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OBJECTIVE This study seeks to evaluate the efficacy and safety of intranasal (IN) dexmedetomidine as a
sedative medication for non-invasive procedural sedation.

METHODS Subjects 6 months to 18 years of age undergoing non-invasive elective procedures were
included. Dexmedetomidine (3 mcg/kg) was administered IN 40 minutes before the scheduled procedure
time. The IN dexmedetomidine cohort was matched and compared to a cohort of 690 subjects who
underwent sedation for similar procedures without the use of dexmedetomidine to evaluate for observed

events/interventions and procedural times.

RESULTS One hundred (92%) of the 109 included subjects were successfully sedated with IN
dexmedetomidine. There were no significant differences in the rate of observed events/interventions in
comparison to the non-dexmedetomidine cohort. However, the IN dexmedetomidine group had a longer
postprocedure sleep time when compared to the non-dexmedetomidine cohort (p < 0.001), which had a
significant effect on recovery time (p = 0.024). Also, the dexmedetomidine cohort had longer procedure
time and total admit time (p < 0.001 and p = 0.037, respectively).

CONCLUSIONS IN dexmedetomidine may be used for non-invasive pediatric procedural sedation. Subjects
receiving IN dexmedetomidine had a similar rate of observed events/interventions as the subjects receiving
non-dexmedetomidine sedation, with the exception of sleeping time. Also, patients sedated with IN
dexmedetomidine had longer time to discharge, procedure time, and total admit time in comparison to

other forms of sedation.
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Introduction

The importance of procedural sedation and analgesia
(PSA) for children undergoing procedures and imaging
studies has led to an increase in demand for sedation
outside of the operating room. Due to this demand, the
role of pediatric critical care providers, hospitalists, and
emergency physicians has also expanded to include
PSA! For sedation providers outside of the operating
room, dexmedetomidine (DEX) offers a safety profile
similar to traditional sedatives (i.e., ketamine and mid-
azolam) and has been reported to be efficacious when
administered intranasally (IN).2”

DEX is a highly selective and potent agonist at the
o,-adrenoreceptor, with sedative, anxiolytic, and an-
algesic effects.® The sedative properties of DEX are
largely due to effects on the locus ceruleus, produc-
ing a level of consciousness mimicking natural sleep.®
DEX administered intravenously for sedation in the
intensive care unit and non-invasive procedures is well

established*"™ IN administration of DEX is advanta-
geous, as it is less invasive and anxiety provoking for
the pediatric population. Additional data suggest that
when compared to intravenously administrated DEX,
IN DEX has a significantly lower risk of respiratory
depression and hemodynamic changes. Moreover,
IN DEX has the same success rate when compared to
IN midazolam and ketamine.*

In this study, we hypothesized that IN DEX is effec-
tive in providing adequate sedation for non-invasive
procedures. Our primary objective was to evaluate
the efficacy of IN DEX as a sedative medication. Our
secondary objective was to evaluate the safety profile
of IN DEX compared to well-established intravenous
sedative medications (i.e., midazolam, propofol, pen-
tobarbital, and ketamine).

Methods

This was a prospective observational study, per-
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Table 1. University of Michigan Sedation Scale

0 Awake and alert

_

A W N

Unarousable

Minimally sedated: tired/sleepy, appropriate response to verbal conversation and/or sound
Moderately sedated: somnolent/sleeping, easily aroused with light tactile stimulation or a simple verbal command

Deeply sedated: deep sleep, arousable with only significant physical stimulation

formed in our procedural suite, located at a tertiary
medical center. Two pediatric critical care physicians
who are experienced in providing PSA outside of the
operating room provided all PSA. Prior to investigation,
our institutional review board reviewed the study and
approved the investigation. Consent for entry into the
study was not required as no patient identifiers were
collected and we did not experiment with new thera-
peutic methods outside of our regular practice. All sub-
jects were informed about the database and were given
the opportunity to opt-out from being included before
PSA initiation. If a subject opted-out, the encounter
information was not documented by the study nurses.
Subjects were contacted the night before the pro-
cedure and were given relevant instructions regarding
when and where to arrive and fasting time. On the day
of the non-invasive procedure, the physician providing
the sedation evaluated each subject. The plan of care
was then formulated and discussed with the family.
We created a database capturing all the relevant
demographics and events for children undergoing se-
dation for elective, non-invasive outpatient procedures.
The database was not limited to subjects undergoing
IN DEX sedation, but rather included all planned PSA
in our procedural suite. Sedation nurses collected the
data immediately before discharging the patient and
documented the following: the procedure type, age,
sex, fasting time, weight, arrival time procedure start/
end time, and discharge time. Sedation nurses also
documented sedative medications used for the proce-
dure, level of sedation (Table 1), and observed events.
The level of sedation and vital signs were documented
every 3 to 5 minutes. A successful sedation with IN
DEX was determined by completion of the non-invasive
study without any additional sedative medications
required to maintain subject’s sedation. This database
was intended to track and study the observed events of
sedative medications (Table 2) and our current practice.
IN DEX at a dose of 3 mcg/kg, with a maximum dose
of 200 mcg, was divided into 2 equal doses, and admin-
ister using an IN mucosal atomization device (LMA MAD
Nasal, Teleflex, NC) 40 minutes before the scheduled
procedure time. Subjects were included if they were
6 months to 18 years of age, undergoing non-invasive
procedures (i.e., radiologic imaging, echocardiogra-
phy, electroencephalography, and auditory brainstem
response) with an American Society of Anesthesiolo-
gists physical status score (ASA score) of | and Il. We
excluded subjects who were younger than 6 months of

