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Non-Intravenous Sedatives and Analgesics for Procedural Sedation
for Imaging Procedures in Pediatric Patients
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OBJECTIVES: The purpose of this study was to describe the method of delivery, dosage regimens, and out-
comes of sedatives administered by extravascular route forimaging procedures in children.

METHODS: Medline, Embase, International Pharmaceutical Abstracts, and Cochrane Database of System-
atic Reviews were searched using keywords “child’, “midazolam’, “ketamine”, dexmedetomidine”, “fentanyl’,
“nitrous oxide’, and “imaging.” Articles evaluating the use of extravascular sedation in children for imaging
procedures published in English between 1946 and March 2015 were included. Two authors independently
screened each article for inclusion. Reports were excluded if they did not contain sufficient details on dos-

age regimens and outcomes.

RESULTS: Twenty reports representing 1,412 patients ranging in age from 0.33 to 19 years of age were included
for analysis. Due to discrepancies in doses and types of analyses, statistical analyses were not performed.
Oral midazolam was the most common agent evaluated; other agents included intranasal (IN) ketamine,
IN midazolam, IN fentanyl, IN and transmucosal dexmedetomidine, and N,O. Most agents were considered

efficacious compared with placebo.

CONCLUSIONS: Most agents showed efficacy for sedation during imaging when delivered through an extra-
vascular route. Selection of agents should be based on onset time, duration, patient acceptability, recovery
time, and adverse events. More robust studies are necessary to determine the optimal agent and route to
utilize for imaging procedures when sedation is needed.

INDEX TERMS: child, dexmetomidine, fentanyl, ketamine, midazolam, nitrous oxide
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INTRODUCTION

Sedation is required for pediatric imaging
studies that an adult could tolerate with mini-
mal or no sedation. The American Academy
of Pediatrics has published guidelines on the
management and monitoring of pediatric pa-
tients undergoing sedation for diagnostic and
therapeutic procedures.! These guidelines men-
tion that the goals of sedation during procedures
should be to maximize patient safety, minimize
discomfort and pain, control anxiety, control be-
havior/movement so that the procedure can be
completed, and ensure the patient is safe enough
to be discharged. It should be noted that most
imaging studies are not painful, but it is impera-
tive that the patient remains still throughout the
procedure. The inability of the child to remain

still is multifactorial: developmental immatu-
rity, age-appropriate fearfulness, and limited
cognitive ability to perceive these procedures as
beneficial. However, several anatomic differences
make children prone to respiratory depression
and hypoxemia when undergoing sedation: an
airway more susceptible to occlusion, higher
metabolic activity, and incompletely developed
lungs.?

Intravenous (IV) propofol and dexmedetomi-
dine have been shown to be effective in providing
sedation, but the placement of an IV line may
be more noxious than the procedure. Hence,
there is a great need for medications that can be
delivered through the oral (PO), intranasal (IN),
or transmucosal (TM) route. The agent of choice
would be determined by the depth of sedation
required and duration of the procedure. This
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review analyzed the current body of published
reports that describe the method of delivery,
onset time, effective dose, and recovery time
needed for medications administered through an
extravascular route, to provide sedation during
a non-painful imaging procedure in pediatric
patients.

METHODS

Review

Relevant articles were identified using MED-
LINE (1946 to January 2015), EMBASE (1980 to
January 2015), and the Cochrane Database of
Systematic Reviews (2005 to January 2015), us-
ing the individual sedative agents (midazolam,
ketamine, dexmedetomidine, fentanyl, nitrous
oxide), imaging (computed tomography [CT],
voiding cystourethrogram [VCUG], magnetic
resonance imaging [MRI], echocardiography, and
endoscopy) and child as key words. Results were
limited to human studies published in English.

A two-step selection process was used for study
inclusion. The initial reports were first screened
by 2 authors (AT, JLM). The final selection process
was determined by input from all authors. To be
included for analysis, the published report had
to include children 19 years of age and younger
receiving extravascular sedation for an imaging
study. Reports were excluded if they did not
contain sufficient details regarding the dosage
regimen, outcomes, and adverse events. Statis-
tical analysis was not used, given the expected
discrepancies in dosing and types of analyses
(retrospective versus prospective design).

