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Abstract
Introduction: Esophagogastroduodenoscopy (EGD) is a pain-related procedure with possible
negative consequences in children. We aimed to prospectively compare three pain management
approaches in deep sedated-EGD: Intravenous Midazolam (IVm), Virtual Reality (VR) +IVm, and
Intranasal Midazolam (IN) +IVm, according to standard of care procedures.
Materials and Methods: 72 children aged between 4 and 18 years old were randomly assigned to
one of the groups (30IV, 30VR, and 12IN). Age, sex and baseline Children Emotional Management
Scale (CEMS) were collected. Primary outcomes of the study were the self-reported (Visual Analog
Scale, VAS) and observed pain (Face, Legs, Activity, Cry, Consolability Scale, FLACC). Secondary
outcomes were a combined VAS+FLACC scale, pain rated by parents (Numerical Rating Scale,
NRS), operator’s satisfaction, midazolam administered, presence of anterograde amnesia, time to
discharge and side effects encountered. The Kruskal-Wallis and Fisher tests were used to test the
effects of our interventions.
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Results: No significant differences in age, sex and CEMS were encountered. The VR group reported
significantly lower pain than IV and IN groups (median VAS VR:0, IV:2, IN:5, p=0.0045; median
FLACC VR:2, IV:4, IN:3.5, p=0.0204; median VAS+FLACC VR:3, IV:7, IN:9.5, p=0.0002, median
NRS VR:0, IV:2.5, IN:3.5, p=0.0003). Amnesia covered EGD + venipuncture in IN group (75%), but
only EGD in VR and IV groups (100%) (p<0.001). Side effects occurred at a rate of 83% in IN, 56%
in VR, 33% in IV (p=0.0115). No other significant differences were observed.
Conclusion: VR distraction reduces pain perception in children during EGD, without compromising
the technical result of the procedure. This pilot study sets the stage for further investigations on the
use of VR to improve pediatric patient’s care and outcomes.
Keywords: Esophagogastroduodenoscopy; Pain; Virtual reality

Introduction
Esophagogastroduodenoscopy (EGD) is an essential, but invasive diagnostic procedure.
It allows the detection of common gastrointestinal diseases such as celiac disease and its use in
children is well established [1]. However, EGD can be a source of stress for children and their
family and if not adequately aided by psychological and pharmacological support, it can result in
emotional and psychological trauma. EGD-related stress triggers for the pediatric patient include
hospitalization, waiting before the procedure, separation from parents and placement of venous
access [2-4]. Inadequate pain prevention and anxiety may have long-term negative consequences,
such as anticipatory anxiety during future procedures, lowering of the pain threshold, and future
pain sensitization [2]. As an example, Pate et al. [5] study demonstrated that pain perceived by the
children during medical procedures correlates significantly (p<0.0001) with fear and pain perceived
as adults. When entered into a regression model, child pain accounted for more of the variance in
adult fear than did child fear [5].
Different pharmacological and non-pharmacological methods, including immersive Virtual
Reality (VR) and Intranasal (IN) midazolam, can potentially address these problems.
VR provides a tool for human/computer interaction, in which the human being becomes an
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active participant in a virtual environment created through a HeadMounted Display (HMD) [6]. The user is immersed and actively
participates in the virtual environment as it changes in real time with
his movements. The new generations of HMDs for VR have become
a common technology, widely accessible, reasonably priced, and easy
to use, also in a wide range of ages [2]. VR has already been shown
to reduce stress and the perception of acute pain during different
procedures, such as venipuncture [2,7], vaccinations or administration
of anesthetics [8]. Its use has also been tested as a distraction method
in children with painful wounds undergoing repeated dressing
changes [9], among others. Only one study evaluated the use of VR
in unsedated endoscopy but it is a retrospective study whose outcome
was not the perceived pain but the feasibility of the endoscopy and the
costs and time of the procedure [10].

