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KEYWORDS Abstract
Virtual reality; Objective: To assess the efficacy of virtual reality (VR) in reducing pain and anxiety associated
Pain; with scheduled blood draws.
Anxiety; Material and methods: We conducted multicentre randomized clinical trial in both primary care
Analgesia and hospital settings. The study included children aged 7-12 years undergoing blood extraction

procedures between March and October 2022. The intervention group used headsets, and the
control group received usual care. Pain was assessed using the visual analogue scale and anxiety
using the Groningen Distress Scale. The anxiety of the nursing staff and family satisfaction were
assessed with numerical scales ranging from 1 to 10.

Results: The study included 83 patients: 40 in the control group and 43 in the VR group. The
median age was 10 years (range, 7—12 years). In the VR group, 83.7% of the children reported
mild pain, compared to 57.5% in the control group (P=.012). Also, 93% of children in the VR
group showed calm or mild anxiety (score, 1—-2), compared to 72% of the control group, a
difference that was not statistically significant (P=.08). Family satisfaction was higher in the
RV group (score > 9/10: 93% of RV group vs 72.5% of control group; P=.026). The nursing staff
anxiety score was less than 5 in more than 90% of cases, with no differences between groups
(P=.13).

Conclusion: The use of VR during venepuncture decreases the pain perceived by children and
increases the satisfaction of their families.
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PALABRAS CLAVE
Realidad virtual;
Dolor;

Ansiedad;
Analgesia

Utilidad de la realidad virtual en el manejo del dolor asociado a venopuncion: ensayo
clinico aleatorizado multicéntrico

Resumen

Objetivo: Comprobar la eficacia de la realidad virtual (RV) en la disminucion del dolor y ansiedad
asociados a extracciones sanguineas programadas.

Material y Métodos: Ensayo clinico aleatorizado multicéntrico realizado en atencion primaria
y hospitalaria. Se incluyeron los pacientes de 7 a 12 anos que acudieron entre marzo y octubre
de 2022 a realizarse una extraccion sanguinea programada.

En el grupo intervencion se utilizaron gafas de RV y en el grupo control cuidados habituales. Se

evaluo el dolor mediante la Escala Visual Analdgica y la ansiedad mediante la Groningen Distress
Scale. Se evalud la ansiedad de enfermeria y la satisfaccion de los familiares, mediante escala
numeérica del 1al 10.
Resultados: Se incluyeron 83 pacientes: 40 en el grupo control y 43 en el grupo RV. La mediana
de edad fue de 10 anos (rango de 7 a 12). EL 83,7% de los nifios en el grupo RV refirié dolor leve,
frente al 57,5% del grupo control (p=0,012). EL 93% del grupo RV mostro calma o ansiedad leve
(puntuacion 1-2), frente al 72% del grupo control, aunque sin diferencias estadisticamente
significativas (p=0,08).

La satisfaccion de los familiares fue mayor en el grupo RV (>9/10: 93% de RV vs 72,5% de con-
troles, p=0,026). La ansiedad de enfermeria fue < 5 en mas del 90% de los casos, sin diferencias
entre grupos (p=0,13).

Conclusiones: El uso de RV durante la venopuncion disminuye el dolor percibido por los nifios y
aumenta la satisfaccion de sus familiares.

© 2023 Asociacion Espafola de Pediatria. Publicado por Elsevier Espafia, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Certain procedures, such as routine blood draws, can cause
pain, anxiety or fear in children. Pharmacological and
non-pharmacological sedation and analgesia techniques are
available to manage procedural pain and anxiety.

One of the most commonly used pharmacological meth-
ods to manage procedural pain is the administration of
topical anaesthetics such as lidocaine/prilocaine. For pro-
cedural anxiety, drugs like nitrous oxide or intranasal
midazolam may be useful." For procedures that cause severe
pain, drugs like morphine, fentanyl or ketamine can be
administered intravenously.

Non-pharmacological methods can be combined with
pharmacological methods. They can be classified into’:
support methods (presence of family members), cogni-
tive methods (active and passive distraction), behavioural
methods (deep breathing) and physical methods (local cold
therapy).

A literature review that evaluated the evidence pub-
lished between 2005 and 2015° found that certain toys or
games may be effective in reducing the pain and anxiety
associated with venepuncture. Some of them were musical
tables, videogames, virtual reality (VR) goggles and kaleido-
scopes.

Virtual reality is an active distraction method. It is
defined as an immersive, interactive and three-dimensional
computer-generated environment.* Immersion in VR helps
to reduce the awareness of painful stimuli, which offers an
advantage compared to other distraction methods.

