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ABSTRACT

Introduction Nurses frequently place a peripheral
venous catheter during children’s hospitalisation. Many
studies suggest treatment of venipuncture-related pain.
The administration of an equimolar mixture of oxygen
and nitrous oxide (EMONO) is employed for pain control;
however, no studies have analysed the association
between EMONO and audiovisuals.

The purpose of the study is to evaluate the effect of
EMONO administration when combined with audiovisuals
(EMONO+Audiovisual) versus EMONO alone on perceived
pain, side effects and level of cooperation during
peripheral venous access placement in children aged 2-5
years.

Methods and analysis The first 120 eligible children
admitted to the paediatric ward of the Lodi Hospital and
presenting the indication for peripheral venous access will
be enrolled. Sixty children will be randomly assigned to the
experimental group (EMONO-+Audiovisual) and 60 to the
control group (EMONO alone).

The Face, Legs, Activity, Cry, Consolability scale will be
used to assess pain in the children aged 2-years old; pain
in the children aged 3-5 years will be assessed using

the Wong-Baker scale. The cooperation throughout the
procedure will be measured using the Groningen Distress
Rating Scale.

Ethics and dissemination The Milan Area 1 Ethics
Committee approved the study protocol (Experiment
Registry No. 2020/ST/295). The trial results will be
presented at conferences and published in peer-reviewed
journals.

Trial registration number NCT05435118.

INTRODUCTION

Children experience numerous episodes of
pain resulting from care procedures during
illness. In these children, the consequences
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Validated tools for data collection contribute to re-
sults’ reliability.

= The intervention is economically sustainable and
generally available to all, as parents commonly own
the non-pharmacological device used (smartphone
to watch the audiovisuals).

= The monocentric study design could limit the gen-
eralisability of the results. The nature of the inter-
vention does not permit a double-blind study design.

of lack of protection from pain can result in
prolonged stressful situations.' * Inadequate
pain control can cause anxiety in children,*”
which may increase the perception of pain
during procedures,’ altering the relationship
with healthcare providers and reducing ther-
apeutic compliance.” The perceived pain may
also cause the child to fear facing subsequent
procedures.”

Peripheral venous catheter (PVC) place-
ment is the most frequently performed proce-
dure during hospitalisation, representing
a primary source of pain.” '” The literature
reports that more than 80% of hospitalised
children undergo PVC placement at least
once for both clinical (such as hydration
infusions, intravenous administration of ther-
apies, and blood transfusions) and preven-
tive purposes.'’ The Equimolar Mixture of
Oxygen and Nitrous Oxide (EMONO) is a
valuable tool for managing pain.' '* This gas
inhalation is indicated for short-term proce-
dural pain treatment in adults and children."”
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The mixture, contained in premixed cylinders, is deliv-
ered during the respiratory act, based on current lung
volume, at least 3 min before the procedure. The mixture
speed of action makes it an ideal pain management tool
for a full range of care procedures."* ' The mode of
EMONO action is not known yet. Experts believe that the
analgesic effects are due to supraspinal centres’ stimula-
tion, with consequent endorphin release in spinal cord
neurons and inhibition of transmission of pain signals to
higher brain levels.'® "

EMONO-related side effects are all minor, are mainly
gastrointestinal or affect the central nervous system;
examples of the most prevalent ones are nausea,
vomiting, dizziness or euphoria. The incidence of side
effects is between 4.4% and 37%." '* ' As indicated in a
recent Consensus Conference!® and in the literature,1 18
the safety level and the low incidence of complications
guaranteed by EMONO allow it to be administered by
properly trained nursing staff.*’

Literature suggests that combining medication
drugs with non-pharmacological tools can enhance the
analgesic effect of pharmacological principles. Non-
pharmacological tools might help reducing anxiety and
short-term procedural pain.” *' In particular, an Italian
experience suggests that watching audiovisuals improves
pain management and promotes child’s cooperation
during the procedure.?”” Cooperation is the ability to be
subjected to a procedure without external restriction
to avoid sudden movements and guarantee procedure
safety.”* Watching audiovisuals, such as cartoons,” or
videos on online platforms, such as Youtube or Youtube
Kids, is considered a passive distraction, as the child
is only partially engaged in managing the distractive
means.?® Thus, the association between EMONO and
distractive audiovisual content could strategically lead to
improved outcomes during painful procedures in chil-
dren. However, there is no available literature regarding
improving EMONO effects on perceived pain, side
effects and cooperation levels, when administered with
audiovisuals.

