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Spray nasal de adrenalina no tratamento de reagées alérgicas de tipo | graves
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ABSTRACT ‘

Anaphylaxis is the most severe clinical manifestation of systemic
allergic reactions and carries a potential risk of death. Most
episodes of anaphylaxis occur outside the hospital setting and,
to ensure immediate treatment, alternative epinephrine devices,
such as epinephrine autoinjectors, have been developed. However,
these devices are not widely available across the world, and
there is reluctance to use them, especially among children,
who are often needle-phobic. In this context, the development
of an epinephrine nasal spray (ENS) represents an interesting
alternative for the treatment of anaphylaxis, with favorable
results. This study provides a narrative review of ENS in the
management of anaphylaxis, addressing its pharmacokinetics,
pharmacodynamics, and adverse events across different age
groups. Comparative studies between intramuscular and intranasal
administration have demonstrated comparable results, supporting
the use of ENS as an alternative for the treatment of severe type
| hypersensitivity reactions, especially anaphylaxis.

Keywords: Epinephrine, anaphylaxis, adolescent, children,
adult.

‘ RESUMO

Anafilaxia é a manifestagéo clinica mais grave das reagoes alérgi-
cas sistémicas e apresenta um risco potencial de morte. A maioria
dos episédios de anafilaxia ocorre fora de ambiente hospitalar,
e para que haja tratamento imediato, dispositivos alternativos de
administracao de adrenalina, como os autoinjetores de adrenali-
na, foram desenvolvidos. Todavia, estes nao sao disponiveis em
boa parte do mundo e ha relutancia com o seu uso, sobretudo
por criangas, geralmente fébicas por agulha. Assim o desen-
volvimento de um spray nasal de adrenalina (SNA) representa
alternativa interessante no tratamento das anafilaxias, com bons
resultados. O presente estudo tem por objetivo realizar revisao
narrativa sobre o SNA no tratamento da anafilaxia com relagéo a
sua farmacocinética e farmacodinamica, assim como os eventos
adversos nas diferentes faixas etarias. Estudos comparativos
entre a administragdo de adrenalina intramuscular e por SNA
demonstram resultados comparaveis e reforcam a sua utilizagao
como mais uma alternativa para o tratamento de reagoes alérgicas
graves de tipo |, especialmente a anafilaxia.

Descritores: Epinefrina, anafilaxia, adolescente, crianga,
adulto.
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Introduction

Anaphylaxis is the most severe clinical manifestation
of systemic allergic reactions and carries a potential
risk of death. International guidelines for the
management of anaphylaxis recommend intramuscular
(IM) administration of epinephrine (adrenaline) as the
first-line treatment, with a well-established safety
profile.17

Despite this, some researchers have recommended
alternative routes of administration, many of which
contradict current guidelines (Table 1). Epinephrine
autoinjectors (EAIs) are an effective, safe, and efficient
alternative for treating anaphylaxis, replacing the
traditional epinephrine ampule.'”

However, EAls have significant limitations that
may hinder the adequate use of IM epinephrine
during anaphylaxis. As a result, innovations involving
alternative administration routes may improve
treatment use rates and effectiveness. These new
devices, which deliver epinephrine via intranasal,
sublingual, or transcutaneous routes, are currently in
different stages of development and investigation.8

In this study, we present a narrative review
of the pharmacokinetic (PK), pharmacodynamic
(PD), and safety profiles of epinephrine delivered
via an epinephrine nasal spray (ENS) in patients

Table 1
Examples of epinephrine delivery devices

experiencing severe type | hypersensitivity reactions,
including anaphylaxis. For ethical reasons, double-
blind, placebo-controlled studies are not feasible in
the treatment of anaphylaxis. Therefore, we reviewed
studies published in English, French, Spanish, and
German over the past 15 years that evaluated ENS
in comparison with injectable products (IM ampules,
EAIs). The search terms used were “neffy” OR
“epinephrine” OR “anaphylaxis” OR “adrenaline” AND
“children” OR “adults.”

