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Use of Intranasal Medications in Pediatric

Patients

Susan E. Warrington, PharmD; Robert J. Kuhn, PharmD, FPPAG

Abstract: A growing body of evidence supports the intranasal
administration of atomized medications for a wide variety of
pediatric indications. This article describes their use applicable
to orthopedic specialists in the areas of pediatric pain manage-
ment, as well as pre- and intraoperative sedation. As a quick,
painless alternative to more invasive routes of administration,
intranasal drug delivery has shown similar time to clinical ef-
fect compared to the intravenous route, while minimizing anxi-

ety in both patients and their parents.

The administration  of
medications in pediatric
patients is not always an easy
task. Barriers can be as simple
as poor palatability of oral
medications, or a patient who
has difficulty swallowing pills.
Rectal administration is an-
other option, but this can often
be socially undesirable, espe-
cially in older children. More
invasive routes of delivery,
such as intramuscular, subcu-
taneous, intravenous (IV), or
intraosseous, provide optimal

drug delivery but often cause
associated pain and anxiety;
therefore, an alternative route
of administration is often de-
sired in the pediatric patient
population.

Intranasal drug administra-
tion offers a quick, painless,
noninvasive way to give medi-
cations, with onset of action
generally comparable to that
of IV administration where the
central nervous system is the
site of action.! An increasing
body of literature investigates
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the applications of intrana-
sal delivery for many indica-
tions (eg, seizures, epistaxis,
pretreatment for nasogastric
tube insertion, and naloxone
administration for narcotic
overdose reversal). This article
describes their use applicable
to orthopedic specialists in the
areas of pediatric pain man-
agement, as well as pre- and
intraoperative sedation.

PHARMACOKINETICS
Delivery to the highly vas-
cularized nasal mucosa allows
for rapid transport of medica-
tions into the bloodstream and
across the blood brain barrier.
Intranasal administration has
faster absorption compared
to oral.2 Due to direct absorp-
tion into the bloodstream, the
intranasal delivery route also
bypasses first-pass metabo-
lism in the liver. In general,
pharmacokinetic studies show
that the bioavailability of in-
tranasal medications is less
than that of IV administration,
but direct absorption into the
central nervous system and
comparable time to desired

clinical effect indicate that
this route still achieves simi-
lar outcomes regarding onset
of action.’? It is important
to note, however, that due to
incomplete absorption of in-
tranasal administration, doses
for intranasal medications
are higher than those recom-
mended for IV administration
(Table).

DROPLETS VS ATOMIZED
SPRAY

Studies have compared
the use of atomized spray vs
droplet delivery into the nasal
cavity. Drops into the nose are
noted to be primarily deposit-
ed onto the ciliary surface with
excess runoff down the throat.
In comparison, atomized par-
ticles cover more surface area
and are better distributed into
the nasal mucosa, resulting in
better bioavailability.>” From
the perspective of patient ac-
ceptance, administration of
atomized spray has also been
shown to produce significantly
less aversive behavior in young
children, making it a practical
option.?
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ADMINISTRATION

A key concept to consider
for intranasal drug delivery is
selecting a formulation con-
centration that allows for min-
imization of volume. Volumes
of 0.2 to 0.3 mL per nostril are
ideal, but volumes up to 1 mL
per nostril can be used. Small
volumes divided between both
nostrils optimizes absorption
and reduces mucosal surface
saturation and runoff down
the throat. However, this issue
is more apparent in adults vs
children due to weight-based
dosing.!

Another consideration for
intranasal administration is
the patient’s mucosal environ-
ment and potential barriers to
drug delivery. Mucous, blood,
and the use of vasoconstrictors
impair absorption via intrana-
sal route; therefore, alternative
delivery methods should be
considered in these cases if na-
sal suctioning is inadequate or
not possible.

Atomized intranasal admin-
istration is achieved by using
a product known as a Muco-
sal Atomizer Device (MAD;
Wolfe Tory Medical, Inc, Salt
Lake City, Utah).’ This latex-
free device attaches directly to
a luer-lock syringe and atomiz-
es medications to a particle size
of 30 to 100 w. When drawing
up medications to be given via
atomizer device, an additional
0.1 mL of volume should be in-
cluded to account for estimated
dead space in the device. Cost
per atomizer device is approxi-
mately $4 to $5.