Different devices are available to use VR.* Some head-
sets have an integrated screen and headphones and others
require the attachment of a mobile phone. The latter tend
to be more affordable and may be used since 4 years old.
Headsets with integrated screens and headphones are not
appropriate for younger children, since the interpupillary
distance setting cannot be adjusted.

Numerous studies have assessed the use of VR for mana-
gement of procedural pain in the paediatric population.®*
Most have been conducted in inpatient or emergency care
settings in patients who underwent catheter placement or
blood tests.>” Few studies have assessed the use of VR in
routine blood draws, and most of them have been conducted
in hospital settings.®’

The aim of our study was to test the efficacy of VR in redu-
cing pain and anxiety associated with routine blood sample
collection in paediatric patients in both the hospital and
primary care settings.

Material and methods

Study design

We conducted a multicentre open-label randomized clinical
trial with participation of 5 primary care centres and the
2 regional hospitals located in the same health area of the
Valencian Community, Spain. The study was carried out in
adherence to the CONSORT guidelines.'® Patients were allo-
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cated in a 1:1 ratio to the intervention group (use of VR
during blood draw) or the control group (standard care).

Population, sample and randomization

We calculated the sample size out of the total population
aged 7-12 years who had undergone routine blood draws in
our health area in 2019 required for a power of 90%. The
calculated minimum was of 80 patients.

Eligible candidates were patients who visited participat-
ing centres to undergo blood tests during the recruitment
period (March to October 2022).

We recruited children aged 7-12 years who assented and
whose parents or legal guardians consented to participation
in the study by signing the informed consent form. The min-
imum age was set at 7 years because visual development is
complete, and the maximum at 12 years to avoid an overly
broad age range, so that the same VR video could be used
for the entire sample.

We excluded patients with psychomotor or neurodevel-
opmental delay, in whom assessment of anxiety would be
complicated. Patients with visual or hearing impairments
were also excluded, as we were unable to adapt the RV
headset to their particular conditions.

To carry out the study, we randomised patients
by means of the Research Randomizer software tool
(https://www.randomizer.org/). The tool generated 7
sequences (one per participating centre) that randomly
assigned the numbers 1 (intervention) and 2 (control) to 30
specific positions. After obtaining the 7 sequences, the prin-
cipal investigator prepared 30 closed envelopes containing
the words ‘‘intervention’’ or *‘control’’, following the order
established by the randomly generated sequences. The allo-
cation envelopes were marked successively with numbers
1 through 30 so that the nurses, after recruiting patients,
would open the corresponding envelope and know the group
the patient had been allocated to. This way, nurses did not
know which group the patient was going to be allocated to
until they had been recruited.

The study protocol consisted of:

1 Informing the patient.

2 Obtaining signed informed consent.

3 Opening of the envelop specifying the group allocation.

4 Blood draw conducted by the standard procedure or with
VR depending on group allocation.

At the time of enrollment, each patient was assigned a
code for data pseudonymization.

Study protocol

In the intervention group, patients wore an Oculus Quest
2 VR headset (Meta, California, USA) that played a video
from the moment the supplies started to be prepared to
the moment pressure was applied to the puncture site. The
video was a short film titled ‘‘Henry’’. It is a cartoon aimed
at young children in which the main character is a hedge-
hog that celebrates his birthday with animal-shaped balloons
that come alive.

In the control group, venepuncture was carried out per
the standard protocol (distraction method with nurses talk-
ing to the patient).

All the blood draws were performed by the same nurses.
Before recruitment, all the nurses that would collaborate
in the study attended a meeting. One or two nurses were
included per participating centre; they were nurses usually
tasked with performing routine blood draws in their respec-
tive facilities and the only ones who performed blood draws
included in the study. In the meeting, they were trained on
the use of the RV headset and informed of the study pro-
tocol. They also received all the material required for the
study (headset and documentation).

Study variables
Independent variables:

- Age

- Sex

- History of recent venepuncture (<6 months)

- Presence of family members

Outcome variables:

none- Pain (visual analogue scale) (Fig. 1).

none- Patient anxiety (Groningen Distress Scale) (Table 1).

none- Number of attempts required for extraction.

none- Time required for the technique (minutes), per

attempt, from application of tourniquet to compres-

sion of puncture site.

Degree of difficulty of the draw as perceived by the

nurse (rated as easy, normal or difficult).

