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Echocardiography is currently the main diagnostic technique in pediatric cardiology,

but sometimes it is difficult to use in very young children, as a complete and accurate

study depends on the patient’s and family’s cooperation. Children’s behavior is one of

the main problems for this procedure, and interventions like sedative medication have

been used to facilitate its performance. The aim of this study was to analyze the effects

of TV entertainment in infants and preschool children during echocardiography. We

designed an experimental study in children with a heart murmur. An examination room

was prepared with a TV on the ceiling, giving the children an unobstructed view during

the echocardiography procedure. Fifty-eight patients were randomized into two groups:

TV intervention vs. usual care (consisting of other distraction measures). The primary

outcome was echocardiography time, but we also assessed blood pressure, quality of

technique, child behavior, and parents’ stress level. The TV group showed a statistically

significant reduction in duration of the echocardiography and systolic and diastolic blood

pressure, as well as better quality of technique and child behavior. Consequently, we

recommend the use of a TV as a simple and useful distraction method for improving

echocardiography in young children.

Keywords: echocardiography, pediatrics, television, blood pressure, infants

INTRODUCTION

Echocardiography is a noninvasive procedure and is the first option for studying children with
suspected congenital or acquired cardiac disease (1, 2). However, a complete and accurate study
depends on patients’ and their parents’ cooperation.

The behavior of children under 3.5 years old sometimes makes it impossible to perform an
echocardiography, prompting the application of interventions such as sedative medication (3).
Even though chloral hydrate is one of the safest and therefore most frequently used procedures,
it is not without risks. In order to quickly detect and treat adverse effects, the sedated patient
must be continuously observed and monitored for all hemodynamic parameters, including oxygen
saturation, heart rate, respiratory rate, and blood pressure (4). Adverse events affect anywhere from
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0 to 20.1% of these children (5); in one study in 1,095 patients,
observed events included apnea (0.3%), airway obstruction
(1.4%), desaturation (5.9%), hypercarbia (5.9%), hypotension
with poor perfusion (0.4%), vomiting (0.4%), and prolonged
sedation (3.3%) (3). In a few cases (0.5%), major interventions
were necessary to treat severe respiratory depression and/or
hypotension with compromised perfusion. Moreover, the
sedation medications may modify the patient’s baseline
physiological state by causing alterations in parameters such as
heart rate and blood pressure or hemodynamic measurements
(taken by echocardiography) (6, 7). Given the clear drawbacks
of sedation, it is necessary to explore alternative interventions to
facilitate echocardiography in pediatric patients. These could be
more cost-effective and safer, reducing anxiety for the children
and their families as well as for health professionals (8).

Some simple, readily available and cost-effective ways to
reduce neonatal discomfort include giving the child a pacifier
(dummy) or feeding them (9). In infants, other methods have
been employed for minimally invasive procedures, such as
watching cartoons (10), looking through kaleidoscopes (11),
blowing bubbles (12), listening to music (13, 14), and wearing
virtual reality glasses (15).

In children older than 3.5 years, previous authors have
demonstrated that video goggles and earphones significantly
decrease costs, the need for sedation, and scanning times
in magnetic resonance imaging (MRI) and computerized
tomography (CT) procedures, but they had no impact on the
need for sedation in children younger than that (16). Lim et al.
(10) used a children’s song screened on a cell phone during an
ultrasound examination (not echocardiography) in children aged
1–5 years old. The results showed that the cartoons were very
helpful in 83% of patients and partially helpful in 10%; however,
there was no control group. For their part, physicians have been
shown to always consider and try to minimize parents’ stress and
anxiety during these procedures (17, 18).

We hypothesized that cartoons might be a useful distraction
in the echocardiography procedure, helping to improve young
children’s behavior. Therefore, the present study aimed to analyze
the effect of TV on children under 3.5 years old during
an echocardiography.

MATERIALS AND METHODS

Design
Randomized clinical trial (Trial Registration Identifier:
NCT02498743).