Buzzi Children’s Hospital in Milan, Italy. Between November 2019
and December 2020, all children aged 4 to 18 years who underwent
EGD and wished to participate to the study were enrolled after signing
informed consent. Exclusion criteria were the following: Intellectual
disability or neurocognitive disorder, a 3 or 4 American Society of
Anesthesiologists (ASA) physical statuses [18].
Randomization, allocation concealment and blinding
Eligible participants were randomly assigned in a 1:1:1 ratio
to one of three groups (group 1: IV midazolam, group 2: VR+IV
midazolam, group 3: IN+IV midazolam). Randomization sequences
were generated with a computerized random number generator
by a research assistant. From March 2020 the administration of IN
midazolam was no longer possible because of irritation of the nasal
mucosa following nasopharyngeal swab for COVID-19. The staff
performing EGD and the person who analyzed the data were blinded.

IN midazolam is an effective preoperative sedative able to reduce
anxiety and stress in children. In fact, midazolam is absorbed by
many tissues, including the nasal mucosa, which offers an attractive
non-invasive route of administration, as it does not involve the use
of needles. IN midazolam in children reduces anxiety and mitigates
uncooperative behavior, while offering a large safety margin [11].
Furthermore, in a dose range of 0.2 mg/kg to 0.6 mg/kg, IN midazolam
induces sedation within 10 min to 20 min without serious side effects
and it has been used for procedural sedation during laceration repairs
[11,12], dental extractions [13,14], and as a premedication before
total anesthesia [15], among others [16]. Just one study evaluated the
efficacy of IN midazolam on fear and anxiety but no proper evaluation
of pain through validated scales has been held [17]. Nevertheless, its
use during EGD remains vastly unexplored.

Devices
Virtual reality: Virtual reality was provided via a Head-Mounted
Device (HMD, AODA-1068), a box with binocular glasses, where a
Smartphone was inserted to run the appropriate applications. The
HMD allowed 360° degrees animation in a three-dimensional and
immersive way. The applications used were two: The "Safari Tours
Adventures VR 4D" and the "Funny Farm VR"; children, regardless of
age, could choose either type of virtual reality (Figure 1).
Mucosal atomization device: A Mucosal Atomization Device
(MAD Nasal, Teleflex Medical) was used to administer midazolam
intranasally (undiluted parenteral solution, 5 mg/ml); MAD is a
device that creates a nebulization of the drug within the coannas
and allows for faster absorption and greater bioavailability. The dose
administered was as previously described [13] and comparable to the
dose of midazolam administered IV (Figure 2) [19].

Importantly, given their cost, acceptability and safety [10], both
VR and IN midazolam, could be easily included in the standard
practice in multiple pediatric hospitals as pain and anxiety addressing
methods in different pediatric procedures, without requiring
additional workload for health care providers [2].
The aim of our study was to assess the efficacy of VR or IN
midazolam in reducing pain and EGD-related stress in children.
To explore this, we have implemented our standard of care (IV
midazolam), combining IV midazolam with VR or IN midazolam,
and evaluated pain through validated scales, and assessed parent’s
and operator’s satisfaction through the Likert scale.

Study protocol
The study protocol is illustrated in Figure 3. Briefly, after
randomization the following data was collected: sex, age, resting HR,
and Children’s Emotional Manifestation Scale (CEMS), to document
children's emotional behavior during stressful medical procedure
[20]. A non-blinded pediatric doctor and nurse were in charge
of venous access placement, inserted in all children one hour after
application of Eutectic Mixture of Local Anesthetics (EMLA) and
sedation [21].

Primary outcomes were the self-reported (Visual Analogue Scale,
VAS) and observed pain (Face, Legs, Activity, Cry, Consolability
Scale, FLACC). Secondary outcomes were a combined VAS+FLACC
scale, pain rated by parents by a Numerical Rating Scale (NRS),
increase in Heart Rate from basal level (HR), operator’s and parent’s
satisfaction, total midazolam administered, presence of anterograde
amnesia, time to discharge and side effects encountered.

Group 1 received 0.3 mg/kg of midazolam IV (never exceeding a
total dose of 10 mg) [22]; children belonging to group 2 were offered
the use of VR during the venous access placement and during IV
midazolam administration (0.3 mg/kg and never exceeding a total
dose of 10 mg) [22]; group 3 received 15 min before needle insertion
administration of IN midazolam (0.3 mg/kg, with a maximum dose
of 5 mg) [23]. The level of sedation was then evaluated in all groups
and EGD was performed only when an adequate level of sedation was
achieved, defined as a Richmond Agitation-Sedation Scale (RASS)
≤-4 [24,25], whenever the RASS was > -4, then an extra dose of IV
midazolam was administered (0.1 mg/kg per dose, repeatable up to
maximum total dose of 0.5 mg/kg and never exceeding a total dose of
10 mg) [22]. EGD was then performed by a blinded team composed
of a pediatric trained endoscopist or a pediatric surgeon, assisted by
at least two nurses.