RESULTS

Twenty papers representing 1,412 patients
ranging in age from 0.33 to 19 years old were
included in the analysis. Characteristics of these
20 reports are reported in Tables 1 to 3.2% Most
studies evaluated sedatives for VCUG. The
most common agent evaluated was PO mid-
azolam.*1202 Table 4 provides a summary of
dosing information and adverse events reported
in the included studies.

Computed Tomography Imaging

CT imaging requires the patient to be immo-
bile to achieve a quality scan. The efficacy of a
single agent or combination sedation regimen

was evaluated in 4 studies of children undergo-
ing a CT procedure (Table 1).** Louon and col-
leagues® were the only investigators to evaluate
combination IN midazolam, 0.56 mg/kg and
ketamine 5 mg/kg. Only 13.3% of patients were
agitated during instillation. Adequate sedation
was achieved in 83.3% of patients, with a mean
onset time of 10.6 minutes; the remaining 16.7%
of children received a rescue IV ketamine dose.
Bradycardia occurred in 66.7% of the patients,
but this was not considered clinically significant.

Two studies evaluated the use of IN midazolam
as monotherapy for CT imaging (2-3). Fallah
and colleagues* compared IN midazolam, 0.2
mg/kg, to PO chloral hydrate. The investigators
targeted a Ramsay Sedation Scale (RSS) score of
4 (i.e., response to light glabellar tap). Adequate
sedation was achieved in 40% of patients in
the IN midazolam group compared to 93.3%
in the chloral hydrate group (p<0.001). Lack of
treatment success was attributed to a low IN
midazolam dose. Overall, IN midazolam was
well tolerated, and no serious adverse effects
were reported. Mekitarian-Filho and colleagues®
evaluated IN midazolam, 0.4 mg/kg, admin-
istered using a nasal mucosal atomizer device
(MAD). A minimum RSS score of 3 (i.e., awake
and responsive to commands) was considered
adequate for sedation. Adequate sedation was
achieved in 75% of the patients; with 93.3% of
the CT images considered good quality. Adverse
events were minor, including paradoxical reac-
tions in 3 patients (5%) and vomiting in 1 patient
(1.7%). The authors noted that 28.3% of patients
cried during IN midazolam administration, but
the cause of crying was not elucidated further.

Overall, IN midazolam monotherapy or com-
bination therapy with IN ketamine appears to be
effective for CT imaging. Louon and colleagues®
noted a higher percentage of patients success-
fully completed the CT scan with combination
therapy, but there were no direct comparisons of
combination versus monotherapy. IN midazolam
doses ranged from 0.2 to 0.56 mg/kg.>* Based on
the results of these studies, higher IN midazolam
doses of 0.4 to 0.5 mg/kg would be appropriate
for monotherapy.

Lami and colleagues® evaluated TM dexme-
detomidine in 20 children scheduled for CT
imaging. The 100 mcg/mLIV dexmedetomidine
formulation was administered buccally at a dose
of 2 to 3 mcg/kg in order to achieve an RSS score
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of 4. Sixty percent of patients achieved adequate
sedation with a single dose. Additional sedatives
and anesthetics were required for 7 patients,
but these measures were not further defined.
Seventeen children (85%) developed a 20% to
40% reduction in heart rate from baseline, but
no pharmacologic treatment was administered.
Arecommendation for the use of TM dexmedeto-
midine cannot be made due to the small sample
size of this study.