PAIN CONTROL
Orthopedic fractures and
joint dislocations are some

Table

Dosing of Intranasal Medications in Children

Onset of Duration of
Medication Dose Action, min  Action, min Considerations
Dexmedetomidine 1-2 wkg 15-30 55-100 May be preferred when more
than mild sedation is desired;
monitor for hypotension and
bradycardia
Fentanyl 1.5-2 wkg 10-20 30 Monitor for hypoxia
Ketamine 5-8 mg/kg 5-10 Up to 60 Monitor for hypoxia
Midazolam 0.4-0.5 mg/kg 10-20 20-40 Use 5 mg/mL concentration;
(anxiolysis) may cause nasal burning for

30-45 seconds

of the most painful pediatric
emergencies, and time to ad-
ministration of analgesics is of
primary concern. Opiates via
IV administration for orthope-
dic trauma pain provide rapid
onset of analgesia and can be
titrated to effect; however,
other considerations regard-
ing this route are additional
associated pain and anxiety,
as well as the time required to
gain IV access. The use of in-
tranasal fentanyl in the emer-
gency room setting has gained
favor in recent years as a fast,
painless alternative to IV ad-
ministration. Intranasal opiates
also appear to be most useful
for acute pain management for
wound-dressing changes, large
abrasions, and burns.

Fentanyl is an opiate anal-
gesic with the most evidence
to support intranasal admin-
istration. Use in pediatric pa-
tients has shown comparable
efficacy to IV fentanyl and
IV morphine in postoperative
pain management and acute
fractures in the emergency de-
partment, respectively.*!°

A study by Saunders et
al'! also shows efficacy in

pain control and overall pa-
tient satisfaction with use fol-
lowing traumatic orthopedic
injury. Lipophilic drugs with
low-molecular weight gen-
erally achieve plasma levels
similar to those from IV deliv-
ery. Pharmacokinetic data for
intranasal fentanyl suggests
approximately 71% bioavail-
ability, reflecting findings
that relatively higher doses
are required for intranasal
vs IV routes of administra-
tion (ie, 1.5-2 p/kg). As with
IV administration, intranasal
fentanyl also allows for titra-
tion to effect while monitoring
appropriately for potential re-
spiratory depression and chest
wall rigidity.

PRE- AND INTRAOPERATIVE
SEDATION

Minimizing distress over
parental separation and induc-
tion of anesthesia are chal-
lenges associated with pediat-
ric patients in the preoperative
period. Therefore, the adminis-
tration of a sedative/anxiolytic
agent is common practice prior
to IV cannulation and transfer
to the operating room. Oral

midazolam is one of the most
commonly used agents for
this purpose, but only 70% of
pediatric patients will accept
this therapy.'? Therefore, the
use of intranasal midazolam,
intranasal dexmedetomidine,
and intranasal ketamine have
been investigated for pre- and
intraoperative sedation.
Anxiety during medical
procedures is also a common
scenario in pediatric patients,
and procedures where intra-
nasal sedation and anxiolysis
have proven beneficial in-
clude: magnetic resonance
imaging and computed tomog-
raphy scans, laceration repair,
burn-dressing changes, dental
extractions, and venipuncture.
Midazolam is a water-sol-
uble benzodiazepine known
to have a rapid onset and short
duration of action, as well as
properties of amnesia and
anxiolysis. Administered in-
tranasally, midazolam is an
effective option for conscious
sedation.'3"'® When compared
to oral midazolam, intrana-
sal administration has shown
a more rapid absorption and
time to onset of action due to
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THE BOTTOM LINE

distribution and absorption.