This project aims to evaluate the extent of the effect
of EMONO administration when combined with audio-
visual vs EMONO alone on perceived pain, side effects
and level of cooperation during peripheral venous access
placement in children aged 2-5 years.

STUDY OUTCOMES

Primary outcome measures

The primary outcome measures are pain and coopera-
tion. Cooperation will be measured with the Groningen
Distress Rating Scale,27—29 pain through the Face, Legs,
Activity, Cry, Consolability (FLACC)” and the Wong-
Baker”' scales. Details on instruments used are reported
in the ‘Measure’ section.

Secondary outcome measures
The secondary outcome measures are related to the
presence (or absence) of side effects throughout the

procedure. Symptoms will be collected using an ad hoc
instrument, as reported in the ‘Measure’ section.

METHODS AND ANALYSIS

Study setting and timeline

The study will be conducted in the paediatric ward, at
Lodi Hospital, Lombardy, Italy.

The first 120 eligible children between 2 and 5 years
and 364 days of age admitted to the paediatric ward and
presenting the indication for peripheral venous access
placement will be enrolled. The team will recruit eligible
subjects 24/7. Patient recruitment will begin in August
2023 and will last about 16 weeks.

Participants: inclusion/exclusion criteria

Children will be enrolled after parental or legal guardian
written consent to participate in the study. Children’s
parents or legal guardians must own a smartphone/tablet
connected to the internet.

Children younger than 2 years and older than 5 years
plus 364 days or whose parents or legal guardians do not
consent to participate will be excluded from the study.
Children presenting contraindications for EMONO
administration (including the administration of intra-
nasal drugs) with a facial pathology or malformations that
would prevent proper face mask application and adher-
ence will not be eligible for recruitment. Children with
a tracheostomy, oxygen therapy or need for emergency
treatment will also be excluded.

Study design and interventions

This study is a randomised, open-label, controlled trial
comparing the experimental group (EMONO-+Audio-
visual) versus the control group (EMONO alone) on
perceived pain, level of cooperation and side effects
during the peripheral venous access placement proce-
dure. The EMONO used in the study will be AirLiq-
uide Kalinox in 5L cylinders with a demand valve; the
company supplying the product is not a study sponsor
and is not involved in the research project. AirLiquide
collaborated with Lodi Hospital exclusively in the initial
stages of implementing EMONO in the standard care
practice. Venous access will be performed using BD Saf-
T-Intima devices sized from 20 G to 24 G. The choice of
the needle size will depend on the vein gauge, the avail-
ability of venous supply, and the nurse’s discretion. The
BD company is neither a study sponsor nor it is involved
in the research project implementation.

Study conductance

The use of EMONO will take place per internal proce-
dure in use at Lodi Hospital. The EMONO is adminis-
tered based on a doctor’s prescription by trained nursing
staff. The training course consists of a theoretical part
that will last at least 2hours and will be carried out by
professionals experienced in using EMONO, followed by
at least 3 EMONO supervised administration procedures.
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Four trained nurses from the paediatric ward will be
employed; the principal investigator (PI) (SM) will coor-
dinate the study conduction. The involved personnel
will meet to reach a prestudy consensus on intervention
delivery and criteria for data collection.

The researchers will welcome eligible children and
their parents or legal guardians in a dedicated room, and
the nurse will explain the peripheral venous access place-
ment procedure. The PI will provide parents or legal
guardians with comprehensive information about the
study; parents or legal guardians will have the chance to
ask any questions and take all the needed time to decide
if signing the informed consent. On agreement to partici-
pation, fasting will be prescribed by the referent physician
for EMONO administration. Specifically, the fasting time
to be observed consists of 6 hours of abstaining from solid
foods and milk, 4 hours from breast milk and 1 hour from
clear liquids (water, fruit juice without pulp, carbonated
drinks and clear tea).

Before starting the procedure, researchers will record
the child’s level of cooperation to have a baseline score.
At the beginning of the procedure, a peripheral SpO,
monitor will be placed, and the nurse will choose an
appropriate face mask for the child. The child will take
a supine position on the crib, and the nurse in charge
will apply the EMONO inhalation face mask with an
on-demand valve for at least 3min before starting the
procedure.