Magnetic Resonance Imaging

Sedation is essential for MRI in children be-
cause of the time and immobility needed to com-
plete the scan. Only 1 study was identified that
used a sedative through an extravascular route
for MRI. Cengiz and colleagues’ compared PO
midazolam, 0.5 mg/kg, to a combination of PO
midazolam, 0.5 mg/kg, and diphenhydramine,
1.25 mg/kg. Midazolam monotherapy failed to
achieve adequate sedation in significantly more
patients than in the group receiving combination
therapy (41% vs. 18%, respectively, p=0.01). It is
important to note there were no significant dif-
ferences in duration of MRI between the group
that received combination therapy and the
monotherapy group (31 + 9 minutes vs. 29 + 7
minutes, respectively, p=0.17). The authors noted
that sedation failure was greater in older children
(5 = 1 years of age). In addition, use of combina-
tion therapy significantly shortened the time to
procedure readiness (20 + 6 vs. 24 + 5 minutes,
respectively, p=0.01), but this difference was not
clinically significant. There were no statistical
differences in the time to recovery between the
groups (28 = 8 vs. 26 = 9 minutes, respectively,
p=0.42). Combination therapy resulted in a
greater reduction in respiratory rate and oxygen
saturation than the midazolam group, but no
patient required intervention.

Oral midazolam appears to be an option for
MRI sedation, although it was associated with
a high failure rate. The addition of diphenhydr-
amine was found to increase the rate of MRI
completion, although sedation was more likely
to fail in children >5 years of age.” It is not clear
why older children had less response. The study
evaluated only children 1 to 7 years old, so this
finding could be a result of a small sample size.
Combination therapy shortened time to proce-
dure readiness by 5 minutes, but this benefit came
with an increase in adverse events.

Voiding Cystourethrogram

VCUG can be unpleasant due to urinary
catheter insertion and anxiety associated with
examination of the genitalia. Sedatives may be
needed to minimize anxiety and allow the child
to remain cooperative without affecting voiding.
Ten studies and 1 case report included in this
report describe sedation during VCUG.**® Mid-
azolam was the medication most widely studied
for VCUG. Elder and colleagues® were the first to
evaluate the safety and efficacy of PO midazolam.
Ninety-eight children received a PO dose of 0.6
mg/kg of an IV midazolam solution, which was
artificially sweetened with a Kool-Aid mixture
(Kraft Foods, Dover, DE), approximately 20 to
30 minutes prior to VCUG. Another 25 children
were recruited as control patients, with no medi-
cation. A telephone follow-up was completed in
94 of the midazolam group and all 25 controls.
Nineteen patients (20%) in the midazolam group
versus all control patients remembered the entire
study. Of those in the midazolam group who
remembered, only 9 patients (9.6%) reported
the experience as “negative.” Behavioral side
effects were noted in 12% of children receiving
midazolam (e.g., aggression and inconsolability).
However, there was no effect on post-voiding
residual urine volume.

Four more recent studies also compared PO
midazolam, 0.5 to 0.6 mg/kg, versus placebo for
sedation during VCUG.*"? Three of these studies
reported that patients treated with midazolam
were more cooperative and tolerant versus those
treated with placebo.”*? Herd and colleagues’
divided the procedure into 5 phases: entering
the room, catheterization, filling, voiding, and
leaving. Patients who received midazolam were
significantly less distressed than those given
placebo during room entrance (p=0.01), fill-
ing (p<0.0001), and voiding phases (p<0.0001).
No differences in distress were noted during
catheterization (p=0.1). Sorkhi and colleagues'
reported that 12.8% of patients remembered the
entire procedure as a “negative” experience,
similar to the percentage reported by Elder and
colleagues.® Likewise, no differences in residual
volume at completion of procedure were noted
between groups. Azarfar and colleagues' also
followed up 1 week after the VCUG procedure;
midazolam-treated patients had less urinary ir-
ritation, resulting in less dysuria and decreased
urinary frequency (p=0.001). The authors sug-
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gested that if patients are more cooperative dur-
ing catheterization, then insertion of the catheter
would be less traumatic physically.

Ferguson et al”? found no significant differences
in patient or caregiver anxiety scores when PO
midazolam was given for VCUG sedation. They
evaluated the efficacy of 0.5 mg/kg midazolam
oral syrup versus placebo in children 2 to 6 years
old 15 minutes prior to the procedure. Anxiety
was assessed using the modified Yale Preop-
erative Anxiety Scale, and caregiver anxiety was
assessed using the State-Trait Anxiety Inventory.
Only half of the desired patients were enrolled
based on the a priori power calculation, which
might have allowed the introduction of a type II
error. They also gave midazolam 15 minutes prior
to VCUG versus administration 20 to 30 minutes
prior to VCUG by Elder and colleagues,® which
also might have influenced the results.

