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Abstract

Objective To examine the effectiveness of Audiovisual (AV) interventions at reducing preopera-

tive anxiety and its associated outcomes in children undergoing elective surgery. Methods A

systematic review of randomized controlled trials (RCTs) and nonrandomized studies where the

primary outcome was children’s preoperative anxiety was conducted. Secondary outcomes in-

cluded postoperative pain, behavioral changes, recovery, induction compliance, satisfaction, and

cost-effectiveness. The risk of bias of each study was assessed. Results In all, 18 studies were

identified. A meta-analytic approach and narrative synthesis of findings were used to summarize

the results of the studies. Conclusions This systematic review suggests that AV interventions

can be effective in reducing children’s preoperative anxiety. Videos, multi-faceted programs, and

interactive games appear to be most effective, whereas music therapy and Internet programs are

less effective. While AV interventions appear potentially useful, adequately powered RCTs are

required to conclusively pinpoint the components and mechanisms of the most effective AV

interventions and guide practice.

Key words: anxiety; children; educational interventions; meta-analysis; randomized controlled trial;
systematic review.

Introduction

Preoperative Anxiety
Exposure to pediatric surgical procedures is a rela-
tively common and significant stressor for children. It
is estimated that up to 5 million children undergo elec-
tive surgical procedures in North America every year,
and nearly 75% of them experience considerable pre-
operative anxiety (Perry, Hooper, & Masiongale,
2012). This distress is highest during general anes-
thetic induction procedures during which anticipatory
anxiety is provoked (Davidson & McKenzie, 2011).

Surgery can produce emotional distress and trauma
for children and their families if they are psychologi-
cally ill-prepared.

Research has shown that there are individual differ-
ences in children and their parents in terms of who are
likely to respond negatively to surgical procedures. In
particular, it has been suggested that, high trait anxi-
ety and low sociability in children and high anxiety
in parents are predictive of elevated levels of perioper-
ative anxiety (Fortier, Del Rosario, Martin, & Kain,
2010; Li & Lopez, 2005). In adolescents, baseline
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anxiety, depression, somatization, and fearful temper-
ament are significant predictors of anxiety in the pre-
operative period (Fortier, Martin, Chorney, Mayes, &
Kain, 2011).

Preoperative anxiety is predictive of a number of
negative clinical postoperative outcomes including
prolonged anesthesia induction, poorer postoperative
recovery, and higher doses of postoperative analgesia
(Fortier et al., 2010; Kain, Mayes, O’Connor, &
Cicchetti, 1996; Kain, Wang, Mayes, Caramico, &
Hofstadter, 1999). It has been reported that patients
with preoperative anxiety are at three times the risk
for exhibiting postoperative anxiety and moderate-to-
intense pain (Caumo et al., 2000). In one large-scale
study, Kain and colleagues showed that anxious young
children with high presurgical anxiety had increased
postoperative pain and higher analgesic consumption
(i.e., acetaminophen and codeine) (Kain, Mayes,
Caldwell-Andrews, Karas, & McClain, 2006). Other
studies have shown that children with higher levels of
preoperative anxiety require increased doses of propo-
fol for anesthesia induction and maintenance (Kain
et al., 1999; Maranets & Kain, 1999). Finally, recent
research suggests that the prevention of postoperative
delirium in preschool children would be aided greatly
by managing preoperative anxiety using both psycho-
logical approaches and sedative premedication
(Dahmani, Delivet, & Hilly, 2014).

Children’s emotional and behavioral response to the
stress of surgery include separation anxiety, decreased
sleep, delirium, behavioral problems, and increased dis-
tress in the recovery phase (Kain et al., 1996, 1999,
2004b; Litke, Pikulska, & Wegner, 2012). Preoperative
anxiety has also been shown to lead to longer postoper-
ative recovery with more complications and prolonged
wound healing (Long & Rajagopalan, 2002; McCann
& Kain, 2001). These adverse outcomes can have both
transient and long-term detrimental effects on a child’s
growth, development, and health (Kain et al., 1996).
Furthermore, these negative changes can cause pro-
longed stays in recovery areas, delays entering the oper-
ating room (OR), and increases in health care costs
(Kain et al., 2007; Lee et al., 2013; McCann & Kain,
2001; Perry et al., 2012).