Setting and Subjects
This study included pediatric patients referred to a pediatric
cardiology consultation for the first time, from 1 February
to 31 May 2015, for evaluation of a heart murmur without
any complexity. Pediatricians in the public consultation at our
university hospital recruited participants. Inclusion criteria were:
aged 6–43months, an echocardiography requirement, and signed
written informed consent from parents. Patients with any hearing
or eye alterations were excluded. The Institutional Review Board

approved this study, and all the children’s parents provided
informed consent.

After baseline assessment and before the echocardiography
examination, each participant was randomly assigned to either
the intervention or control group. A researcher used an online
statistical computing program to generate permuted block
randomized schema.

Intervention and Control Groups
Patients were randomly allocated to two groups: the TV group
watched cartoons with sound during the examination, and the
control group received usual care, consisting of other distractions
like a mobile phone with cartoons or videos, toys, music,
songs sung by parents, caresses, or kisses. In both groups the
patient had to be supine on the examination table during
the echocardiography.

Echocardiography Examination
The patients’ examination was performed in a room designed
for this study. The cardiac ultrasound laboratory was
equipped with a television on the ceiling, giving children
an unobstructed view while they were laying comfortably in
a supine position on the examination bed (see Figure 1). The
TV was equipped with a conventional audio output and had a
19-inch monitor (DMTech).

The cartoon shown in this study was always the same
(episode 125 of Dora the Explorer, “Baby Winky Goes Home!”).
The episode was played on a continuous loop (automatically
restarting again).

A single pediatric cardiologist conducted all consultations
and performed the echocardiography with the help of the same
assistant nurse in all cases and the child’s parents, following
current recommendations for performing transthoracic
echography in children (19). The assistant nurse always wore
the same work clothes, her attitude, and actions were similar in
any case and she did not use any tools. The examination was
performed using an ultrasound unit (Philips Envisor C HD)
with S8 Mhz cardiac sector transducer. The blood pressure
reading preceded the echocardiography and was taken with
an automatic blood pressure monitor (Omron 10M-IT) with
different children’s sizes.

Outcome Measures
The primary outcome was duration of the echocardiography and
was measured by the assistant nurse. Date of birth and test date
were collected from patients prior to randomization. After group
allocation and before the examination, patients’ blood pressure
(mmHg) was measured by the assistant nurse with or without a
TV, according to the trial arm.

Other outcome measures were recorded following the
echocardiography: the quality of the echocardiography and the
behavior of the child during the examination. The pediatrician
performing the examination assessed the quality of the procedure
(1 = poor, 2 =moderate, 3 = high); quality was considered high
if all the echocardiography planes were performed completely
and correctly, moderate if all the echocardiography planes
were performed completely but not correctly, and low if the
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FIGURE 1 | Children’s examination room. (A) Detail of the examination bed and the TV screen on the ceiling. (B) Photograph from patient’s point of view. (C) Sample

echocardiographs while the patient was watching cartoons.

echocardiography was not completed and only partial planes
were obtained. This assessment of the quality was considered
impartial because this procedure is very methodical, since the
echocardiography planes are established in a specific order. In
addition, the difficulty of the echocardiography procedure was
similar in all cases because no patient had indication for surgical
correction of congenital heart disease. Children’s behavior was
assessed subjectively by both pediatrician and parents, who
independently scored the child’s behavior using a 10-point rating
scale (1 = very bad, 10 = very good). The pediatrician answered
only one question: “How did the child behave during the
examination?” Parents answered six ad hoc questions about their
stress level, their child’s behavior, and their opinion of using
cartoons as a distraction during the exploration.

Statistical Analysis
Sample size calculation was based on the variable “duration of
consultation” with an alpha level of 0.05 (95% confidence level),
a beta level of 0.20 (80% statistical power), a variance of 4.84, and
a margin of error of 1.6, assuming 15% attrition. Each group had
to have at least 28 patients.

A descriptive analysis of the study sample was performed.
We calculated the mean, minimum, maximum, and the standard
error of themean (SEM) for the study variables in each group.We
applied the Student’s t-test to compare the means and p < 0.05

was considered significant. Data were analyzed with the use of
SPSS 18.0 for Windows.