Two studies compared PO midazolam to
other sedatives for VCUG sedation.** Akil
and colleagues® compared sedative effects
of PO midazolam, 0.6 mg/kg, to those of PO
chloral hydrate, 25 mg/kg, administered 15 to
30 minutes prior to VCUG; they also included a
placebo group. Sedation was assessed using the
Brietkopf-Buttner Classification of Emotional
Status score. They also evaluated the physician’s
perception of patient cooperation during the pro-
cedure. Patients receiving midazolam were more
sedated versus those receiving placebo (p=0.01),
but this was not statistically different from pa-
tients receiving chloral hydrate. The median
onset time to sedation was also not significantly
different between midazolam (18.1 minutes) and
chloral hydrate (16 minutes; p>0.05). However,
the duration of effect was twice as long with
midazolam (65 minutes vs. 28 minutes, p=0.018).
There were no adverse events reported.

Keidan and colleagues' compared the safety
and efficacy of PO midazolam versus N,O in
children undergoing VCUG. The investigators
compared 0.5 mg/kg midazolam, administered
30 minutes prior to VCUG versus 50% N,O initi-
ated just before the patient undressed. Similar rat-
ings for pain and anxiety were found; however,
fewer patients in the N,O group required physi-
cal restraint (9% vs. 42%, respectively, p=0.01).
In addition, mean recovery time was 34 minutes
shorter in patients receiving N,O (p<0.001).

One additional study evaluated N,O in chil-
dren undergoing VCUG. Zier and colleagues®

compared 70% N,O versus no sedation. The
investigators assessed pain through the Wong-
Baker FACES pain scale (Wong-Baker FACES
Foundation, Oklahoma City, OK), where they
were assigned a pain score ranging from 0 (“no
hurt”) to 10 (“hurts worse”). They noted that dis-
tress and pain scores were higher in non-sedated
patients (p<0.001).

The investigators of these 7 studies used differ-
ent primary outcomes (e.g., anxiety versus level
of sedation) and different assessment tools. The
midazolam dose ranged from 0.5 to 0.6 mg/kg,
and administration time ranged from 15 to 30
minutes prior to VCUG, which might have af-
fected the onset and efficacy of PO midazolam.
Differences in efficacy also might have been
related to the PO midazolam dose form. Com-
mercially available midazolam oral solution was
not on the market prior to 2005, so 3 of the earlier
studies compounded an oral solution from the
IV solution.*'*"* Elder and colleagues® noted that
compounded midazolam solutions using artifi-
cially sweetened liquids should be used because
sugar-sweetened drinks were associated with
decreased efficacy.

N,O appears to be a promising agent for VCUG
because of its fast onset and offset times. In stud-
ies that evaluated N,O, concentrations ranged
from 50% to 70%. However, to our knowledge,
there are no studies comparing higher versus
lower N,O doses.

IN midazolam has also been evaluated as a pre-
VCUG sedative. Stokland and colleagues'® com-
pared the use of 0.2 mg/kg midazolam IN using 5
mg/mLIV solution versus placebo administered
3 to 5 minutes prior to catheterization. No statisti-
cal differences were noted in completion rate or
duration of procedure. IN midazolam adminis-
tration was rated more uncomfortable (p<0.001).
Patients in the placebo group were more uncom-
fortable during catheterization (p=0.015).

IN midazolam offers another route of admin-
istration prior to VCUG. It was administered 2
to 3 minutes before the VCUG, whereas PO mid-
azolam required administration 15 to 30 minutes
prior because of time for enteral absorption. The
administration time favors IN midazolam and
could decrease the preparation time for the pro-
cedure. One negative point to highlight is that
some discomfort can occur with IN midazolam.
More studies are needed to determine the optimal
dosing in a larger sample.
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Table 4. Summary of Medications Used for Procedural Sedation?®??