Current Interventions
Given the potential negative effects of preoperative
anxiety, clinicians and researchers have attempted to
apply interventions aimed at reducing its prevalence,
severity, and impact. These include the use of preoper-
ative sedative medications, psychological preparation
programs, and complementary therapies such as read-
ing a storybook, applying age-appropriate teaching in-
terventions, and the utilization of childlife specialists
(Brewer, Gleditsch, Syblik, Tietjens, & Vacik, 2006;
Perry et al., 2012; Tunney & Boore, 2013). Although

sedative premedication is most routinely used, it has
limitations. First, many children experience undesir-
able side effects such as nausea and vomiting (Sinha
et al., 2012). Second, the use of anxiolytic drugs can
be limited by a long onset of effect and duration of ac-
tion, and so it is often difficult to determine the opti-
mal time to administer these drugs in a busy surgical
setting. Third, children sometimes refuse to take these
medications voluntarily owing to their unpleasant af-
tertaste. They are also likely to resist sedation via in-
travenous injections owing to associated pain and
discomfort (Davidson & McKenzie, 2011). Fourth,
there are negative postoperative outcomes associated
with the use of sedative premedications such as ele-
vated risks of delirium, agitation, and pain (Kain
et al., 2004b, 2006). Taking these into consideration,
it is crucial that efficient and alternative means of
managing children’s preoperative anxiety be found.

The most current Cochrane review of nonpharma-
cological interventions for preoperative anxiety in
children was published 6 years ago and was recently
updated in 2015. Both reviews concluded that non-
pharmacological interventions were as effective as
pharmacological treatments (Manyande, Cyna, Yip,
Chooi, & Middleton, 2015; Yip, Middleton, Cyna, &
Carlyle, 2009). Yip and colleagues concluded that
methods such as clown doctors, hypnosis, low sensory
stimulation, and handheld video games seemed to be
effective in reducing children’s anxiety and improving
cooperation during general anesthetic induction
(Kain, Wang, Mayes, Krivutza, & Teague, 2001;
Kuttner, 2012; Patel et al., 2006; Vagnoli, Caprilli, &
Messeri, 2010). For example, Vagnoli and colleagues
(2010) used clowns that interacted with children be-
fore entering the OR and stayed with them along with
their parent throughout anesthetic induction proce-
dure. In another study by Calipel, Lucas-Polomeni,
Wodey, and Ecoffey (2005), hypnosis, a technique
that enables a state of relaxation, was used. While ef-
fective, unfortunately, there are many barriers to the
routine use of these preparation methods because they
are extremely resource intensive, costly, and are not
readily available. Although the last Cochrane review
did not directly discuss the full implications of audio-
visual (AV) interventions, it did mention that large
randomized controlled trials (RCTs) were required to
confirm the usefulness of some of the more promising
nonpharmacological interventions. Of the five non-
pharmacological interventions examined, two con-
tained AV components (Yip et al., 2009). Since then, a
number of studies have been conducted to assess the
effectiveness of these AV interventions. Because music
therapy and other entertainment technologies (e.g.,
virtual reality) might offer alternative solutions to
manage children’s preoperative anxiety in a safe and
economical way, given the promising nature of AV in-
terventions, and because the term “non-pharmacologi-
cal interventions” encompass a broad range of
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treatments, the current review specifically focuses ex-
clusively on the use of AV interventions in reducing
children’s preoperative anxiety (Ahmed, Farrell &
Parrish, 2011).

The Therapeutic Effects of AV Interventions
There has been a long-standing history of use of AV
interventions in both psychology and medicine. Their
use in surgical settings can be traced back to the 1970s
when preparation programs included procedural in-
formation with a sensory component. These programs
reported that they reduced anxiety and improved cop-
ing skills in children undergoing surgery (Melamed &
Siegel, 1975; O’Conner-Von, 2008).