Family satisfaction (numerical scale from 1 to 10,

with 1 representing ‘‘not at all satisfied’’ and 10

‘very satisfied’’).

none- Anxiety experienced by the nurse who carried out
the procedure (numerical scale from 1 to 10, with 1
representing ‘‘totally calm’’ and 10 ‘‘very anxious or
nervous’’).

none-

none-

Ethical considerations

The study was approved by the competent ethics committee
(CEIm 02/2022, project no 37/2021). All participants and
their family members were informed and signed the consent
form to participate in the study. The study was registered in
ClinicalTrials.gov with NCT number NCT05902585.

Statistical analysis

The collected data were entered in a database created for
the purpose with the software SPSS version 26 (IBM Corp,
Armonk, NY, USA), safeguarding the confidentiality of the
patients.

We carried out a descriptive analysis of the data. Quanti-
tative variables were expressed as mean and standard devia-
tion if the data followed a normal distribution, or otherwise
as median and range. Qualitative variables were expressed
as absolute frequency and percentage distributions.
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Figure 1  Visual analogue scale.
Table 1  Groningen distress scale.
Rating State of child Muscle tension Crying
1 Calm, no crying No No
Mild distress, no crying Makes fists, pale knuckles, grinds No
teeth, closes eyes, contracted
muscles, rigid body
3 Distress and some crying Same as 2 Intermittent
4 Distress and continuous crying Same as 2 Continuous
5 Aggression/yelling/physical resistance Agitation, violent movements of Continuous, screaming

torso and extremities,
considerable resistance to
procedure

To assess the association between two variables, we com-
pared frequencies by means of the Fisher exact test in the
case of comparing 2 dichotomous variables and the x? test
in the case of comparing variables with more than 2 cate-
gories. Since a nonparametric test was required, we used
the Mann-Whitney U test to assess if there were differences
in individual variables between groups, and we analysed
the association between two variables with the Spearman
correlation coefficient.

To estimate the number needed to treat (NNT), we cal-
culated the reduction in absolute risk for mild pain and
anxiety between the intervention and control groups. The
level of statistical significance was established at 0.05 for
all statistical tests.

Results
Characteristics of the sample

The sample included 83 patients with a mean age of 9.7
years (SD, 1.7), of who 44.6% were female.

After random allocation, 40 patients were included in
the control group (standard care) and 43 in the intervention
group (VR). There were no losses to follow-up.

Both groups were comparable, as there were no statisti-
cally significant differences in their characteristics (Table 2);

21.7% of participants had undergone venepuncture in the
past 6 months. Ninety-five percent of the children were
accompanied by a relative during the procedure.

Analysis of the outcome variables

The perceived pain, assessed with the visual analogue scale,
was milder in the VR group (Fig. 2), a difference that was
statistically significant (P=.012) (Table 3). In the VR group,
83.7% of children reported absent or mild pain compared to
57.5% of controls. This corresponds to a 26% reduction in
the frequency of pain in children, and therefore, the NNT
for one child to report mild pain is of 4 children.

The assessment of anxiety by means of the Groningen
Distress Scale found calm (rating of 1) or mild anxiety (rating
of 2) in 81% of the children, without statistically significant
differences between groups (P=.08) (Table 3). However, in
the control group there were 6 patients with scores greater
than 3 on the Groningen Distress Scale, while there were no
patients with this score in the intervention group (Fig. 3). Of
the children who wore the headsets, 93% reported no anxiety
or mild anxiety, compared to 72% of controls. Therefore, the
NNT to reduce anxiety in one child with VR is of 6 children.

In 93% of cases, the blood draw was successful on the
first attempt, only five children required a second attempt
and one more than 2 attempts. The mean time elapsed from
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Table 2 Characteristics of each group.

Characteristic Control group (n=40) Intervention group (VR) (n=43) P
Age in years (median and range) 9 (7-12) 10 (7—12) .912
Sex. n (%) 41°
Female 16 (40%) 21 (48.8%)
Male 24 (60%) 22 (51.2%)
Accompanied by family. n (%) 37 (92%) 42 (97%) .35¢
Previous venepuncture. n (%) 9 (22.5%) 9 (20.9%) .86°
Successful blood draw at first attempt. n (%) 36 (90%) 41 (95%) .51°
Duration in minutes (median and range) 1(1-2) 1(1-3) T7?
@ Mann-Whitney U test.
b 2 test.
¢ Fisher exact test.
20 PAIN:
visual
analogue
scale
H1
m:
> (k]
2 m-
% He
f~: 5
g [_E]
8
<
CONTROL VIRTUAL REALITY HEADSET
Figure 2 Perceived pain reported with the visual analogue scale in the intervention and control groups.
Table 3 Anxiety and pain in scheduled blood draws.
Control group (n=40) Intervention group (VR) (n=43) P2
Pain: Visual analogue scale 0-3 23 (57.5%) 36 (83.7%) .012
4-7 15 (37.5%) 6 (13.9%)
8-10 2 (5%) 1 (2.3%)
Anxiety: Groningen Distress Scale 1 18 (45%) 22 (51.1%) .081
2 11 (27.5%) 17 (42.5%)
3 5 (12.5%) 4 (9.3%)
4 5 (12.5%) 0
5 1 (2.5%) 0
Family satisfaction (increasing order) 1-5 2 (5%) 0 .026
6-8 18 (45%) 3 (6.9%)
9-10 29 (72.5%) 40 (93%)
Nurse anxiety 1-5 38 (95%) 42 (97.7%) .13
6-8 2 (5%) 1(2.3%)
9-10 0 0
Difficulty of blood draw Easy 19 (47.5%) 29 (67.4%) .01
Normal 18 (45%) 7 (16.3%)
Difficult 3 (7.5%) 7 (16.3%)