To our knowledge, this is one of the first studies evaluating the
effect of VR and IN midazolam on EGD-related pain and pave the
way for further improvement in pediatric patients EGD.

Patients and Methods
Study design
This was a single center, three-arm parallel group, randomized
controlled trial, conducted in accordance with the Declaration of
Helsinki (as revised in Fortaleza, Brazil, October 2013).
Study setting and participants
This study was carried out in the pediatric endoscopy Unit of
Remedy Publications LLC., | http://surgeryresearchjournal.com
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"very satisfied," 3= "satisfied," 2= "dissatisfied," 1=" very dissatisfied")
and the GHAA-9m questionnaire (the validated Italian version of
the GHAA-9m questionnaire developed by the American Society
of Gastrointestinal Endoscopy) respectively [30,32]. The GHAA-9
m questionnaire’s answerers (Figure 7) were analyzed as follows: 1=
"Poor", 2= "Fair", 3= "Good", 4= "Very Good", 5= "Excellent".
All adverse events (hiccups, double vision, paradoxical reaction,
nausea or vomiting, lesions in the oral cavity or other locations,
burning sensation) encountered during or in the 48 h after the
procedure, and the time between the end of the procedure and the
ability to drink water (time of discharge) were also collected.
Data analysis
Descriptive statistic was applied wherever required. Continuous
variables were reported as median [interquartile range]. Categorical
data were presented as absolute frequencies and percentages.

Figure 1: Child experiencing VR during venous access placement.

The nonparametric Kruskal-Wallis test and the Fisher’s exact
test were used to assess the effect of different treatments. Multiple
comparisons were performed with Wilcoxon test without a formal
control of the overall Type I error probability. P values were used as
measure of statistical evidence with a non-formal threshold al 0.05
and Bonferroni correction was considered for correcting for test
multiplicity. The software SAS JMP Pro 16.0.0 was used to carry out
the statistical analysis.

Results
Between November 2019 and December 2020, 117 EGD were
performed, 45 did not meet inclusion criteria. Seventy-two children
were then enrolled in the study and included in the data analysis (IV
group: n.30, VR group: n.30, IN group n.12). No relevant differences
were found between the three groups in age, sex and CEMS (Table 1).

Figure 2: Child during midazolam IN administration.

Pain assessment
During the procedure the FLACC scale was used by trained nurses
to measure the child's perceived pain [26]. The FLACC scale (Figure
4) is a behavioral scale for measuring pain that has been validated in
children who are too young (under three years of age) or unable to
verbalize or self-report their pain [27]. It’s also used as a procedural
pain assessment tool in children aged 5 to 16 years [28].

Primary outcomes
We observed a significant difference between the distribution
of VAS and FLACC in the three groups (Table 2). In particular we
encountered a lower VAS in the IV and VR group, compared to
IN administration of midazolam, and a significantly lower FLACC
in the VR group compared to the IV (Table 2), following Wilcoxon
unpaired two-sample test statistic for multiple comparisons.

The maximum HR value was also recorded. After EGD the
following information were collected: the child was asked to score the
pain perceived through the VAS scale (Figure 5), that has been shown
to be a reliable self-assessment method for pain intensity and anxiety
in children between 2 and 17 years of age [29,30], while the parents
were asked to rate their child's perceived pain using the NRS scale
(Figure 6), which is used in children aged ≥ 8 years and for parental
assessment of pain in the child [30].

Secondary outcomes
We found a difference between the distribution of the subjectiveobjective combined pain scale, the NRS and parent’s satisfaction
Likert scale (Table 2). In particular we observed that VAS+FLACC
level and NRS were significantly lower, while parent’s satisfaction
was significantly higher in the VR group, compared to the IN and the
IV groups (Table 3), following Wilcoxon unpaired two-sample test
statistic for multiple comparisons.

