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ABSTRACT

Background Despite evidence showing that the
intranasal and sublingual routes are safe and effective

in providing analgesia, no data are available about their
day-to-day use in the emergency department (ED). The
aim of this study was to assess the frequency of the use
of the intranasal and sublingual routes, and the clinical
characteristics of the patients receiving analgesia through
these routes.

Methods A multicentre study was performed in the EDs
participating in the Pain in Paediatric Emergency Room
research group. It included a survey and a retrospective
data collection in which the medical records of all patients
who received analgesia from 1 April 2022 to 31 May 2022
were collected.

Results 48 centres (91%) answered the survey. The
intranasal and sublingual routes were used in 25 centres
(52%). 13 centres (27%) used both routes, 9 centres (19%)
used only the sublingual and 3 centres (6%) used only the
intranasal route.

12 centres (48%) participated in the retrospective study.
Data about 3409 patients, median age 9 years (IQR 5-12),
were collected. Among them, 337 patients (9.6%) received
sublingual analgesia, and 87 patients (2.5%) received
intranasal analgesia. The intranasal route was employed
for injuries in 79 (90.8%) cases, and fentanyl was the drug
delivered in 85 (97.7%) cases. The sublingual route was
used mainly for injuries (57.3%), but also for abdominal
pain (15.4%), musculoskeletal pain (14.5%) and headache
(10.7%). Paracetamol, ketorolac and tramadol were
administered through this route.

Conclusions The use of the intranasal and sublingual
routes for analgesia in the paediatric ED is still limited.

INTRODUCTION
Pain is the symptom most frequently reported
by children and adolescents accessing the
paediatric emergency department (PED).!
Appropriate pain management is consid-
ered one of the most important goals in PED
care. Pharmacological analgesia is the most
commonly used analgesic strategy for chil-
dren and adolescents with acute pain in the

,! Egidio Barbi,"'* Franca Benini'®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Pain management is one of the main goals of paedi-
atric emergency department (PED).

= Intranasal and sublingual analgesia is effective in
children with both traumatic and non-traumatic
pain, including severe pain.

= No data are available about the actual use of these
routes in the ED.

WHAT THIS STUDY ADDS

= The 52% of the EDs participating in this study use
the intranasal or sublingual route for analgesia.

= In these EDs, 9.6% and 2.5% of patients received
sublingual and intranasal analgesia, respectively, in
a 2-month period.

= The intranasal route was employed mainly for inju-
ries and for the administration of fentanyl.

= The clinical characteristics of patients receiving an-
algesia through the oral and sublingual route were
similar.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This large multicentre study showed that the use of
the intranasal and sublingual routes for the admin-
istration of analgesia is still limited in the PEDs. This
is the first study showing the actual use of these
routes for analgesia in this setting. The results of
this study may shed light on the reasons behind the
limited use of these routes for the administration of
analgesia, and support institutions and emergency
physicians in implementing their use.

PED. Many drugs are available, including
paracetamol, non-steroidal anti-inflammatory
drugs (NSAIDs), opioids and ketamine, which
are mainly administered through the oral and
intravenous routes.

In the last two decades, new routes of admin-
istration have been explored with fascinating
results in children and adolescents. Trans-
mucosal routes, including the intranasal and
sublingual routes, are increasingly popular in
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the PED setting due to their easy and fast administration.
Moreover, they can be used in patients without vascular
access.” The international literature shows the effective-
ness of the intranasal and sublingual administration of
drugs in children with both traumatic and non-traumatic
pain, including severe pain. Contraindications to these
routes are mainly related to local issues. Adverse events
are less common compared with the intravenous route.”®

Even though the transmucosal administration of anal-
gesia seems a valuable tool for emergency physicians, no
data are available about its use in the day-to-day practice
in the PEDs.

Pain in Paediatric Emergency Room (PIPER) is an
Italian research network including members from 52
Italian EDs. Participants are paediatricians, emergency
physicians and anaesthesiologists who work together
to share knowledge and research in pain recognition,
assessment and management.”

This study aimed to describe the use of transmucosal
routes for analgesia among the PIPER centres through a
survey and a retrospective data collection.

METHODS

This was a multicentre observational study that involved
the EDs part of the PIPER research network. It was
divided into two steps.

A survey was developed to establish the number of EDs
employing the intranasal and sublingual routes for the
administration of analgesia.

Subsequently, the frequency of analgesia administra-
tion through the intranasal and sublingual routes in the
centres that had reported to use them in the survey, was
retrospectively assessed.

The tertiary level, university teaching, children’s
hospital Institute for Maternal and Child Health IRCCS
Burlo Garofolo of Trieste, Italy, was the coordinator
centre for this study.