Various forms of AV interventions are now widely
used in adult patient populations. One systematic re-
view summarized the benefits of using educational,
media-based interventions in reducing preoperative
anxiety and in increasing adult patient knowledge and
satisfaction. Anxiety levels before anesthesia were re-
duced in adult patients receiving the video and printed
information compared with those receiving no inter-
vention as shown by a weighted mean difference
(WMD) of 3 points (95% confidence interval
[CI]¼1–5) on the Spielberger State-Trait Anxiety
Inventory (Lee, Chui, & Gin, 2003). Another system-
atic review showed that 30 min of slow and flowing
nonlyrical music is effective in reducing adult patients’
anxiety and pain in perioperative settings. Music inter-
ventions were found to have positive effects on reduc-
ing patients’ anxiety and pain in approximately half of
the 42 reviewed RCTs (Nilsson, 2008). Finally, a re-
cent systematic review reinforced the positive effects
of preoperative education interventions using AV,
visual, and multimedia technologies such as Websites
in reducing adults’ preoperative anxiety (Alanazi,
2014). The collective findings of these systematic re-
views suggest that various types of AV interventions
are effective in reducing preoperative anxiety and its
associated negative postoperative outcomes in adults
undergoing surgery.

Despite the high prevalence of preoperative anxiety
in pediatric populations, evidence supporting the use
of AV interventions is lacking. Over the past few
years, substantial technological advancements have
led to the use of a large variety of AV interventions in
pediatric settings. More recent studies have focused on
using computers and other technologies (i.e., video
glasses and smartphone applications) in reducing chil-
dren’s perioperative anxiety and to manage its associ-
ated postoperative negative outcomes (Kerimoglu,
Neuman, Paul, Stefanov, & Twersky, 2013; Klassen,
Liang, Tjosvold, Klassen & Hartling, 2008; Lee et al.,
2013). In general, these studies suggest that AV
interventions can be helpful in preparing children and
parents for children’s surgeries.

However, to our knowledge, there are no existing
syntheses or reviews dedicated to elucidating the ef-
fects and mechanisms of AV interventions in reducing
children’s preoperative anxiety (Manyande et al.,
2015). Systematically reviewing the literature in this
area can help to pinpoint the effective components
(i.e., exact dosage, timing, and frequency of adminis-
tration) and mechanisms of effective AV interventions
in pediatric populations, as well as guide practice.

Objective
The objective of the present study was to synthesize
and summarize evidence of the effects of AV interven-
tions on reducing preoperative anxiety and its associ-
ated postoperative outcomes such as pain,
postoperative maladaptive behaviors, recovery (e.g.,
decrease in discharge time) in children receiving elec-
tive surgery under general anesthesia. This systematic
review was primarily designed to address the signifi-
cant knowledge uncertainty that exists in this area.
We also examined the acceptability and cost-
effectiveness of AV interventions for this indication.

Method

This systematic review is registered with the
PROSPERO International prospective register of sys-
tematic reviews CRD42014010637 (Chow, Van
Lieshout, Schmidt, & Buckley, 2014). The Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses statement served as a guideline in preparing
this systematic review (Moher, Liberati, Tetzlaff, &
Altman, 2009).

Selection Criteria
The Participants, Interventions, Comparisons,
Outcomes and Study Design approach was used to
generate the research question guiding this systematic
review and to establish study inclusion eligibility crite-
ria. We deemed both RCTs and nonrandomized con-
trolled studies (NRS) eligible for this review, where
studies included children and adolescents under the
age of 18 years receiving elective surgery under general
anesthesia in community, research, and University-
affiliated hospitals, and where AV interventions were
used as experimental treatments. Other study eligibil-
ity criteria included a minimum of two comparison
arms per study and children’s anxiety reported as the
primary outcome. Children’s anxiety was measured
from baseline to the last available follow-up using val-
idated anxiety scales such as the Yale Preoperative
Anxiety Scale (YPAS; Kain et al., 1995), Modified
Yale Preoperative Anxiety Scale (mYPAS; Kain et al.,
1997), and Spielberger’s State-Trait Anxiety Inventory
for Children (STAI-C; Spielberger, Edwards, Lushene,
Montuori, & Platzek, 1973). Secondary outcomes
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examined included postoperative pain, postoperative
maladaptive behavior, recovery, anesthetic induction
compliance, satisfaction, and cost-effectiveness.