The VAS scale is a 10 cm horizontal line marked with two dots:
the one at the beginning corresponds to “no pain” and the one at the
end corresponds to the "worst possible pain". The child is asked to
make a line describing his or her level of pain [31].

Adverse events were encountered in 83.5%, 33.3% and 56.7% of
children in the IN, IV and VR group respectively (p=0.0115).

The NRS is a 11 point (0-10) scale where the end points are the
extremes of no pain and pain as bad as it could be, or worst pain [31].

Complete amnesia was experienced in 75% of children belonging
to the IN group, while no amnesia affected the others; partial amnesia

Other outcomes

Table 1: Demographics and CEMS.

The total amount of midazolam administered to reach deep
sedation was recorded. To determine the children’s degree of amnesia
the last thing remembered before the EGD was registered. Amnesia
was considered complete when it included the venipuncture and EGD,
partial including EGD or venipuncture, or none. The operator’s and
parent’s satisfaction were measured through a 4-point Likert scale (4=
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Group 1 (IV)
Group 2 (VR+IV)
Group 3 (IN+IV)

3

Age

Sex

CEMS

13.5 years
(7.2-14.6)
12 years
(7.7-13.7)
10.1 years
(8-13.8)

M 53.3%
F 46.7%
M 60%
F 40%
M 66.7%
F 33.3%

5.5
(5-6.3)
6
(5-7)
5.5
(5-6.8)

N
30
30
12
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Figure 3: The study flowchart.
CEMS: Children’s Emotional Manifestation Scale; RASS: Richmond Agitation-Sedation Scale; FLACC: Face, Legs, Activity, Cry, Consolability Scale; VAS: Visual
Analogue Scale; NRS: Numerical Rating Scale

Figure 4: FLACC scale.
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Table 2: Median, quartile, chi-squared test and Kruskal-Wallis test of the following
parameters: VAS, FLACC, VAS+FLACC, NRS, operator’s and parent’s Likert
scales, maximum/resting HR, total midazolam administered, time to discharge,
of all three interventions; *p <0.05.

VAS

FLACC

VAS+FLACC

NRS

Parent's Satisfaction

Operator's Satisfaction

Maximum/resting HR

Total Midazolam(mg)

Time to Discharge (min)

Group
n
IN
12
IV
30
VR
30
IN
12
IV
30
VR
30
IN
12
IV
30
VR
30
IN
12
IV
30
VR
30
IN
12
IV
30
VR
30
IN
12
IV
30
VR
30
IN
12
IV
30
VR
30
IN
12
IV
30
VR
30
IN
12
IV
30
VR
30

Median
1st and 3rd Q
5
2.25-7
2
0-5
0
0-3
3.5
1.25-9
4
3-7
2
0-5.25
9.5
5.75-12
7
4-10
3
1-6
3.5
1.25-6.75
2.5
0-5.625
0
0-1
31
29.25-32
30
27.75-33
33
31.75-33.25
3
3-4
4
3-4
4
3-4
1.56
1.38-1.77
1.54
1.33-1.74
1.42
1.24-1.74
10
8.125-10
10
7-10
10
8.5-10
95
72.5-135
105
90-132.5
100
90-130

Sum of Ranks
p chi
Mean Rank
squared
626
52.2
1107.5
0.0045*
36.9
895.5
29.8
495
41.2
1280
0.0204*
42.7
853
28.4
616.5
51.37
1257 4
0.0002*
1.9
754.5
25.15
594.5
49.5
1258.5
0.0003*
41.5
775
25.8
364.5
30.4
921.5
0.0175*
30.7
1342
44.7
308
25.7
1129.5
0.0648
37.6
1190.5
39.7
519.5
43.3
1187
0.1224
39.6
921.5
30.7
435.5
37.8
1062.5
0.9066
35.4
1112
37.1
413
34.4
1137.5
0.8678
37.9
1077.5
35.9

Figure 5: VAS scale.