An online survey was performed through a brief ques-
tionnaire addressed to every member of the PIPER
research network representing an ED centre. The ques-
tionnaire included 11 items. Two items were about the
type of ED, paediatric or general, and the annual census
in 2021. Five items addressed the use of the intranasal
route. It was asked if this route was used for analgesia
or for other purposes, if a mucosal atomisation device
(MAD) was available for intranasal administrations,
which analgesics were administered, and if the adminis-
tration was allowed to emergency physicians or only to
anaesthesiologists. Four similar items addressed the use
of the sublingual route of administration.

The centres that reported to use the intranasal or
sublingual routes for the administration of analgesia were
invited to participate in a retrospective cross-sectional
study.

The aim was to determine the number of patients
receiving intranasal and sublingual analgesia, from 1
April 2022 to 31 May 2022, and to describe the main

characteristics of the patients receiving analgesia through

these routes.

The inclusion criteria for the data collection were:

1. Children and adolescents, from 0 to 17 years of age,
accessing the EDs part of the PIPER research network.

2. Subjects who received pharmacological analgesia at
the ED through any route.

The exclusion criteria were:

1. Adult patients accessing EDs included in the PIPER
research network.

2. Patients receiving drugs through the transmucosal
routes for purposes different from analgesia (eg, se-
dation).

3. Patients receiving only topical or inhalatory analgesia.
The medical records of every subject, who fulfilled the

inclusion and exclusion criteria, were reviewed.

For each enrolled patient, the following characteristics
were collected: age, gender, type of pain, type of anal-
gesic received and route of administration.

The above data were anonymised, collected and stored
in an electronic database developed explicitly for the
study.

For comparisons:

» Patients’ ages were grouped as follows: newborns
(0-30days), infants (1-11months), toddlers (1-2
years), preschool children (3-5 years), school chil-
dren (6-12 years) and adolescents (13-17 years).

» The type of pain was characterised as: injury-related
pain (caused by trauma, burns and wounds), abdom-
inal pain, headache, non-traumatic musculoskeletal
pain, ear pain, throat pain and others.

» The types of analgesic drugs included: paracetamol,
NSAIDs, opioids, ketamine and others.

» The routes of administration included: intranasal,
sublingual/buccal, oral, rectal, intravenous and
intramuscular.

The primary study outcome was the frequency of intra-
nasal and sublingual analgesia among the EDs included
in the PIPER research network, assessed through the
survey.

The secondary outcomes were:

» The number of centres using transmucosal adminis-
trations for purposes different from analgesia.

» The prevalence of children who received transmu-
cosal analgesia.

» The type of pain in which transmucosal analgesia was
more used.

Statistical analysis

Categorical variables were described as frequency and
percentage. Continuous variables were described by
mean and SD if their distribution tested as normal, or else
by median and IQR. To assess normality in the contin-
uous variables’ distribution, the Kolmogorov-Smirnov
test was used. The prevalence of the use of transmucosal
analgesia was calculated as the ratio between the number
of centres that reported to use it and the total number
of centres participating in the study. The prevalence of
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subjects receiving transmucosal analgesia in a 2-month
period in each ED was estimated as the ratio between the
number of patients receiving transmucosal analgesia and
the total number of patients receiving analgesics in the
same period. This prevalence was stratified for age groups
as described. To identify possible associations between
two categorical variables, the %* or the Fisher exact test
was applied, while the non-parametric Wilcoxon Mann-
Whitney test was used to assess the different distribution
of a continuous variable between categories of a qualita-
tive variable. A p value <0.05 was considered statistically
significant. Analyses were conducted using SAS software,
V.9.4 (SAS Institute, Cary, North Carolina, USA).

RESULTS

Survey

Among the 52 centres invited to the survey, 48 centres
(91%) filled in the questionnaire.

Among these, 37 centres (77%) were PEDs and 11
centres (23%) were general EDs. The average annual
census of the centres in 2021 was 20000 attendances per
year.

The intranasal and sublingual routes were employed
in 25 centres (52%). In particular, 13 centres (27%)
reported to use both the intranasal and sublingual route
for analgesia administration, 9 centres (19%) only the
sublingual route and 3 centres (6%) only the intranasal
route. 23 centres (48%) reported to not use the intra-
nasal or sublingual routes for analgesia.

30 centres (63%) reported using the intranasal route
to administer drugs, including drugs without analgesic
effects and 15 centres (31%) using the sublingual route.