age, had a history of cardiac disease, had an ASA score
oflll to IV, and subjects who had to undergo procedures
that would be invasive or painful.

A cohort of subjects undergoing non-invasive proce-
dural sedation without DEX were compared to those
subjects successfully sedated with IN DEX using a x?
analysis run with IBM SPSS 22.0 (IBM, Armonk, NY) and
had a 2-sided significance level of 0.05. Both cohorts
were obtained from the same database, using the same
recruitment process and similar inclusion criteria. Unless
otherwise noted, data are presented as mean + SDs.

Results

One hundred nine subjects underwent non-invasive
procedural sedation with IN DEX, which satisfied an
80% power calculation requirement of 107 subjects

Table 2. Observed Events/Interventions*

Airway events/interventions

Oxygen desaturation to less than 90% lasting for more
than 10 sec

Oxygen desaturation that required airway repositioning,
suctioning, and/or supplemental oxygen

Apnea for more than 20 sec
Apnea that required bag mask ventilation
Cardiovascular events/interventions
Arrhythmia different than baseline
Bradycardia of less than 2 SDs for age
Hypotension for age
IV fluids
Gastrointestinal events
Reported nausea
Emesis
Patient intolerance

Prolonged crying for more than 20 min after the end of
the procedure

Increased sleeping time (defined as sleeping for more
than 1 hr after the end of the procedure).

IV, intravenous; SD, standard deviation

*Observed events/interventions recorded by sedation nurses during
sedation with IN DEX. For airway events, supplemental oxygen may
have been supplied by mask or nasal cannula. Also, bag mask ventila-
tion was used during periods of apnea. For cardiovascular events, the
use of IV fluids was employed for episodes of hypotension
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Table 3. Demographics of Patients Undergoing

Non-Invasive Procedural Sedation With IN DEX and
Without

IN DEX No DEX P Value
(n =109) (n =690)
Age (yr) 25+24 3.6+33 0.002
Weight (kg) 15.4+104 174+1.8 0.082
Sex, male 74 (67.9%) 422 (61.2%) 0178
Sedation <0.001
Deep sedation 78 (71.6%) 613 (88.8%)
Moderate sedation  31(28.4%) 77 (11.2%)

DEX, dexmedetomidine; IN, intranasal

(74 males and 35 females). The mean age and weight
were 2.5 years old and 15.4 kg, respectively. The level
of sedation was noted as either moderate or deep in
31 and 78 patients, respectively. The total number of
subjects undergoing sedation without DEX for similar
procedures was 690 (422 males and 268 females). The
mean age and weight of the non-DEX cohort was 3.6
years and 17.4 kg, respectively. There was no difference
in sex or weight between the IN DEX and non-DEX
cohorts. The non-DEX cohort had more subjects in the
deep sedation cohort, 607 subjects (84.3%), which was
significantly different from the DEX cohort (Table 3).

One hundred subjects (92%) were successfully se-
dated using IN DEX. Thirty-five of these subjects (39%)
also received IN midazolam, which is standard practice
at our institution for subjects requiring sedation longer
than 45 minutes. A subgroup analysis of procedure
times found no statistical difference in subjects who had
received additional IN midazolam compared to those
given IN DEX alone; however, the sample size lacked
adequate power. Nine subjects (8%) failed sedation with
IN DEX and were given additional intravenous sedative
medications. The failed IN DEX cohort was omitted from
the %2 analysis comparing observed events/interven-
tions to the non-DEX cohort.