AV interventions were defined as involving any au-
dio, visual, or AV components that aimed to reduce
preoperative anxiety in children (e.g., videos, video
games, Internet programs, music). Comparator groups
could be a control group that received standard of
care (SC), no-intervention, parental presence, or low
doses of sedative premedication (e.g., midazolam).
The definition of SC varied between studies but was
generally defined as the routine preparation (i.e., brief
explanations of the medical procedures) provided by
the nurses and/or physicians during the preoperative
period.

Information Sources and Search
A systematic search of electronic databases
(MEDLINE, EMBASE, CINAHL, PsycINFO, Web of
Science, and The Cochrane Controlled Trials Registry
from their inceptions until March 2014) was per-
formed. An electronic search strategy included medi-
cal subject heading terms in MEDLINE, where
keywords and text words were combined.

The electronic search was based on four concepts:
(1) terms related to anxiety: “anxiet*,” “nervous-
ness,” “fear,” “panic,” “distress,” “emotional stress,”
“psychological stress,” “anxious,” “feel* of
apprehens*,” “feel* of dread,” “feel* of worry,”
“feel* of worried,” “feel* of terror”; (2) terms related
to preoperative: “surgical procedures,” “operative,”
“preoperative care,” “surgery,” “surgical,” “preop*,”
“pre-op*,” “periop*,” “peri-op*,” “preoperat*”; (3)
terms related to AV interventions: “distract*,” “car-
toon*,” “computer simulation,” “animat*,” “televi-
sion,” “videodisc recording,” “compact disks,” “cd-
I,” “cd-rom,” “videotape recording,” “broadcast,”
“software,” “hypermedia,” “video games,” “media
based,” “video-audio media,” “media,” “audiovisual
aids,” “multimedia,” “tape recording,” “visual aid*,”
“audiovisual aid*,” “video*,” “*cellular phone,”
“smartphone,” “electronics,” “internet,” “educa-
tional technology”; and (4) terms related to children:
“child*,” “schoolchild*,” “school age*,” “pre-
school*,” “kids,” “toddler*,” “adoles*,” “teen*,”
“boy*,” “girl*,” “minors*,” “pubert*,” “pubescen*,”
“prepubescen*,” “pediatric*,” “schools,” “nursery,”
“primary school*,” “secondary school*,” “elementary
school*,” “high school*.”

The search strategy was developed by the reviewers
in consultation with a research librarian. The same
strategy was used for other databases except with the
search terms adjusted to each specific database.
Examples of these search strategies are available on re-
quest. Studies were identified and hand searches were
conducted on the reference lists of these. There were

no search language restrictions. Case studies, studies
presented only in abstract form, editorials, and unpub-
lished studies were excluded from our search. The last
search was performed on March 3, 2014. Ongoing tri-
als were searched on metaregistertrials.com before
submission.

Study Selection
The screening process was completed independently
by two reviewers (C.C. and R.V.L.) based on the study
inclusion criteria outlined above. The titles and ab-
stracts of each study were initially screened. Duplicate
and nonrelevant studies were eliminated. The full text
of potentially relevant studies was further examined to
determine whether inclusion criteria were met. In the
case of disagreements, a third author (L.A.S.) was
brought in to aid in resolution. The two reviewers met
and agreed on the final inclusion of studies (n¼18).

Data Extraction
A data extraction form was developed for this review.
The form was pilot-tested using two randomly se-
lected studies that met inclusion criteria, and it was re-
fined accordingly. The information extracted from
each study included: (1) studies’ methodological char-
acteristics (i.e., study type, follow-up periods, and
quality of assessment), (2) population characteristics
(i.e., age, gender, setting, & surgery types), (3) details
of the interventions (i.e., type, timing, dose, duration
and frequency), (4) outcome measures (i.e., children’s
anxiety levels), and (5) summary of results and risk of
bias assessments. The primary author extracted data
and information were independently verified by the
second author. Means and standard deviations were
presented as M¼mean, SD¼standard deviations. All
medians and confidence intervals were presented as
Mdn¼median, 95% CI¼ lower limits to upper limits.