Agent Dose Onset Time to Duration of Procedure  Adverse Drug Events
Sedation (min) Sedation (min) Type (% incidence)
Intranasal fentanyl 2 mcg/kg NA NA VCUG Nasal irritation (6)
Transmucosal 2-3 mcg/kg 10-45 10-45 CTimaging { HR(75)
dexmedetomidine
Intranasal 2.4 mcg/kg NA 920 VCUG Vasovagal syncope
dexmedetomidine Sinus bradycardia
Intranasal 0.2-0.56 mg/kg 5-40 12-153 CTimaging | HR(66.6)
midazolam ECHO Paradoxical reaction (5)
Transient agitation (3.3)
Vomiting (1.7)
Oral midazolam 0.25-0.6 mg/kg 10-50 15-120 MRI Behavioral effects (12)
VCUG HA (8.3)
ECHO 0, desaturation (3.1)
Gl endoscopy Vomiting (2.1)
Lethargy (2.1)
| HR*
| RR*
Intranasal ketamine 5mag/kg 5-20 25-60 CTimaging | HR(66.6)
Nitrous oxide 50-70% 4-26 13-39 VCUG HA (4.3-16)
Gl endoscopy Blurred vision (8)
N/V (0.9-5)

Paresthesia (5)

CT, computed tomography; ECHO, echocardiography; Gl, gastrointestinal; HA, headache; HR, heart rate; MRI, magnetic resonance; NA, not
available; N/V, nausea/vomiting; RR, respiratory rate; VCUG, voiding cystourethrogram.
*Numbers of patients who experienced decreased heart rate and respiratory rate were not provided.

IN fentanyl versus placebo was assessed by
Chung and colleagues' in children 4 to 8 years
old undergoing VCUG. The investigators were
assessing pain with catheter insertion versus
procedural sedation. The investigators found
no statistical differences in pain. The authors
believed that the lack of significant analgesic ef-
fect was a result of how the fentanyl was admin-
istered. They administered the IN fentanyl dose
in one nostril over 30 to 60 seconds and believed
that it might have been more effective if the total
dose was divided into aliquots and administered
in both nostrils. Incomplete bladder emptying
at VCUG completion was noted in 1 fentanyl
(2.9%) and 2 placebo patients (5.7%). Although
this finding was not significant, urinary retention
is a common adverse event with opioids, and
thus, IN fentanyl may not be the best choice for
sedation in VCUG.

Patel and colleagues' also described the use of
IN 2.4 mcg/kg dexmedetomidine for an 11-year-
old female with recurrent urinary tract infections
who underwent a VCUG procedure. This report
did not focus on the efficacy of the sedation for the
procedure but rather focused on a description of a

vasovagal syncope episode that the patient expe-
rienced following IN dexemdetomidine sedation.
This being said, the patient did successfully com-
plete the 15-minute procedure. Approximately 12
hours after receiving IN dexmedetomidine, the
patient collapsed and had heart rate of 36 beats
per minute and blood pressure of 78/51 mm Hg.
Electrocardiography was conducted and showed
sinus bradycardia. The patient was admitted
for observation and telemetry monitoring; no
further interventions were needed, and she was
discharged home the next day.

Echocardiography

Sedation during transthoracic echocardiogra-
phy is required to decrease excessive movement
and anxiety during the procedure. Two studies
were identified that evaluated procedural seda-
tion during echocardiography.”? Wheeler and
colleagues® compared the use of PO midazolam,
0.5 mg/kg, versus PO chloral hydrate, 75 mg/
kg. There were no differences in the number
of patients who were adequately sedated to
complete a partial echocardiographic evalua-
tion (p>0.05). However, a more comprehensive
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echocardiogram evaluation was performed in the
chloral hydrate group because deeper sedation
was achieved (p<0.001). There were no statisti-
cal differences in need for additional sedation
(p=0.332). There also were no difference in onset
time of sedation, but the mean recovery time in
midazolam patients was approximately 40 min-
utes faster (p=0.0063). The shorter recovery time
could be financially advantageous because the
patient would require shorter post-procedural
monitoring. However, this advantage appears to
come with a trade-off. Children receiving mid-
azolam were not able to achieve a deeper level
of sedation, and almost 40% of evaluations were
terminated before a full comprehensive evalua-
tion was completed.