EAls are typically prescribed to individuals at
ongoing risk of anaphylaxis in community settings.
However, an online survey assessing anaphylaxis
management across 66 countries reported that only
60% had access to EAls, primarily high-income
nations.> Many countries in South America, Africa/
Middle East, and the Asia-Pacific region do not have
EAls available or depend on individual importation.
Even in countries where EAIs are commercially
available, national policies supporting their availability
in public settings are limited, with only 16% of
countries permitting such access.® Furthermore,
because of differences in device design, EAls are not
interchangeable.©

Epinephrine is also available as a prefilled syringe
(Symijepi), which is FDA-approved but not available
in Brazil (Table 1). This option requires individuals

Product Form Children (15-30 kg) Adults (>30 kg)
EpiPen Autoinjector 0.15mg IM or SC 0.3mgIMor SC
Amneal* Autoinjector 0.15mg IM or SC 0.3 mgIMor SC
AUVI-Q Autoinjector 0.15mg IM or SC 0.3 mgIMor SC
Symjepi Prefilled syringe 0.15mg IM or SC 0.3 mgIMor SC
Neffy Nasal spray 1 mg/nostril 2 mg/nostril

IM: intramuscular; SC: subcutaneous.
*Generic product.
Adapted from The Medical Letter on Drugs and Therapeutics.10.12
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to manually insert the needle and press the plunger,
which may be challenging for some, particularly
children.!

Recently, both the European Medicines Agency
(EMA) and the U.S. FDA approved an ENS (neffy)
as the first noninjectable epinephrine option for
the emergency treatment of type | hypersensitivity
reactions, including anaphylaxis, in patients aged > 4
years weighing more than 15 kg.10.12.13

To whom should preventive epinephrine be
prescribed?

Despite significant advances in the management
of allergic diseases, important questions remain, as,
for obvious ethical reasons, no randomized clinical
trials have evaluated the treatment of acute allergic
reactions with epinephrine.'4

Nevertheless, reasonable evidence from
observational studies supports the use of epinephrine
in the treatment of anaphylaxis. Moreover, large cohort
studies indicate that in at least 80% of anaphylaxis
episodes, the allergic reaction resolves despite no
treatment with epinephrine.!5.16

According to anaphylaxis guidelines, epinephrine
should be prescribed for emergency treatment
of a severe exacerbation by the patient/caregiver
(particularly via EAI) to any patient with a history of
anaphylaxis who cannot easily avoid re-exposure
to the causative allergen, especially foods and
Hymenoptera stings.'-7:1417 The guidelines also
recommended that EAI be prescribed to patients
without prior history of anaphylaxis but with risk factors
considered to raise their risk of anaphylaxis, such
as a diagnosis of asthma or a prior reaction to trace
amounts of allergen.'-7.14.18

Although EAls are commonly prescribed for the
immediate treatment of anaphylaxis, fewer than
half of patients at risk for severe allergic reactions
(including anaphylaxis) carry the products with
them, and those who do often delay use during a
severe type | hypersensitivity reaction.’® This delay,
often due to needle phobia, can lead to ineffective
or late treatment and is associated with significantly
increased risks of biphasic reactions, hospitalization,
and death.20-23

Low utilization rates, especially in the setting
of serious adverse outcomes associated with
unsuccessful or delayed treatment, represent a
significant unmet medical need among patients

at risk for severe allergic reactions, including
anaphylaxis.®

Epinephrine nasal spray

Most severe type | hypersensitivity reactions
occur in out-of-hospital settings, and the immediate
administration of epinephrine is the only universally
recommended first-line treatment.’7:1® Needle-
free epinephrine delivery options are particularly
beneficial for children, among whom needle
phobia is especially common. Several medications,
including midazolam, diazepam, fentanyl, naloxone,
ketamine, and dexmedetomidine, among others, are
routinely administered intranasally for a variety of
indications.2

The ENS consists of 3 key components: (1)
epinephrine, the active ingredient; (2) Intravail
(dodecylmaltoside), a proprietary absorption-enhancing
agent developed to increase the bioavailability of
intranasally delivered medications; and (3) a Unit
Dose Spray (UDS) device designed to generate an
optimal spray pattern and droplet size that maximizes
medication delivery to the nasal turbinates.24