Figure 6: NRS scale.

adequate pain control with absence of significant adverse effects.
Results obtained in this study support the use of VR distraction
as an adjuvant to pharmacologic analgesia, showing that VR is
effective in minimizing pain perception and stress intensity during
EGD in children. Our data demonstrates that playing the VR had a
positive effect on pain and anxiety evaluated by an objective scale, a
mixed subjective and objective scale and pain rated by parents, while
a positive effect of VR on parent’s satisfaction was also uncovered.
Nevertheless, we did not observe any difference between VR and IV
group based on the VAS scale; however VAS may be unreliable due to
the post-amnesia effect of midazolam.
Importantly, operator’s satisfaction, total midazolam
administered and time to discharge were not affected by the use of VR
glasses, so no obstacles to investigating VR further in a larger sample
of patients have been highlighted.
Our study also shows that although IN combined with IV
midazolam ensured a complete retrograde amnesia in children, it was
less effective in pain mitigation and associated with a higher rate of
adverse events compared to IV midazolam either alone or combined
with VR.
The results of this study are not surprising; indeed, VR distraction
is an emerging non-pharmacologic and non-invasive analgesic that
modulates pain perception, by diverting the patient attention [36].
Thanks to the HMD devices, VR is a tool through which the patient
can have an active and more engaging participation, it prevents the
view of the surrounding environment, which can be a source of
anxiety, with minimal engagement of body movement; therefore user
has less attention available to process signals from pain receptors,
while no interference with the procedure has been encountered
[37]. In children, different studies demonstrated that immersion in
VR during blood sampling [8] and dental/periodontal procedures
[38], significantly mitigated pain intensity. The same advantage was
however not confirmed in two trials of VR in burn wound victims,
where the authors suggested the development of a better-customized
instrument to solve the issue [39,40]. However this could be due to
the different degree of pain perceived in the different procedures: it
could therefore be hypothesized that VR can be used in procedures
with low to moderate perceived pain. Very little is known regarding
the effect of VR in endoscopy, especially in children. In adults, visual
and/or auditory distraction during endoscopic procedures reduces

covered all children in the IV and VR (p<0.001).

Discussion
EGD is routinely performed in ambulatory settings as a diagnostic
tool for assessing gastrointestinal diseases in children. The mechanism
of pain/anxiety related to invasive procedure is complex, and there are
many influencing factors [33]. Researchers have considered different
pharmacological and non-pharmacological methods to reduce
pain, such as acetaminophen, benzodiazepines, and opioids, and
novel technologies, among which VR [34]. Compared to traditional
treatment, multimodal analgesia is an interdisciplinary approach
to pain management that can maximize the positive effects of the
treatment, while decreasing the associated adverse effects [35].
The ideal analgesic for outpatient procedures should provide
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Table 3: Wilcoxon unpaired two-sample test.
VAS
Median Score
Difference (DS)

VAS+FLACC

p

Median Score
Difference (DS)

p
*

VR-IV

-5.9 (4.2)

0.1584

-11.9 (4.5)

0.0077

IV-IN

-8.9 (4.1)

0.0286*

0.6 (4.2)

0.8884

VR-IN
*

FLACC
Median Score
Difference (DS)

-12.9 (4.0)

0.0012

*

-7.2 (4.1)

0.0809

NRS
Median Score
Difference (DS)

p
*

-14.7 (4.5)

0.0011

-6.8 (4.2)

0.1021

-13.9 (4.2)

0.0009

*

Parent satisfaction
p
*

Median Score
Difference (DS)

p

10.4 (4.4)

0.0193*

-13.4 (4.1)

0.0012

-4.3 (4.1)

0.2876

-1.8(4.1)

0.6639

*

10.3(4.1)

0.0117*

-13.7 (3.8)

0.0003

p<0.05 (0.0033 after Bonferroni’s correction)

Figure 7: GHAA-9 m questionnaire.

midazolam proved to be a sedative capable of reducing anxiety due
to separation from parents but did not diminish negative behaviors
during EGD. This lack of efficacy could be linked to a possible
run-off of the drug from the nasal cavity, due to mucosal surface
saturation, leading to swallowing of the administered medication,
gastrointestinal absorption, first-pass metabolism, and decreased
bioavailability [42]. To avoid run-off, concentrated medication
administered in therapeutic doses of maximum 1 mL per nostril
should be used, moreover doses should always be separated in
those children weighing more than 20 kg for 5 mg/mL midazolam
[43]. In addition, lack of efficacy of IN midazolam could be due to
the dose administered, which per institutional policy, in our study
has never exceeded 0.3 mg/kg, but could be increased to 0.5 mg/kg.
Nevertheless, it is important to mention that the IN group experienced
more frequent adverse events, which leads us to hypothesize that an
increase in dosage could exacerbate this effect. However, the absence
of significant systemic adverse reactions in the literature when solely
IN midazolam is administered has to be outpointed [43,44].