RESULTS

Fifty-eight pediatric patients with a mean age of 26.03 months
(range 6–43) underwent a consultation for an echocardiography
procedure. None were excluded. Thirty patients (51.8%) were
randomized to the intervention group (TV) and 28 patients
(48.2%) to the usual care control (other distraction methods).
Groups were comparable in terms of patient characteristics such
as age and sex.

Table 1 shows the study variables in the overall sample. The
scans lasted, on average, 9.05min (range 6–16.6). The quality
of the echocardiographs was moderate or poor in 31% of the
scans. With regard to children’s behavior, the doctor’s and
parents’ assessments were similar: 64% of the patients received
a score of 9 or 10, while 36% scored under 9. Regarding the
question “Do you think that TV is useful?,” 85% of the parents
answered affirmatively.

The time needed to complete the echocardiography was
significantly lower in the TV group than in the control:
7.91 (7.51–8.33) min vs. 10.27 (9.55–11.13) min, respectively
(p < 0.001). If 1,000 echocardiographs were performed every
year, the total time needed, with or without TV, would be 7,910 vs.
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TABLE 1 | Distribution of the study variables.

Variables Mean Range SEM 95% CI

Age (months) 26.03 (6–43) 1.52 23.0–29.0

Duration of echocardiography (minutes) 9.05 (6–16.6) 0.27 8.5–9.6

Systolic blood pressure (mmHg) 94.6 (70–116) 1.41 91.8–97.4

Diastolic blood pressure (mmHg) 61.7 (43–82) 1.28 59.2–64.2

Children’s behavior (0–10)

Physician assessment 8.00 (1–10) 2.64 2.8–13.2

Parent assessment 7.97 (1–10) 3.01 2.1–13.9

Quality of echocardiography (1–3) 2.55 (1–3) 0.73 1.1–4.0

Parents’ stress level (0–10) 2.70 (1–10) 2.62 2.4–7.8

CI, confidence interval; SEM, standard error of the mean.

TABLE 2 | Bivariate analysis.

Variable TV group

mean (95% CI)

Usual care control

mean (95% CI)

p-value

Age (months) 26.20

(22.00–30.35)

25.86

(21.74–29.88)

0.912

Systolic blood pressure

(mmHg)

89.76

(86.87–92.93)

99.61

(96.08–103.27)

<0.001

Diastolic blood pressure

(mmHg)

58.79

(56.00–61.93)

64.64

(60.58–64.58)

0.020

Children’s behavior (0–10)

Physician assessment 9.06 (8.48–9.53) 6.85 (5.66–8.02) 0.002

Parent assessment 8.77 (7.92–9.54) 7.11 (5.68-8.31) 0.038

Quality of echocardiography

Scale (1–3)

2.83 (2.68–2.96) 2.25 (1.92–2.57) 0.003

Parents’ stress level

Scale (0–10)

2.24 (1.14–3.10) 3.18 (2.06–4.44) 0.191

Results in intervention (TV) vs. control (no TV) groups.

10,270min. Thus, using cartoons would entail 22.97% less time
for the procedures, or 39.3 h/1,000 procedures.

Children’s ages were similar in both groups. In relation
to other variables (Table 2), the intervention group showed
lower blood pressure values and better physician- and parent-
reported behavior scores. Furthermore, the quality of the
echocardiographs was significantly better in this group.

Parents’ self-reported stress levels on a scale from 0 (no stress)
to 10 (high stress) showed that 58% had no stress, but 20% had
a stress level of 5 or more. Parents in the intervention group
consistently registered lower stress levels, although the difference
was not statistically significant (see Table 2).

DISCUSSION

Echocardiography is the most commonly used imaging
procedure for cardiological evaluations in children (1, 2).
However, its quality depends on patient compliance (2).
Children may be irritable during the echocardiography [or
other non-invasive procedures (20, 21)] for several reasons,
including their lack of familiarity with the place, procedure
and professionals; the darkness of the room; and their parents’

attitudes. Even in non-invasive medical procedures without
pain, like X-rays or ultrasounds (18), young children can still
experience procedural distress that can interfere with diagnostic
processes. This is especially true for echocardiography outcomes
because this procedure requires not only an anatomical study
but also a functional study. These reactions to medical situations
have long been recognized (21), and many efforts have been
made to identify ways to mitigate procedure-related distress
in children.