Epinephrine

Epinephrine is a nonselective agonist of both
o- and B-adrenergic receptors, which are all
G-protein-coupled. It acts through direct agonism at
o~ and B-adrenergic receptors, resulting in adenylyl
cyclase activation and increased intracellular
cyclic adenosine monophosphate production.2® It
stabilizes mast cells by preventing their degranulation
and the rapid release of allergic mediators, and
directly counteracts nearly all immune mediators
of anaphylaxis at end-organs. While anaphylaxis
leads to loss of intravascular fluid volume and
hypotension, activation of o-adrenergic receptors
reduces vasodilation and increases vascular
permeability. B-Adrenergic receptors relax bronchial
smooth muscle, helping to relieve bronchospasm,
wheezing, and dyspnea that may occur during
anaphylaxis. Heart rate (HR) and contractility
increase via B-adrenergic receptors to maintain blood
pressure (BP). In addition, epinephrine can help
relax the smooth muscle of the stomach, intestines,
uterus, and urinary bladder; improve symptoms
such as pruritus, urticaria, and angioedema; and
relieve gastrointestinal and genitourinary symptoms
associated with anaphylaxis.2526
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Intravail

Intravail is a safe alkylsaccharide that alters
mucosal viscosity and membrane fluidity to loosen
cell-cell junctions, facilitating mucosal absorption.2”
It is soluble in both water and oil and does not cause
mucosal irritation or damage.28

The combination of epinephrine with Intravail
allows greater pharmacologic efficiency while using
the lowest effective dose. There are some concerns
that the potential vasoconstrictive effect of epinephrine
could impair its absorption via nasal spray, but this
effect was not observed.24

Increased vascular permeability during an allergic
reaction could increase epinephrine absorption and
increase the risk of overdose. The inclusion of Intravail
in the ENS formulation prevents this by enhancing
efficacy at lower doses, thereby minimizing the risk
of overdose. These factors also contribute to reducing
adverse reactions.24

Device

Epinephrine is delivered via a UDS device similar
to those used in other widely adopted pharmaceutical
products. It is easy to use, reliable, and has a very low
failure rate (<1 in 100,000 uses). The device delivers
80% of the medication in droplets measuring between
20 and 120 pm, almost all of which are captured on
the nasal turbinates.?0

Pharmacokinetic and pharmacodynamic
clinical studies

To date, the conduct of randomized clinical trials
to evaluate the efficacy of epinephrine products
for the treatment of severe type | hypersensitivity
reactions (including anaphylaxis) is considered
unethical and impractical; therefore, no such trials
have been conducted.2* Therefore, approval of the
ENS was based on multiple clinical trials comparing
its PK (mean maximum plasma concentration [C ],
time to C,, [Tray], Maximum effect [E, . ], and time
to E. . [TE,.]) and PD (BP, systolic BP [SBP],
diastolic BP [DBP], and HR) with those of approved
injectable products. These studies demonstrated that
the ENS has a PK profile that is comparable to or
better than that of injectable products.29-32

An integrated analysis was performed including
4 randomized, crossover trials comparing the PK
and PD profiles of manual epinephrine IM injection

(0.3 mq), 2 EAls (EpiPen and Symjepi, both 0.3 mg),
and ENS (1 mg) in healthy individuals and individuals
with a history of type | allergies (not active) aged
19 to 55 years.33 It showed that although the ENS
resulted in a C,,, (258 pg/mL) that was lower than
but comparable to IM injection (254 pg/mL), Symjepi
(438 pg/mL), and EpiPen (503 pg/mL), it led to
comparable increases in SBP (E, .., 16.9, 10.9, 14.9,
and 18.1 mm Hg, respectively). The effect of the ENS
on DBP was also markedly more pronounced than
that of other products (E,,, 9.32, 5.51, 5.78, and
5.93 mm Hg, respectively). According to the authors,
the PD profile of the ENS is comparable to that of
EpiPen and superior to that of IM injection.33

Conversely, Casale et al. conducted a similar
study in healthy individuals in which the ENS dose
was increased to 2 mg, followed by a repeat dose 10
minutes later. The highest mean epinephrine C_ ..
was observed after EpiPen administration (753 pg/
mL), and this level remained elevated for 20 minutes,
followed by ENS (481 pg/mL) and IM injection
(339 pg/mL). 20

All treatment regimens resulted in an increase from
baseline SBP, with the greatest increase occurring
after ENS. EpiPen was associated with a faster but
less pronounced SBP increase compared with ENS.
For all treatments, SBP returned to baseline values
within 120 minutes. Mean SBP increase was greater
following ENS than IM injection, but not significantly
different from EpiPen. Following repeated doses,
change from baseline SBP was also greater for ENS
compared with EpiPen.29:30