Risk of Bias in Individual Studies Within and
Across Studies
The risk of bias was appraised for each study indepen-
dently. The Cochrane Collaboration risk-of-bias tool
was used to assess each study on six evidence-based
domains: (1) random sequence generation, (2) alloca-
tion concealment, (3) blinding of participants, asses-
sors, and outcome assessments, (4) incomplete
outcome data, (5) selective reporting, and (6) other
biases.

Each domain was assessed within and across stud-
ies. If the study addressed the domain appropriately,
low risk of bias was assigned. If the domain was ad-
dressed inappropriately, a label of high risk of bias
was assigned. If information was unavailable to reach
a judgment, then an “unclear” risk of bias was as-
signed to that domain (Higgins, Altman & Sterne,
2011; Sterne, Egger & Moher, 2011).
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Data Synthesis
In addition to a narrative synthesis of findings, a
meta-analytic approach was also used to summarize
the results of the studies (Deeks, Higgins, & Altman,
2011). An inverse variance random-effects meta-anal-
ysis using mean differences (MD) was undertaken us-
ing Review Manager (RevMan) 5.3 software to
compute pooled effect estimates of AV interventions
on preoperative anxiety. This meta-analysis used data
from 10 studies. Eight studies were excluded from the
meta-analysis (Durst, 1990; Ellerton & Merriam,
1994; Huth, Broome, & Good, 2004; Kain et al.,
1998; Kerimoglu et al., 2013; Melamed & Siegel,
1975; Mifflin, Hackmann, & Chorney, 2012;
Robinson & Kobayashi, 1991), as the data required
for meta-analysis were unavailable in the article or
from the study authors.

Data were entered as continuous measures as MD
for each primary AV intervention and comparison
groups. To calculate the mean change within a group,
we used the formula, M¼T2 – T1, where T1 repre-
sented mean anxiety score at the time closest to base-
line, and T2 represented the mean anxiety score at the
time closest to the operation. To calculate standard
deviation values for the mean change, we used the fol-
lowing formula to calculate the standard error,

SE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SD12

N þ SD22

N

q
, where SD1 is the standard devia-

tion at T1, SD2 is the standard deviation at T2, and N
is the number of participants within the arm/group.
Individual MDs for each study and an overall WMD
for AV interventions included in the analysis were as-
sessed. Heterogeneity was assessed using I2 values.
High heterogeneity was defined as an I2 value greater
than 50% (Higgins et al., 2011).

Results

Study Selection
Our search yielded a total of 2,514 citations and 4 ad-
ditional studies were identified from reference lists of
retrieved studies and reviews. Of these 2,514 citations,
499 duplicate studies were eliminated before screening
and so 2,019 studies were initially screened. Studies
were excluded because they did not meet eligibility cri-
teria (e.g., case studies, only presented in abstract
form, editorials, etc.). The full text of 129 studies was
examined, and a total of 18 eligible studies (14
RCTs and 4 NRS) were included in this review
(See Figure 1).

Study Characteristics
A summary of the baseline characteristics of study
participants, AV intervention types, and a description
of each individual AV intervention for the 18 eligible
studies can be found in Table I.

Baseline Characteristics
A total of 18 studies containing 1,897 children and ad-
olescents, ranging in age from 1 to 16 years were eligi-
ble. These studies included children who underwent
general surgical procedures such as unspecified
elective outpatient or ambulatory procedures, (Kain
et al., 2007; Lee et al., 2012), herniorrhaphy only
(Karabulut & Duygu, 2009; Wakimizu, Kamagata,
Kuwabara, & Kamibeppu, 2009), tonsillectomy only
(Huth et al., 2004; O’Conner-Von, 2008), and tonsil-
lectomy or herniorrhaphy (Melamed & Siegel, 1975).
Only one study focused solely on adolescents
(O’Conner-Von, 2008). Overall, there was about a
3:2 ratio of males to females, while one study failed to
report sex (Ellerton & Merriam, 1994). Ethnicity was
mentioned in only four studies but the majority of par-
ticipants were White (Huth et al., 2004; Kain et al.,
2007; O’Conner-Von, 2008). None of the 18 studies
reported information on socioeconomic status. All
studies were conducted in developed countries. The
follow-up periods varied greatly, ranged from no post-
operative follow-up to 1 month after surgery. Dropout
or withdrawal rates were generally low across studies,
ranging from 1 to 9%, with an average of 3% among
the studies that explicitly described attrition.