Among the 16 centres that used the intranasal route
for analgesia, 15 centres (94%) reported to administer
only fentanyl and 1 centre (6%) fentanyl and ketamine.
15 centres (94%) reported to use the MAD to admin-
ister intranasal drugs. The administration was performed
by both emergency physicians and paediatricians in

13 centres (81%), and only by anaesthesiologists, in 3
centres (19%).

Among the 22 centres (46%) which reported to use
the sublingual route for analgesia, the drugs adminis-
tered were ketorolac in 17 centres (77%), tramadol in 14
centres (29%), morphine in 4 centres (8%) and parac-
etamol in 1 centre (5%). In all these centres, the sublin-
gual administration of analgesic drugs was performed by
emergency physicians and paediatricians.

Retrospective study

The 25 centres that reported to use the intranasal or
sublingual route for analgesia were invited to participate
in the retrospective study.

Among these, 12 centres (48%) participated in the
study. All of these were PEDs. The mean annual census in
2021 was 20000 visits.

During the study period, data about 3525 patients were
collected for a total of 3623 administrations of analgesia.
116 subjects (3.3%) were excluded due to the lack of
specification of the route of administration in the data-
base. Finally, 3409 patients with 3507 administrations
were analysed; 1954 (57.3%) were males. The median
age was 9 years (IQR 5-12). In particular, 32 (0.9%) were
infants (0-11months), 258 (7.6%) were toddlers (1-2
years), 595 (17.5%) were preschool children (3-5 years),
1679 (49.2%) were school children (6-12 years) and 845
(24.8%) were adolescents (13-17 years).

Overall, 2581 (73.6%) analgesics were administered
through the oral route, 453 (12.9%) through the intrave-
nous route, 337 (9.6%) through the sublingual route, 87
(2.5%) through the intranasal route, 40 (1.1%) through
the rectal route and 9 (0.3%) through the intramuscular
route.

3323 patients (97.5%) received analgesia through
a single route of administration. 86 patients (2.5%)
received analgesia through a combination of routes.

Table 1 shows the analgesics administered in relation
to the route of administration.

Table 1

Distribution of the analgesics administered in relationship with the route of administration

Routes of administration

Intranasal (n=87)

Sublingual (n=337)

Oral (n=2581) Intravenous (n=453)

Analgesics, n (%)

Paracetamol - 272 (80.7) 1762 (68.3) 298 (65.8)
Ibuprofen - - 759 (29.4) 8(1.8)
Ketorolac 1(1.2) 63 (18.7) 5(0.2) 52 (11.5)
Fentanyl 85 (97.7) - - 13 (2.9)
Ketamine - - - 38 (8.3)
Tramadol - 1(0.3) 6(0.2) 25 (5.5)
Paracetamol/codeine - - 13 (0.5) -
Morphine — — — 5(1.1)
Others 1(1.2) 1(0.3) 36 (1.4) 14 (3.1)
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Figure 1 Distribution of pain’s causes by route of administration

Paracetamol was used in 2377 cases (67.8%), ibuprofen
in 785 cases (22.4%), ketorolac in 124 cases (3.5%) and
fentanyl in 115 cases (3.3%). In general, 170 patients
(4.9%) received an opioid.

The intranasal route was used significantly more
frequently in males (p=0.0002).

Patients treated through the intranasal route were
significantly younger compared with patients receiving
analgesia through other routes, with a median age of 7
(IQR 5-10) and 9 (IQR 5-13), respectively (p=0.001).

No significant difference was found in the gender of
patients receiving analgesia through the sublingual route
(p=0.96).

Patients treated through the sublingual route were
significantly older compared with patients receiving
analgesia through other routes; the median age was 11
years (IQR 8-13) and 9 years (IQR 5-13), respectively
(p<0.0001).

Figure 1 describes the distribution of analgesics admin-
istered through the intranasal, sublingual, oral and intra-
venous routes in relation to the cause of pain.

The intranasal route was used in 79 cases (90.8%) for
injuries. In 85 cases (97.7%), patients received fentanyl.

The sublingual route was used in 193 cases (57.3%) for
injuries, 52 cases (15.4%) for abdominal pain, 49 cases
(14.5%) for musculoskeletal pain and 36 cases (10.7%)
for headache. The drugs administered through this route
consisted of paracetamol in 272 cases (80.7%), ketorolac
in 63 cases (18.7%) and tramadol in 1 cases (0.3%).
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In general, for every cause of pain, paracetamol and
ibuprofen were the analgesics most commonly employed.

DISCUSSION

This multicentre study showed that the use of the intra-
nasal and sublingual routes for the administration of
analgesia is still limited among EDs in Italy, with only 52%
of EDs using these routes. Moreover, among the centres
that reported to use the intranasal or sublingual routes
for analgesia, only 12.1% of patients received drugs
through these routes.