The use of sedatives is one way to calm children down
during examination procedures, but this option poses a risk
for adverse events and even sedation failure. The cost of
medication, plus other direct and indirect costs such as human
resource expenditure and patient recovery time, must also be
taken into account (3, 15). Moreover, sedation may cause
anxiety in children and their parents. Nowadays, sedation is
not recommended for an echocardiography in asymptomatic
patients (22), but it is often needed in children with a
high suspicion of cardiomyopathy to guarantee the quality of
the echocardiography.

Alternative methods to improve child behavior during
exploration have been reported (23), such as the use of pacifiers
and sugar for neonates (24) and in children under 6 months
of age (25). These patients were not included in the study
because they have difficulty maintaining a fixed gaze. Another
study in children older than 3.5 years, using an MRI-compatible
movie entertainment system and interdisciplinary teams, showed
a reduction in the frequency of patient sedation by 25% (15). A
different study tried to calm infants and young children receiving
an MRI, using a color light-show device projecting moving
colored objects on the ceiling and floor, reporting that the need
for sedation decreased by 29% (in those aged 1–2 years) and
19.9% (in those aged 2–3).

A study using children’s songs on a cell phone showed positive
results in 93% of patients, but it did not have a control group (10).
Other studies have shown that pain tolerance is greater with the
visualization of pleasant images (20, 26). In children aged 7–12
years old receiving venipuncture, using a TV was more effective
as an analgesic method than no distraction or active distraction
by mothers (27). A previous study also showed that the gradient
values measured by the echocardiography in children watching
cartoons corresponded well with catheterization values (6).
Equally positive results have been achieved using music therapy
as a support (8).

In our study, patients were randomized, and we measured
different variables to compare the effect of television between
the groups, avoiding other confounders. We measured the items
that were considered to be of high interest in a cardiology clinic.
Examination time decreased by an average of 2.4min (p< 0.001),
and the quality of the echocardiography was also significantly
higher (p = 0.003). Thus, our method was helpful in young
children (6–43 months).

Blood pressure was different between the groups. Measuring
this parameter is not easy in children, as it is difficult for them
to keep still. However, the intervention allows an approximation
to the child’s true blood pressure measurements. Systolic blood
pressure was 10 mmHg lower, and diastolic blood pressure 6
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mmHg lower, in the intervention group (with TV). Thus, using
the television as a distractionmethodmight also help to avoid the
over-diagnosis of arterial hypertension in children (28).

Regarding the stress level during the echocardiography
examination, parents self-reported their stress level on a scale
of 0–10. The average score was low for both groups, but in
the non-television group, it was slightly higher (not significant).
This is important because the attitude of parents may influence
their children.

In addition, in the intervention group some children did not
want to leave the examination room once the echocardiography
exploration had finished, suggesting that the patient’s stress level
was near zero. These positive experiences could have a beneficial
impact on children’s attitudes toward future explorations (29).

LIMITATIONS

This study has some limitations. Children’s behavior and
parents’ stress were assessed subjectively, and since we found
no behavioral scales for non-invasive tests in children, we used
a simple, ad hoc scale from 0 to 10. Another problem when
performing diagnostic techniques is interobserver variability. In
order to diminish this risk, a single pediatric cardiologist (in
a hospital without a cardiac surgery pediatrician) performed
this study. On the other hand, the control group received usual
care, consisting of other distractions that were provided by
parents. Although the behavioral attitudes of the parents can be
different between them, this un-controlled factor affected both
groups similarly.

CONCLUSION

Showing cartoons on a TV to children undergoing an
echocardiography procedure was effective in decreasing
the examination time and the systolic and diastolic blood
pressure, and it increased parents’ and doctor’s satisfaction
with the procedure and the quality of echocardiography.

This tool is also safe and avoids the added risk of anesthesia.
The children and their parents were relaxed during the
examination, and the children also showed signs that the
echocardiography was an enjoyable experience. Thus, showing
cartoons is a useful aid in children aged 6–43 months receiving
an echocardiography.
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