

Burnett and Schwartz [13] A 10-year-old girl
with mitochondrial
myopathy and
dystonia, who required
anesthetic care during

a urological procedure

Suleman et al [27] A 19-year-old male
with Leigh’s syndrome
scheduled for dental

rehabilitation

Dexmedetomidine and remifentanil were started at 0.7 pg/kg/h and 0.1 pg/kg/
min, respectively without bolus dosing. After ensuring an adequate depth of
sedation (approximately 10 min), the groin was infiltrated with 1% lidocaine
prior to cannula placement. The procedure was completed in 45 min. The
dexmedetomidine and remifentanil infusions were discontinued. The patient
was awake and conversing within 5 min. The post-procedure course was
unremarkable.

Anesthesia was induced with intravenous dexmedetomidine (1 pg/kg),
midazolam (0.05 mg/kg), and ketamine (1.2 mg/kg). Rocuronium (0.5 mg/kg)
was administered to facilitate endotracheal intubation. Maintenance anesthesia
consisted of a dexmedetomidine infusion (0.5 - 1.0 pg/kg/h) and a remifentanil
infusion (0.2 - 0.4 pg/kg/min). The surgical duration was 4 h. The
post-procedure course was unremarkable.

Following 70% N,0/0,, dexmedetomidine (1 pg/kg) and fentanyl were
administered followed by endotracheal intubation. Anesthesia was maintained
with N,O, dexmedetomidine (0.4 - 1.4 pg/kg/h) and remifentanil (0.8 - 1.2 pg/
kg/min). The procedure was approximately 1 h. The post-procedure course was
unremarkable.

midine was administered followed by placement of an LMA.
Maintenance anesthesia was provided by continuous infusions
of dexmedetomidine and remifentanil, which were started at
1.0 pg/kg/h and 0.2 pg/kg/min, respectively and titrated ac-
cording to clinical need. Given its intense analgesic effects, the
remifentanil infusion was titrated to control the hemodynamic
response to surgical stimulation and allow for spontaneous
ventilation, while the dexmedetomidine infusion was used to
provide amnesia and adjusted according to the BIS. Previous
reports regarding the use of a combination of dexmedetomi-
dine and remifentanil for general anesthesia are summarized in
Table 1 [13, 14, 27].

While anecdotal experience suggests efficacy of a combi-
nation of dexmedetomidine and remifentanil for intraoperative
anesthetic care, potential concerns include lack of significant
data demonstrating the amnestic effects of dexmedetomidine,
adverse hemodynamic effects, and the potential for prolonged
awakening given the longer duration of action of dexmedeto-
midine compared to other agents. Ensuring adequate amnesia
is one of the goals of intraoperative anesthetic care. Although
it is accepted as an effective agent for providing sedation
and anxiolysis, there are limited data to clearly demonstrate
the amnestic effects of dexmedetomidine. In a randomized,
cross-over trial, nine adults received either propofol or dex-
medetomidine using computer-controlled infusions targeting
an effect-site concentration of 1, 2, and 4 pg/mL for propofol
or a plasma concentration of 0.6, 1.2, and 2.4 ng/mL for dex-
medetomidine [28]. Using these graded infusions, the authors
then compared the BIS number with the depth of sedation as
assessed using the observer’s assessment of alertness and se-
dation (OAA/S) score. The cutoff values of BIS for an OAA/S
score < 2 (a depth of sedation that would ensure amnesia and
prevent recall) were obtained by analysis of receiver operat-
ing characteristic curves. The median BIS values at OAA/S
scores of 1, 2, 3, 4, and 5 during propofol sedation were 95.5,
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78, 67, 57, and 34, respectively. Median BIS values at OAA/S
scores of 1, 2, 3, 4, and 5 during dexmedetomidine sedation
were 95, 62, 45.5, 39.5, and 24.5, respectively. BIS values
were significantly less with dexmedetomidine than propofol
at OAA/S responsiveness scores of 2, 3, and 4. With propofol,
the calculated cutoff BIS values for an OAA/S score < 2 were
67 (sensitivity of 86%, specificity of 97%, and area under the
curve of 0.98). With dexmedetomidine, the values were lower:
46 (sensitivity of 84%, specificity of 91%, and area under the
curve of 0.96). Other studies have demonstrated effective am-
nesia as evidenced by impaired long-term picture recall with
dexmedetomidine [29, 30].

Regardless of the anesthetic agents used, adverse effects
on respiratory and hemodynamic function may occur. Like
all opioids, remifentanil will depress respiratory function in
a dose-related manner resulting in respiratory depression and
eventually apnea. Higher dosing regimens may require assist-
ed or controlled ventilation. However, when compared to other
anesthetic agents such as propofol, there is less impairment of
respiratory function with dexmedetomidine [28, 31]. Adverse
hemodynamic effects, albeit rare in the pediatric-aged patient,
include bradycardia and hypotension. Hemodynamic effects
are more common following bolus dosing, in patients with co-
morbid cardiac disease, and generally resolve with a decrease
of the infusion rate [11].

In summary, we present the use of a combination of dex-
medetomidine and remifentanil to provide anesthesia during
a minor surgical procedure requiring general anesthesia. The
impetus behind such care was prompted by maternal concerns
over the potential long-term deleterious effects of general an-
esthesia on neurocognitive outcomes. Although there remains
limited anecdotal experience with such a combination, given
the animal data demonstrating a lack of a pro-apoptotic effect,
this potentially “neurocognitive safe” anesthetic may warrant
further investigation.
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