a 42 for the different ratings of the variable. Results were grouped to facilitate interpretation.
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the application of the tourniquet to compression after com-
pletion of the blood draw was of 1min and 40s, with no
differences between groups (Table 2).

Based on the nurse reports, 58% of the blood draw proce-
dures were easy, 30% had the average level of difficulty and
12% were difficult.

Family members reported a satisfaction greater than or
equal to 9 in 93% of cases in the VR group compared to 72.5%
in the control group (P=.026). None of the patients expe-
rienced adverse effects from the use of VR, although some
participants reported that the headset felt too heavy.

Nurses rated their level of anxiety below 5 points (on a
scale from 1 to 10) for more than 90% of blood draws in both
groups (P=.13) (Table 3). However, nurses reported diffi-
culty performing the procedure less frequently with the use
of VR headsets (P=.01).

In respect of the care setting, 77% of blood draws were
performed in primary care and 23% in hospital. We did not
find differences in the pain ratings based on the setting
where the procedure was performed (P =.13). Children also
did not experience greater anxiety at the hospital (P=.37).
There were also no differences in the anxiety or the dif-
ficulty reported by the nurse performing the procedure
(P=.15 and P=.13, respectively). Family satisfaction was
high in both care settings (P=.10) in both the intervention
and control groups.

In the overall sample, we found a significant correla-
tion between the pain and the anxiety experienced by the
child (rs=0.4; P=.001 [2-tailed]), and an inverse correlation
between the pain reported by the child and the satisfaction
of the family (rs=-0.39; P=.001 [2-tailed]) (Table 4). Anx-
iety in the nurse correlated to anxiety in the child (rs=0.5;
P=.001 2-tailed) and both were inversely correlated to
family satisfaction, although the association was only signifi-
cant with nurse anxiety (rs = —0.5; P=.001 [2-tailed]). These
associations persisted in the analysis by group, both in chil-
dren who used VR headsets and in children who received
standard care (Table 5), with a weaker correlation in the
intervention group.

VIRTUAL REALITY HEADSET

Level of anxiety reported with the Groningen Distress Scale in the intervention and control groups.

The history of a previous blood draw in the past 6 months
was not associated with the degree of anxiety (P=.39) or
pain (P=.48) in the children, nor with the difficulty of the
procedure (P=.33).

Discussion

Our findings showed a statistically significant reduction in
the pain associated with venepuncture, supporting the use
of VR as a distraction method for the reduction of pain in
children.

When it came to anxiety, although our study focused
on scheduled blood draws in which the level of anxiety of
patients and families is probably lower compared to emer-
gency situations, it would have been preferable to assess
anxiety before and after the procedure, and not only after.

It is interesting that only 4 children need to be treated
to reduce the level of pain to mild in one child, and only 6
to reduce the level of anxiety in one child to mild or absent.
This supports the efficacy of VR, although we did not analyse
the extra time it takes nurses to perform the procedure with
the addition of this technique.

The care setting where the procedure took place had
no impact on the outcomes. A possible explanation is that
all the nurses that participated in the study had more than
10 years of experience and routinely performed scheduled
blood draws.

In our study, we found that pain and anxiety were cor-
related in patients, which may have been related to the
fact that both were assessed at the end of the procedure.
As expected, we found that pain and anxiety in the child
were inversely correlated to family satisfaction. The level of
anxiety reported by nurses increased with the level of pain
and anxiety reported by the patients. This was consistent
with the findings of a recent study conducted in hospitalised
patients in Spain."’

The correlation persisted in the independent analyses of
each group, with a lower P value in the VR group. This may
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Table 4 Correlation of patient anxiety and pain with nurse anxiety and family satisfaction.