Anatomical or structural nasal abnormalities
may interfere with the absorption of epinephrine
administered via nasal spray. A similar effect might
be expected in patients with rhinitis. However,
Oppenheimer et al. compared the PD and PK
profiles of epinephrine delivered via IM injection
and nasal spray in individuals with seasonal allergic
rhinitis (SAR), both before and after a nasal allergen
challenge. The PD and PK profiles of the ENS were
comparable to or better than IM injection, regardless
of whether one or two doses were administered,
and consistent with findings previously reported in
individuals without SAR.3'

In children and adolescents, PK/PD studies have
been conducted with reference to adult data, while
reinforcing the presence of age-related differences in
these parameters. As children grow, well-recognized
physiological increases in BP and HR occur, and
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these age-dependent changes must be considered
when interpreting PK/PD responses.25:32.33

Fleisher et al. conducted a phase 1, multicenter,
single-dose PK/PD study of 42 pediatric patients
(aged 4-18 years) who were dosed with 1 mg (for body
weight 15-30 kg) or 2 mg (for body weight > 30 kg)
of ENS. The results were compared with those from
42 healthy adults (aged 22-54 years) who received a
single 2-mg dose.?8

Among pediatric participants who received 1 mg,
the mean C,_ ., was slightly lower than that of those
who received 2 mg (651 vs. 690 pg/mL), and both
values were higher than those observed in adults
(481 pg/mL).

Both ENS doses resulted in an overall mean
increase from baseline SBP; however, transient
decreases in DBP were also observed, occurring at
5 minutes for the 1 mg dose and at 10 minutes for the
2 mg dose. No differences were observed between
the 2 pediatric doses in terms of HR elevation or
mean SBP and DBP values. Adults experienced
significantly greater increases in SBP than children,
while DBP differences were minimal. HR changes
were similar between both children and adults.28
These increases occur due to activation of adrenergic
receptors, which is the main mechanism of action
through which epinephrine reverses severe allergic
reactions and anaphylaxis.33 Interestingly, despite
the higher epinephrine C,,, observed in children
and adolescents, the maximal increase in mean
SBP was significantly lower than that seen in adults.
Could this difference be the result of age-related
physiological variations?28 Unlike adults, children
demonstrated an initial decrease from baseline DBP
with both ENS doses (1 mg and 2 mg), in an age-
dependent pattern.2® This decrease is presumed to
result from activation of high-affinity f2-adrenergic
receptors, resulting in transient vasodilation.
B2-mediated vasodilation subsequently reduces
venous return, followed by a decrease in cardiac
output, which can potentially lower both SBP and
DBP.29:33 Redistribution of blood flow continues until
epinephrine levels rise sufficiently to activate lower-
affinity a-adrenergic receptors, resulting in a plasma
concentration-dependent shift from vasodilation to
vasoconstriction.34-37

The relatively high vascular elasticity in children
likely makes them more sensitive to this transient
B2-mediated vasodilation and the associated
transitory decrease in DBP. This effect tends to be

more pronounced and to occur earlier with higher
ENS doses, and it may also be reflected in SBP
changes.34.36

Regarding changes in HR, although children
showed higher epinephrine concentrations, their
HR responses were comparable to those observed
in adults. These physiological differences are also
likely age-related. Two mechanisms help explain
this: (a) a decrease in chronotropic responses to 31-
adrenergic stimulation with age, with downregulation
and reduced agonist binding of B1-receptors,3°
resulting in a less pronounced HR response in older
adults; and (b) reduced baroreflex sensitivity with
age,? leading to decreased HR modulation (less
decrease in HR) in response to rapid increases in
BP. Together, the reduced response to 31-adrenergic
stimulation and the decreased HR regulation due to
a less sensitive baroreflex may minimize differences
in cardiac responses to epinephrine in older
individuals,3” resulting in HR responses similar to
those observed in pediatric patients, whose HR was
reduced by a more sensitive baroreflex with higher
epinephrine concentrations.