pain and improves satisfaction [41]. In children a retrospective study
of almost 200 patients found that VR allowed un-sedated trans-nasal
gastroscopy, moreover the procedure was safe and cost-effective for
staging of eosinophilic oesophagitis [10]. However no pain evaluation
was performed.
Although sedation avoidance may be beneficial to prevent
complications, in particular cardiopulmonary ones, current ESGE/
ESPGHAN guidelines recommend EGD to be performed under
general anesthesia or, if not feasible under deep sedation in children.
Therefore, at the moment EGD pain management cannot be solely
based on VR [1]. Nevertheless, VR distraction could be used as an
adjuvant to pharmacologic analgesia to lower the dose of analgesics
required and reducing the risk of sedation-related complications.
Although our study did not observe a correlation between total
midazolam administered and VR, the efficacy of visual distraction
in reducing the required medication dose has already been shown in
adults undergoing colonoscopy and represents an attractive avenue
for further studies to improve pediatric endoscopy [41].

We acknowledge that out study have some limitations. These
includes involving a small sample of patients which precluded us
from inferring robust statements on clinically relevant endpoints;
additionally, subjective pain score was collected following recovery

This study observed that although IN midazolam provided
complete amnesia it had no effect on perceived pain. These data
is in line with a study published by Fishbein et al. [17], where IN
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from sedation, relying on recalled pain, which could have been affected
by the midazolam-induced amnesia, however this was combined by
more reliable FLACC evaluation by trained nurses. Finally, age may
have influenced the reaction to the different treatments and due to
the small sample enrolled, we were not able to split children into
subgroups.

esophagitis using virtual reality video goggles. Clin Gastroenterol Hepatol.
2019;17(12):2455-62.
11. Yealy DM, Ellis JH, Hobbs GD, Moscati RM. Intranasal midazolam
as a sedative for children during laceration repair. Am J Emerg Med.
1992;10(6):584-7.
12. Connors K, Terndrup TE. Nasal versus oral midazolam for sedation
of anxious children undergoing laceration repair. Ann Emerg Med.
1994;24(6):1074-9.

Conclusion
The data collected in this study suggest that VR distraction during
sedated EGD is effective in children in reducing pain perception,
without compromising the technical success of the procedure. This
study also suggests that VR should be adopted as a clinical intervention
in combination with IV sedation for pain and stress management on a
regular basis due to the low costs and widely availability of the device.
This study has not identified any obstacles to investigating VR glasses
further in a large multicenter study, which would allow evaluating
age-related differences in treatment efficacy.

13. Gentz R, Casamassimo P, Amini H, Claman D, Smiley M. Safety and
efficacy of 3 pediatric midazolam moderate sedation regimens. Anesth
Prog. 2017;64(2):66-72.
14. Al-Rakaf H, Bello LL, Turkustani A, Adenubi JO. Intranasal midazolam in
conscious sedation of young paediatric dental patients. Int J Paediatr Dent.
2001;11(1):33-40.
15. Karl HW, Keifer AT, Rosenberger JL, Larach MG, Ruffle JM. Comparison
of the safety and efficacy of intranasal midazolam or sufentanil for
preinduction of anesthesia in pediatric patients. Anesthesiology.
1992;76(2):209-15.

In conclusion, our work has set the stage for the evaluation of VR
in EGD in pediatric patients, an intervention with the potential to
contribute to tangible improvements in patient care.

16. Harcke HT, Grissom LE, Meister MA. Sedation in pediatric imaging using
intranasal midazolam. Pediatr Radiol. 1995;25(5):341-3.
17. Fishebein M, Lugo R, Woodland J, Lininger B, Linscheid T.
Evaluation of intranasal midazolam in children undergoing
esophagogastroduodenoscopy.
J
Pediatr
Gastroenterol
Nutr.
1997;25(3):261-6.
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