The intranasal and sublingual administration of drugs
is fascinating because it employs mucosal regions with an
extensive vascular supply and a high permeable epithe-
lium. The direct absorption of drugs into the systemic
circulation through these routes bypasses the first-pass
metabolism in the liver, increasing medications’ bioavail-
ability and shortening the onset of action.

From the early 2000s, several studies were published
about the usefulness of the intranasal route of adminis-
tration for analgesia. Intranasal fentanyl provided similar
analgesia to intravenous morphine in children with bone
fractures.” Moreover, it was successfully employed for
other causes of acute pain'’"* and to control procedural
pain."” ' Recently published trials showed a similar effi-
cacy of intranasal ketamine compared with intranasal
fentanyl."” '® A meta-analysis suggested that intranasal
analgesics are an excellent alternative to intramuscular
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analgesics in children with acute moderate to severe
pain, and they may be an alternative to intravenous
administration.""

Nevertheless, apart from trials and case series, to our
knowledge, no studies have assessed the use of the intra-
nasal route of administration of analgesia in the common
PED practice.

Likewise, several studies proved the usefulness of
sublingual analgesia for different causes of acute pain,
such as traumatic pain, abdominal pain and sickle cell
crisis.”*'” However, no previous data were available about
the actual use of the sublingual route of administration
in the PED setting.

This study demonstrated that the intranasal route was
strictly limited to the administration of fentanyl, and this
could be different from other settings in which ketamine
and ketorolac may be administered more frequently
through this route. Moreover, the administration of
fentanyl was limited in almost all cases to the treatment
of injuries.

Similarly, the sublingual route of administration was
substantially limited to paracetamol and ketorolac, resem-
bling an Italian practice, which could differ substantially
from other countries where opioids are more widely used
and more formulations are available."”

Regarding opioids, this study showed that in the Italian
PEDs, their use is consistent with thatreported in the PEDs
of the USA."® Considering the formulation of opioid used
in the present study, consisted of fentanyl in the 67.4% of
patients, tramadol in the 21.2%, paracetamol/codeine in
the 7.6% and morphine in the 3.5%. This distribution was
substantially different from that reported in a previous
multicentre PIPER study performed in 2014 and 2015,
in which patients received paracetamol/codeine in 52%
of cases, morphine in 27% and tramadol in 21%."" This
difference was related to the current limitation of the use
of codeine for children and mounting use of intranasal
fentanyl.”’

Considering that some participating centres reported
to use the intranasal routes for drug administration for
purposes different from analgesia, we can argue that, in
some of them, a limitation of the use of this route may be
related to the limited use of some analgesic agents, rather
than to the route itself. In Italy, in many ED settings,
the administration of fentanyl is still only allowed to
anaesthesiologists.

The present study was not primarily designed to inves-
tigate possible causes limiting the use of transmucosal
analgesia in clinical practice. Nevertheless, several issues
can be hypothesised. Evidence regarding sublingual anal-
gesia still lacks clear comparisons between the efficacy of
this route and the oral or intravenous one. Moreover,
drugs frequently administered via the sublingual route,
such as ketorolac and tramadol, are off-label in children
younger than 16 and 12 years of age, respectively. In
general, the transmucosal routes of administration for
analgesia are still off-label in Italy, thus limiting their use
in clinical practice. On the contrary, we cannot exclude

that there is still little awareness of the data in support of
their effectiveness, which could explain a possible limited
availability of MADs.

This study has several limitations. Due to the retrospec-
tive design, some cases may have been missed or misla-
belled. Moreover, we decided to limit the collection of
data to 2months to encourage participation. Therefore,
we cannot exclude that the use of analgesics could be
different in other periods of the year, considering the
usual different distribution of attendances across the
year. We decided not to collect data about analgesic effi-
cacy because, in our opinion, the latter can be rigorously
measured only through specifically designed randomised
controlled trials. Providing data about analgesic efficacy
in a study with the present design would have exposed
us to several biases, limiting the strength of our findings.

The data collection was limited to the PEDs, so it was
not possible to determine whether children accessing
general EDs were treated differently.

The study results reflected the Italian practice, and no
similar international data are available for comparisons,
thus limiting generalisability to other PED settings. On
the contrary, the multicentre nature and the consider-
able sample size strengthened the results and provided a
reliable picture of the current practice in the PED setting
in Italy.

In conclusion, this large multicentre study demon-
strated that the use of the intranasal and sublingual
routes to treat acute pain in the PEDs is still limited in
Italy. Future studies are needed to provide data from
other PED settings.
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