Pain: Visual
analogue scale

Anxiety:
Groningen
Distress Scale

Family
satisfaction

Anxiety: Groningen Distress Coefficient 0.40°
Scale P (2-tailed) .000
Family satisfaction Coefficient —0.392 -0.21
P (2-tailed) .000 .058
Nurse anxiety Coefficient 0.35¢ 0.51¢ —0.50%
P (2-tailed) .001 .000 .000
a Spearman correlation. The correlation was considered significant if P < 0.01 (2-tailed test).
Table 5 Correlation analysis of patient pain and anxiety in the intervention and control groups.
Pain: Visual Anxiety: Family Nurse
analogue Groningen satisfaction anxiety
scale Distress Scale
Pain: Visual Coefficient 1 0.47° —0.382 0.39°
analogue scale 0.27 —0.34° 0.30?
P (2-tailed) .002 .01 .001
.08 .02 .05
Anxiety: Coefficient 0.47° 1 -0.19 0.50°
Groningen Distress 0.27 —0.14 0.48°
Scale P (2-tailed) .002 .24 .001
.08 .34 .001
Family satisfaction Coefficient —0.38? —0.19 1 —0.59°
—0.34° —0.14 —0.37°
P (2-tailed) .01 .24 .000
.02 .34 .016
Nurse anxiety Coefficient 0.39° 0.50° —0.59° 1
0.30° 0.48° —0.37°
P (2-tailed) .001 .001 .000
.05 .001 .016

In each cell, the first value corresponds to the control group and the second to the intervention group. Spearman correlation.

a Significant if P<.05 (2-tailed test).

b The correlation was considered statistically significant if P< 0.01.

be due to the reduction in pain and anxiety achieved with
the use of VR.

There is previous evidence of an increase in pain associ-
ated with a previous history of painful procedures, especially
those involving needles.'””> However, in our study we did
not find an association between the level of pain or anxi-
ety and the history of venepuncture in the past 6 months.
The absence of correlation may have been due to the small
number of children that had recently undergone venepunc-
ture.

Numerous studies have assessed the use of VR for anal-
gesia, but they vary widely in terms of the type of patient
and the type of procedure, as reflected by a meta-analysis
published in 2019." Most studies in the literature have been
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conducted in the emergency care setting.’”’ In Spain, one
example is a randomised clinical trial® that assessed the pain
and anxiety associated with venepuncture and peripheral
catheter insertion in a group that used VR and a control
group that received standard care (distraction with objects
and questions about the patient’s daily life). In this study,
the mean scores in pain (Wong and Baker scale) and anxiety
(Groningen Distress Scale) were inferior in the VR group,
although the differences were not statistically significant,
probably on account of the small sample size (17 partici-
pants).

At the international level, there are studies in larger
samples that allowed statistically significant results. For ins-
tance, a randomised trial conducted in 136 participants in
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an emergency department® found a statistically significant
reduction in pain and fear scores in the VR group. Another
randomised clinical trial was conducted in 149 patients
who underwent scheduled venepunctures.' In this case, the
authors found a statistically significant reduction in pain and
anxiety in the VR group.

Concerning the limitations of our study, we ought to high-
light the impossibility of blinding, as the nurse that managed
the patient also opened the allocation envelope and fitted
the VR headset for patients in the intervention group. After
the blood draw, the same nurse recorded the results in the
data collection form. Therefore, patients and their fami-
lies as well as nurses were aware of the group to which the
patient had been allocated.

A second potential limitation is selection bias, which
would mainly affect the reported satisfaction of families,
as the most cooperative families are the ones that accepted
participation in the study. In addition, recruitment of chil-
dren was difficult in some centres, as there were families
that refused participation thinking that they did not have
time for the entire process (information, opening of enve-
lope and performance of the procedure). This difficulty
would be less frequent in studies conducted in inpatients
or in the emergency department, as families and children
would not be constrained by the need to get to work or to
school.

Another aspect that must be taken into account is the
subjectivity intrinsic to some of the scales used in the study.
The visual analogue scale and the Groningen Distress Scale
have been validated in different paediatric studies.' "
However, the scales used to assess the anxiety of nurses or
family satisfaction had not been previously validated.

Last of all, the headsets used in the study were too large
for some participants, so this aspect must be considered in
the planning of future studies using VR.

In conclusion, the use of VR headsets during venepunc-
ture achieved a reduction in the pain and anxiety reported
by children, although the difference in anxiety was not sta-
tistically significant. Families reported greater satisfaction
with the use of VR headsets, and nurses decreased diffi-
culty in performing the procedure. Therefore, based on our
experience, it is reasonable to conclude that the use of VR
headsets is beneficial for the patient, the family and the
health care staff.
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