The group that received IN DEX had an increase
duration of sleep time, defined as more than 1 hour
after the end of the procedure (p < 0.001). There were
no other statistical differences between the 2 cohorts
when comparing observed events/interventions (Table
4). When comparing procedure times, IN DEX was as-
sociated with all of the following: longer duration of
procedure, recovery time, and total admit time. How-
ever, the non-DEX cohort had a longer preprocedure
time (Table 5).

Discussion

There are an increasing number of published reports
describing the use of DEX; however, there is little

Table 4. Observed Events/Interventions of Subjects Undergoing Non-Invasive Procedural Sedation With IN

DEX and Without

Cardiovascular events/interventions
Hypotension
Need for IV fluids
Arrhythmia

Pulmonary events/interventions
Oxygen desaturation
Positioning
Secretion suctioning
Oxygen by mask
Oxygen by nasal cannula
Bag mask ventilation
Apnea

Gastric events
Nausea
Emesis

Postprocedure events
Crying

Increase sleeping time

IN DEX No DEX P Value
(n =100) (n = 720)
0 4 1.000
1 3 0.419
0 4 1.000
3 18 07/
1 1 1.000
2 13 1.000
3 0186
0 4 1.000
0 1 1.000
0 1 1.000
1 5 0.557
1 10 1.000
0 6 1.000
23 60 <0.001

DEX, dexmedetomidine; IN, intranasal; IV, intravenous
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Table 5. Procedure Times of Patients Undergoing Non-Invasive Procedural Sedation With IN DEX and With

(Minutes)
IN DEX
(n =100)
Preprocedure time 72.8+325
Procedure time 8491434
Recovery time 93.4 £ 479
Total admit time 250.2+73

No DEX P Value
(n =690)
91.5 + 411 <0.001
611+ 38.8 <0.001
831+ 41.86 0.024
2357 +63.3 0.037

DEX, dexmedetomidine; IN, intranasal

agreement regarding the dose and route of administra-
tion. Reported effective doses of IN DEX have ranged
from 1to 4 mcg/kg and doses have ranged from 81%
to 87.5%.3% Our study demonstrates that IN DEX at 3
mcg/kg, as either a sole agent or in combination with
IN midazolam, had a success rate of 92%.

IN DEX solves the problem of obtaining intravenous
access for pediatric patients undergoing various diag-
nostic studies. This practice is gaining more popularity
amongst sedation providers outside of the operating
room due to a decrease in emotional stress in children
that is related to the IN administration route.

Several studies note that DEX may cause bradycardia
and hypotension, and may decrease cardiac output
due to effects on the a,-adrenoreceptor, similar to
clonidine.®” However, when comparing those effects
to traditional agents used for pediatric sedation (i.e.,
midazolam and propofol) there has been no significant
clinical difference.?®’ Similarly, our study compared
IN DEX to non-DEX sedation cohort, which included
midazolam, propofol, pentobarbital, and ketamine, and
found no statistical difference in terms of cardiovascular,
pulmonary, or gastric events. We did not compare side
effects between the IN DEX cohort and each of the
sedation medications individually due to inadequate
sample size, but we believe that this should be ad-
dressed in future studies.

To our knowledge, sleep time and the use of DEX
in any formulation has not been previously observed.
When comparing the IN DEX cohort to the non-DEX
cohort, we noted that the use of IN DEX was associ-
ated with increase rate of postprocedure sleep time,
increase in duration of the procedure, recovery, and to-
tal admit time. This can present a problem for very busy
sedation services that require rapid patient turnover
time. The non-DEX cohort had a longer preprocedure
time, which may have been due to variations related
to the of preprocedure protocols.

Limitations of this study include: 1) This is a single
institution study and the medication was used by 2 of 4
pediatric critical care physicians who routinely provided
sedation for outpatient procedures. 2) This is a prospec-
tive observational trial and not a randomized controlled
trial. 3) Subjects in the successful IN DEX cohort also
received IN midazolam. An inadequate sample size did

not allow assessment of additional IN midazolam in the
35 patients. 4) Although IN DEX was used in a variety
of different procedures, a small sample size precluded
assessment of the effect of procedure type on outcome.
Further research using IN DEX would benefit from a
large multicenter, which could include investigation of
the effect of procedure type on success.

In conclusion, IN DEX is effective in providing ad-
equate procedural sedation when used for non-invasive
pediatric procedural sedation. Except for a longer sleep
time, IN DEX was not associated with a higher incidence
of adverse events when compared to a cohort that did
not receive DEX sedation. It is important to emphasize
that this approach should be adopted only in a setting
in which the child is monitored and medications admin-
istered by a trained skilled provider.
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