® [ntranasal medication administration is a practical option for pediatric patients as a noninvasive
alternative to the intravenous route.
® Atomized spray vs droplet delivery is noted to be superior in the literature due to better nasal

® [n the areas of pain control and pre- and intraoperative sedation, inhaled medications have shown
similar efficacy to intravenous options regarding time to onset of desired effect.

systemic absorption via close
communication between the
vascular plexus cavity and the
subarachnoid space by way of
the olfactory nerve.?
Pharmacokinetic  studies
have noted the bioavailability
of intranasal midazolam to be
approximately 60%; however,
similar outcomes for time to
clinical effect are noted when
compared to IV midazolam.
Intranasal midazolam has
been used since 1988 with
repeatable positive outcomes.
The most commonly reported
adverse effects of intranasal
midazolam are nasal burning
for 30 to 45 seconds and bitter
taste. In some instances, 10
of 10% lidocaine administered
intranasally to each nostril has
shown benefit in reducing re-
ported burning sensations.'”!
Dexmedetomidine is a taste-
less, colorless, and odorless
agent that acts as a selective
alpha-2 adrenergic agonist with
both sedative and analgesic ef-
fects via actions in the central
nervous system. It is commer-
cially available as a concentra-
tion of 100 p/mL, which makes
it easy to administer in volumes
<1 mL. A benefit noted with
the use of this agent is that it
has minimal to no effect on re-
spiratory rate or tidal volume.
Although time to effect is
relatively delayed when com-

pared to IV administration,
pharmacological effects are
considered comparable.'” The
most notable adverse effects
that occur with IV adminis-
tration in pediatric patients
include dose-dependent hypo-
tension and bradycardia. With
intranasal dexmedetomidine,
moderate decreases in blood
pressure and heart rate have
been noted in healthy children
during the first hour after ad-
ministration.?0?!

Talon et al® compared intra-
nasal dexmedetomidine given
via atomizer with oral mid-
azolam in children younger
than 18 years. Both products
had similar effects on preop-
erative sedation and anxiolysis
for induction of general anes-
thesia with no significant ad-
verse effects, and only modest
hemodynamic effects. Yuen et
al?? investigated time to onset
and duration of sedative effects
for intranasal dexmedetomi-
dine administered via droplets
with similar sedative efficacy
and pharmacodynamic results
(Table).

Ketamine is a dissocia-
tive anesthetic that creates a
trance-like state with proper-
ties of sedation, amnesia, anal-
gesia, and catalepsy. In a study
by Kazemia et al,”® sedative
effects of intranasal ketamine
5 mg/kg were compared to

intranasal midazolam 0.2 mg/
kg. In 130 children aged 2 to
5 years who received the study
medication 20 minutes preop-
eratively, 89% of the ketamine
group vs 90% of the midazol-
am group vs 47.5% of placebo
group were sedated at the time
of separation from parents,
and 80%, 86%, and 22.5%,
respectively, were sedated at
the time of intravenous line
insertion. Therefore, intrana-
sal midazolam and intranasal
ketamine were deemed equal-
ly effective for the purpose of
easy parental separation and
IV line placement.

Efficacy of intranasal ket-
amine and midazolam were
compared by Gharde et al** in
children with tetralogy of Fal-
lot. Dosing up to 10 mg/kg of
ketamine was used in this study
vs 0.2 mg/kg of midazolam, as
well as a mixture of ketamine
7.5 mg/kg and midazolam 0.1
mg/kg. Sedation was assessed
at 30 minutes post-dose. In the
ketamine alone study group,
sedation, separation, and ac-
ceptance of IV cannulation
were all good, compared with
good sedation but poor sepa-
ration and acceptance in the
midazolam alone group. Over-
all, the use of higher than typi-
cally recommended intranasal
ketamine was deemed better
than intranasal midazolam for

purposes of preparation for
induction in the preoperative
period.?*

Although the delivery of
medications for pain and seda-
tion via intranasal route does
not have current approval by
the United States Food and
Drug Administration,
used in the proper patients and
settings, this route appears to
be a viable option for pediatric
drug delivery. As with any se-
dation or narcotic analgesic
use in pediatric patients, these
procedures should be done
with trained personnel who
have the expertise and equip-
ment to monitor patients;
therefore, it would seem pru-
dent to make these agents part
of standard protocols when
used. The ability to monitor
patients during the time peak
effects of these agents are ob-
tained is critical for both effi-
cacy and safety. As an effective
component of care, this meth-
od of delivery not only helps to
expedite pain control and pre-
or intraoperative sedation in
pediatric patients, but also
helps to alleviate anxiety in
pediatric patients and their
parents. @

when
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