Yildirim and colleagues® compared IN mid-
azolam, 0.2 mg/kg, versus PO midazolam, 0.4
mg/kg, in children undergoing echocardiogra-
phy. In addition, a third group received placebo.
There were no statistical differences between IN
and PO midazolam in regard to level of seda-
tion (p=0.583) or tolerability of the procedure
(p=0.311). However, children receiving IN and
PO midazolam were better sedated (p<0.001) and
more comfortable than those receiving placebo
(p<0.001). The IN route had greater patient ac-
ceptability than PO midazolam (93.3% vs. 36.7%,
respectively, p<0.001). One patient (3.3%) in the
PO group, 3 patients (10%) in the IN group,
and 7 patients (35%) in the placebo group did
not complete the procedure. No adverse effects
were noted.

Chloral hydrate and midazolam may be ef-
fective for sedation during echocardiograms in
children. In the present studies, chloral hydrate
allowed for a full comprehensive evaluation
but had a prolonged duration of activity when
compared with PO midazolam.” Current data
suggest that IN midazolam may be more effective
than PO midazolam. Wheeler and colleagues®
noted a significant number of echocardiograms
were terminated early due to inadequate seda-
tion. In addition, Yildrim and colleagues® noted
that IN midazolam had greater acceptability.
More studies should evaluate the optimal dose,
route, and agent for children undergoing echo-
cardiograms without IV access.

Upper Gastrointestinal Endoscopy
Procedural sedation is necessary during up-
per gastrointestinal (GI) endoscopy procedures

because the gag reflex needs to be diminished
for successful completion. Two studies evalu-
ated procedural sedation in pediatric upper GI
procedures.* Michaud and colleagues® studied
the safety and efficacy of 50% N,O for sedation
during endoscopy. N,O was administered for 3 to
8 minutes prior to endoscopy in all patients and
was continuously given during the procedure in
62% of patients. Efficacy was rated on a 3-point
scale (i.e., ranging from excellent to poor) by the
pediatric endoscopist and nurse. They noted ex-
cellent or good efficacy in 89% to 92% of children,
and the procedure was completed in all children.
Despite the perceived efficacy, moderate restraint
and restrictive physical restraint were required in
16% and 5% of children, respectively. Patients as-
sessed pain during the procedure using a Visual
Analog Scale (VAS). The investigators noted a
wide range of VAS scores with a median score
of 20 (range 5 to 100), but the majority (60%)
had a pain score ranging from 0 to 25. Minor ad-
verse events reported included headache (16%),
blurred vision (8%), nausea/vomiting (5%), and
paresthesia (5%).

Rafeey and colleagues* compared PO mid-
azolam, 0.5 mg/kg, to IV midazolam, 0.05 to 0.1
mg/kg, in 61 children undergoing esophagogas-
troduodenoscopy. The IV midazolam solution
was used to make a 2.5 mg/mL oral solution,
which was administered 30 minutes prior to the
procedure. Level of sedation was assessed by
the COMFORT scale (http://assessmentscales.
com/scales/comfort). Overall, there were no dif-
ferences in level of sedation; the procedure was
successfully completed in all patients. Patients
in the PO midazolam group took 12.5 minutes
longer to recover than those receiving IV therapy.
During endoscopy, both groups had a decrease in
peripheral oxygen saturation below 95%, and no
patient required intervention. No major adverse
effects occurred. The most common procedure-
related symptoms included dizziness (32%),
somnolence (29%), and headache (16%), which
were not different between groups.

Based on the results of these two studies, both
midazolam and inhaled N,O appear to be safe
and effective for procedural sedation in children
undergoing an upper GI endoscopy. Midazolam
has many qualities that make it an ideal agent
for this procedure, including its amnestic and
anxiolytic effects. However, N,O may be an ac-
ceptable alternative because it has a rapid onset
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and recovery from sedation, along with minimal
side effects. To our knowledge, no studies have
directly compared N,O and midazolam for proce-
dural sedation in children undergoing endoscopy.