Being the standard treatment, EMONO will be deliv-
ered to all enrolled children (in the control and exper-
imental arms). Parents or legal guardians of children in
the experimental group will own a smartphone/tablet
connected to the Internet. The device will be used to show
the experimental-arm children a video on the Youtube
or Youtube Kids app during EMONO administration. In
the absence of child’s favourite videos at hand, the child
will be provided with a list of videos to choose from; this
guarantees that videos are prevetted and consistent across
the intervention group, thus reducing variability from
this source. The video should last for the entire proce-
dure; therefore, parents will be advised to choose a video
of a minimum length of 5min. Researchers will record
any issues with the video playback (eg, video freeze-up)
on the study logbook. In the case of persistent playback
issues during the procedure, the data collection will be
interrupted, and the patient will be excluded from the
final analysis.

Researchers will invite and educate the children to
independently ensure and maintain the correct face mask
position. If the child’s age is unsuitable for guaranteeing
the proper face mask position, the parent, legal guardian
or healthcare professional will support her/him. If the
child is unable, the parent or the legal guardian will
ensure the proper phone/tablet position for watching
and listening to the contents. This process will take place
at least 3min before starting the procedure and will last
until procedure’s conclusion, when EMONO’s adminis-
tration will be discontinued.

Measures

Cooperation throughout the procedure will be measured
using the Groningen Distress Rating Scale.” % The Gron-
ingen Distress Rating Scale consists of a five-point Likert
scale: the minimum score describes the calm and coop-
erative child; the maximum score represents the unco-
operative child with a panic attitude. Pain assessment in
the children aged 2 years old will be conducted through
the FLACC* scale, whereas assessment in children aged
3-5 years old will be based on the Wong-Baker scale.”
The FLACC scale consists of five items referring to two
body districts (face and legs), the overall behaviour of the
child, and crying and consolability. Each item can achieve
a score from 0 to 2. The Wong-Baker scale allows the
child to describe the pain level by choosing from one of
six proposed faces ranging from a happy face at 0 (corre-
sponding to the absence of pain) to a crying face at 10
(representing the worst pain ever experienced), with four
intermediate faces representing 2 points each.

The incidence of retching (ie, an involuntary phenom-
enon due to contraction of the diaphragmatic and abdom-
inal muscles that precedes or accompanies V0miting32)
and vomiting (ie, the forced emission of gastric contents
from the mouth™) will be collected by employing an ad
hoc tool whose total score ranges from 0 to 3. Specifically,
0 indicates the absence of symptoms, 1 the presence of
symptoms that do not require medical intervention or
treatment, 2 the presence of symptoms requiring medical
evaluation but not treatment and 3 indicates the pres-
ence of symptoms requiring medical intervention and
treatment. We created this ad hoc tool due to the absence
of a validated instrument for assessing the symptoms of
interest.

Except for the Groningen Distress Rating Scale (admin-
istered also before the procedure starts), researchers will
administer each scale once to collect data during the
procedure.

Data collection: quality management and storage
Researchers will collect data during the procedure; no
further follow-ups are planned. Data for each measure-
ment will be reported on paper and then recorded elec-
tronically. All paper-collected data will be marked with a
study identification number to prevent participant identi-
fication and kept in locked storage. Only the PI will have
access to the data.

Adverse events

Patients’ safety will be monitored during the procedure
by nurse staff who will look at unexpected clinical mani-
festations. According to the Lodi Hospital procedure, a
pulse oximeter will also be applied to each child when
the EMONO administration starts and kept until the end
of the procedure. Participant’s parents or legal guardians
will receive a study information sheet containing explicit
details regarding healthcare professionals to contact in
case of adverse events.
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Analyses
We will use descriptive statistics for summarising the
study participants’ sociodemographic, clinical and care
characteristics. A ” test will be used to assess potential
differences in the proportions between the two groups
for the following variables: age, sex, previous venipunc-
tures, previous venipunctures during hospitalisation, the
calibre of venous access, level of cooperation (Groningen
Distress Rating Scale), number of attempts at peripheral
venous access placement and incidence of vomiting. The
Kruskal-Wallis test will allow to describe differences in the
distribution of pain (as detected by the two scales) in the
experimental and control groups. All the statistical anal-
yses will be performed using the current version of the R
software.”* We will consider a p<0.05 as significant.

A sensitivity analysis will be performed between prepro-
cedure and postprocedure data collected with the Gron-
ingen Distress Rating Scale.