Hypotension is frequently associated with severe
allergic reactions. Therefore, it is important to evaluate
how this condition might affect the absorption of
intranasally administered epinephrine.3® A study
in anesthetized beagle dogs, assessed under both
normal conditions and hypotension associated with
anaphylaxis, investigated this question. After being
dosed with 1 mg of ENS, the dogs demonstrated
significantly higher mean C_,, of epinephrine
during anaphylaxis than under normal conditions
(2670 + 2150 pg/mL vs. 1330 + 739 pg/mL, p < 0.05).
The same occurred with the area under the curve
(0 to 45 minutes). These findings demonstrate
that epinephrine absorption was not impaired by
anaphylaxis-associated hypotension.38

Overall, when administered to children and
adolescents, the ENS demonstrated absorption
comparable to or greater than that observed in
adults, with increases in SBP and HR consistent
with activation of relevant adrenergic receptors
at pediatric doses. Regarding DBP, differences in
patient responses are largely attributable to normal
age-related physiological differences rather than to
epinephrine’s pharmacologic effect. When compared
with data from more than 700 adults, pediatric doses
of the ENS performed as expected.28
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Safety

Epinephrine is the first-line treatment for anaphylaxis
and is associated with a well-established safety
profile. Effective resolution of anaphylaxis symptoms
depends largely on its immediate administration
by the patient/caregiver. However, the potential for
overdose and serious cardiac adverse effects exists
with any route of administration, although this risk is
lower with IM injection compared with intravenous
administration.3?

Epinephrine should be administered with caution
in pregnant women, older adults, and patients
with underlying heart disease or those taking
cardiac glycosides, diuretics, or antiarrhythmics,
as it may worsen angina or precipitate ventricular
arrhythmias (including fatal ventricular fibrillation).
Individuals taking antidepressants or those with
thyroid disorders, diabetes, or hypertension
may be at increased risk for adverse reactions.
Epinephrine may temporarily exacerbate underlying
conditions and/or worsen symptoms in patients with
hyperthyroidism, Parkinson’s disease, diabetes, and
renal insufficiency.6-8

Although the ENS contains metabisulfite in
its formulation, this should not preclude its use in
patients with sulfite sensitivity.5® Mucosal changes
may persist for up to 2 weeks following ENS use and
may potentially increase the systemic absorption of
medications applied intranasally, including epinephrine
itself.6:8

The ENS is supplied as a single-dose (1 mg or
2 mg) spray to be administered as follows: 1 mg for
children aged > 4 years weighing 15-30 kg; and 2 mg
for patients weighing > 30 kg.68 The recommended
regimen is one spray administered into one nostril. If
symptoms do not improve after 5 minutes, a second
dose may be applied to the same nostril using a new
nasal spray.68

Correct use of the device is essential, even
by untrained individuals relying solely on written
instructions. Hernandez-Trujillo et al. conducted
a human factor study of ENS in adults, juveniles,
caregivers, and patients. All participants were able
to carry the case containing 2 devices, open it during
a simulated allergic emergency, and successfully
administer the product both once and twice (10
minutes apart) in the same nostril.%

Adverse events occur in approximately 7%-19%
of cases and are generally mild. Common reactions

include nasal discomfort, headache, rhinorrhea,
dizziness, nausea, vomiting, throat irritation or
dryness, paresthesia, sneezing, upper airway
congestion, epistaxis, nasal dryness, fatigue, and
nervousness.68

Fleischer et al. reported adverse events in 52.4%
of patients who received ENS 1 mg and 66.7% of
those who received 2 mg. In the 1 mg group, the most
common events were nasal congestion (19%), upper
respiratory tract congestion (14.3%), dry throat, nasal
dryness, and paresthesia (9.5%). In the 2 mg group,
the most common were nasal discomfort, rhinorrhea,
and intranasal paresthesia (19%), sneezing (14.3%),
rhinalgia, epistaxis, paresthesia, fatigue, and feeling
jittery (9.5%). No gastrointestinal adverse events
(nausea or vomiting) were reported. Most events
were mild and resolved quickly. No serious adverse
reactions or study withdrawals occurred.28

According to the manufacturer, the ENS should
be stored at room temperature, with excursions
permitted up to 50 °C. At temperatures below —15 °C,
the solution freezes and the device fails to release
epinephrine. The shelf-life of the ENS (neffy) is 30
months, longer than that of injectable products, which
typically have a shelf-life of 12 to 18 months.%:8

Conclusion

To date, PK and PD studies of ENS have
demonstrated clinical efficacy comparable to IM
epinephrine (ampule or EAI) in both adults and
children.3'40 The ENS represents an innovative and
promising alternative, particularly for patients who
face barriers to using injectable devices.
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