DISCUSSION

Practical Considerations

Overall, most of the medications included were
considered efficacious for sedation compared to
placebo. It is difficult to compare the findings
of these 19 studies considering the different
procedure types, primary outcomes, and seda-
tion and/or anxiety tools used. Seven studies
included a comparator group; all with a relatively
small sample size, making it difficult to draw
conclusions.*” 31419202 Three studies compared
PO or IN midazolam to PO chloral hydrate.*"*"" It
should be noted that chloral hydrate is no longer
commercially available, although some institu-
tions may compound a solution.

The type of procedure should drive the selec-
tion of a medication. Longer procedures (e.g.,
MRI) require medications with longer activity
whereas in shorter procedures (e.g., endoscopy) a
more rapid offset time would be desired. A faster
offset time would require less time monitoring
the patient post-procedure. Based on the results
of these studies, N,O appears to be ideal for
shorter procedures because of the rapid onset and
shorter duration of activity compared to midazol-
am. This being said, N,O may not be available at
many institutions due to cost and other logisti-
cal issues (e.g., training requirements). Table 4
includes a summary of the onset and duration
of sedation for the included studies. There was
a wide range reported between the studies. It is
difficult to compare recovery time between these
studies because different definitions for recovery
time were used.

Additional factors should be considered when
selecting an agent for procedural sedation, in-
cluding patient acceptability. Oral midazolam
has a bitter taste, which affects tolerance. Eight
studies provided details for preparation of PO
midazolam; all 8 studies used the IV midazolam
solution in a sweetened drink.”*4*2022 Oral mid-
azolam syrup is now commercially available,
which is considered more tolerable. TM dexme-
detomidine with the IV formulation was said to
be well tolerated because of bland taste and mini-
mal volume required, and no children refused it

in the study by Lami et al.® IN midazolam was
administered using the IV product delivered by
dropper or MAD. None of these studies com-
pared the 2 delivery devices, but administration
using a MAD may be more effective because of
greater dispersion of the particles and increased
surface area for absorption. It was noted by sev-
eral authors that IN midazolam caused a burning
sensation which limited tolerability. The use of
10 mg of lidocaine spray prior to IN midazolam
administered through a MAD has been shown
to prevent discomfort.” N,O must be delivered
through facemask, which is not well tolerated by
children <5 years old, and mild restraint may be
needed with initiation.*

Adverse events associated with a specific agent
must also be taken into consideration. Table 4
includes a summary of the major adverse events
noted. Decreased blood pressure was noted with
PO midazolam, whereas decreased heart rate
was noted with IN and PO midazolam. Both of
these adverse events were not considered clini-
cally significant. In addition, behavioral changes
and paradoxical reactions were noted with use of
midazolam, and this impacted successful com-
pletion of the procedure. The most commonly
reported adverse effects for N,O were headache
and nausea/vomiting. The nausea/vomiting
with N,O is dose- and duration-dependent
(>10-15 minutes after administration).**?* Some
authors have reported delayed vomiting with
N,O, and caregivers should be informed that this
can occur post-discharge.® Vasovagal syncope
was described in 1 case report included in this
review with IN dexmedetomidine.’® The clinical
significance of vasovagal syncope and other ad-
verse events associated with dexmedetomidine
administered through this route is unknown.
Some of the studies used combination therapy
for procedural sedation. This practice may be
considered because lower doses of each agent
may be used; however, combination therapy
could result in increased adverse effects because
of overlapping effects between the agents (e.g.,
over-sedation).

There remains a need for future research in
this area. As noted, several studies included a
comparison of sedatives with placebo. One may
argue that using a placebo group may be un-
reasonable or unethical considering that many
children may exhibit pain or fear as a result of
imaging procedures. However, at the time these
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studies were conducted, the standard of care for
some of these imaging procedures was no seda-
tion. Future research should involve comparison
of agents for specific imaging procedures.

CONCLUSIONS

Sedation is necessary during imaging proce-
dures because a cooperative, still child is needed
to complete the study. Administration of sedatives
for non-painful, imaging procedures through the
extravascular route has been evaluated for IN
ketamine, IN/PO midazolam, TM dexmedeto-
midine, IN fentanyl, and N,O. Midazolam is the
most widely studied agent across all procedure
types. Selection of agents should be based on the
onset time, duration, patient acceptability, and
adverse events. Further research comparing these
agents for specific procedures is needed.
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