Power and sample size

The primary outcomes are perceived pain and coopera-
tion detected during peripheral venous access placement
as measured according to the corresponding score. A
sample size of 48 subjects allows detection of an effect size
on cooperation W of 0.5 (large) using a X2 test with 4 df
(df=(5-1) times (2-1)=4) 80% power and a significance
level (alpha) of 0.05. If the effect size W is 0.3 (medium
level), 133 subjects guarantee 80% power in a 4 df X2 test
with a significance level (alpha) of 0.05.

The effect size (W) was used by Cohen (1988) because
it does not depend on the sample size, with the suggestion
of the effect size cut-offs of 0.1 (small), 0.3 (medium) and
0.5 (large) as rough guidelines to help calculate sample
sizes in studies. For this study, a total of120 subjects will
allow for an effect size between medium and large with
a drop-out of about 20% and the usual assumptions of
alpha=0.05and power=0.80.

Blinding and randomisation

Patients will be randomly assigned to the intervention
or the control group with an allocation ratio of 1:1 until
the desired sample size is reached. The PI will create the
randomisation list through the ‘random’ function of
Microsoft Excel 2010. Sequentially numbered opaque
sealed envelopes will contain the allocation group: 60 for
the experimental group (EMONO+Audiovisual) and 60
for the control group (EMONO alone).

The nature of the intervention does not allow blindness
to be applied: the nurse and the enrolled subjects will
be aware of the allocated treatment, and the nurse will
report the observed data during the procedure. However,
blinding will be enforced in the data entry phase as it
will be performed by research assistants, who will not be
aware of the subject’s assigned group.

Patient and public involvement
This study has been designed to identify a well tolerated,
child-centred intervention which also involves parents.

A deep literature search and assessment of children/
parents’ priorities, experiences and preferences have
guided the development of the research question and
outcome measures, although patients have not been
directly involved in the study design.

Children will be our source of data on the topic. For
this reason, we would like to disseminate the study results
to children’s parents or legal guardians by publishing the
manuscript in an open-access journal. Patients have not
previously assessed the burden related to the interven-
tion; however, findings from the literature have reported
that the intervention adopted in this study should not
cause any burden or discomfort to patients.

ETHICS AND DISSEMINATION
The Milan Area 1 Ethics Committee approved the study
protocol (Experiment Registry No. 2020/ST/295). The
study was also registered on ClinicalTrials.gov (regis-
tration number NCTO05435118). The researchers will
provide parents or legal guardians with all information
related to the study. Procedural pain treatment will be
provided to all children participating in the study in the
experimental and control groups through the adminis-
tration of EMONO. As specified in the informed consent,
equal treatment will be adopted for all the children, even
in case of dissent to participate in the study. Also, children
can withdraw from the study at any time.

The results of the study may be presented at confer-
ences and will be published in peer-reviewed journals.

DISCUSSION

The study emphasises the importance of procedural
pain treatment in the paediatric setting. As children may
experience adverse consequences from failure to treat
pain,” proper pain treatment is pivotal to guaranteeing
a better hospitalisation experience. This study investigates
the effects of combining EMONO with distractive devices
compared with EMONO alone in children undergoing
peripheral venous access placement.

The study involves the administration of EMONO by
trained nurses, who are most frequently close to hospi-
talised children. The choice of EMONO derives from its
ease of use, speed of action and low side effects incidence.
The study could have investigated additional side effects,
such as nausea and dizziness; however, we believed it is
unlikely that these symptoms are reported in a reliable
way by the youngest children enrolled and for this reason
we excluded them from the list of available side effects to
be reported.

The choice of distractive means (YouTube or YouTube
Kids) will be undertaken because of the spreading avail-
ability of smartphones and a free corporate Wi-Fi network
which allows access to online content. In addition, the
parent can deliver the distractive tool without involving a
healthcare provider.
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The study sample was designed to include the most
vulnerable paediatric age group. However, we had
included children above 2years of age because smart-
phone exposure for children younger than that age is not
recommended.”™ * The freedom to choose which video
to use is motivated by the desire to increase the audio-
visual tool’s distractive power and meet every child’s
preferences.

Whether the hypothesis of increased cooperation
during the procedure is confirmed, children may cease
to face body restraint by a second nurse during the PVC
procedure, making the experience less traumatic.

Although the literature offers many studies on the effi-
cacy of audiovisual tools in reducing pain,**™** we want to
proceed by administering EMONO as usual care in our
research. EMONO is safe, and it would not be ethical not
to distribute it to children. For this reason, even though
results from a study comprehending a third arm with
audiovisual alone would be feasible, we would not suggest
this option.
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