Types of Interventions
The majority of eligible AV interventions were preop-
erative (pre-op) preparation videos (n¼9) (Durst,
1990; Karabulut & Duygu, 2009; Kerimoglu et al.,
2013; Lee et al., 2012; Melamed & Siegel, 1975;
Mifflin et al., 2012; Pinto & Hollandsworth, 1989;
Robinson & Kobayashi, 1991; Wakimizu et al.,
2009), followed by multifaceted extensive AV prepa-
ration programs (n¼ 5) (Ellerton & Merriam, 1994;
Huth et al., 2004; Kain et al., 1998, 2001, 2007).
Multifaceted extensive AV preparation programs are
defined as those that included a combination of two
or more interventions (e.g., a program that included
the use of imagery booklets, a videotape, and an au-
diotape). The remaining four studies used interactive
games (Lee et al., 2013; Patel et al., 2006) and music
or Internet preparation (Kain et al., 2004a; O’Conner-
Von, 2008). AV interventions were compared with (1)
SC or no intervention control group in 12 studies, (2)
midazolam in two, (3) another AV intervention in two
others, and (4) an OR tour and parental presence in
the remaining two studies. In addition to the routine
preparation, some studies also incorporated guardian
presence in the OR, childlife specialists, or an OR ori-
entation tour, as part of SC (Kain et al., 1998, 2007;
Mifflin et al., 2012). Pre-op preparation videos, multi-
faceted extensive AV preparation programs, and
Internet interventions were intended to provide proce-
dural information that would educate children and
parents about the perioperative process. Watching a
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cartoon or an online video clip, playing an interactive
game, and interactive music were intended to be used
as a distraction tool during the preoperative periods.
Table I provides intervention details for individual
studies.

Timing, Duration, and Frequency of Intervention
Application and Outcome Assessments
Reporting of the timing, duration, and frequency of
intervention application and outcome assessments was
inconsistent between studies owing to variations in
time of measurements. The interventions were applied
from 22 days up to 5 min before surgeries. The dura-
tion of the AV interventions ranged from 5 to 22 min.
Most of the participants were exposed to the AV

intervention just once preoperatively (n¼ 14).
Participants from four studies were asked to use the
intervention more than once, that is, to listen to men-
tal imagery audiotape as often as needed before and
after surgery to manage anxiety and pain (Huth et al.,
2004), to watch pre-op preparation video more than
twice (Kain et al., 2007), to listen to relaxation audio-
tape once a day for a week (Robinson & Kobayashi,
1991), and to watch pre-op preparation video and
read a booklet as frequently as they want at home
(Wakimizu et al., 2009).

Anxiety Scales
Of the 18 studies, 14 showed positive effects on reduc-
ing children’s preoperative anxiety. The most common
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of study selection process
(Moher et al., 2009).
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instruments used to assess children’s preoperative anx-
iety were the observer-rated YPAS and its modified
one added item version (mYPAS), used in nine studies
(Kain et al., 1998, 2001, 2004a, 2007; Kerimoglu
et al., 2013; Lee et al., 2012, 2013; Mifflin et al.,
2012; Patel et al., 2006). Clinical significance in terms
of reductions in children’s anxiety was defined as a
15-point difference or more on the mYPAS in two
studies (Kerimoglu et al., 2013; Lee et al., 2012). The
child-reported STAI-C (Huth et al., 2004; Karabulut
& Duygu, 2009; O’Conner-Von, 2008), the self-
report measure FACES composed of seven anxiety-
related facial expressions (Ellerton & Merriam, 1994;
Wakimizu et al., 2009), and the Observer Rating Scale
of Anxiety (ORSA) (Melamed & Siegel, 1975; Pinto
& Hollandsworth, 1989; Robinson & Kobayashi,
1991) were used in the remaining eight studies. One
study used a nonvalidated list of ratings for anxiety-
related behaviors (Durst, 1990).

Outcomes
Table II provides an overview and summaries of indi-
vidual study outcomes including assessment time
points, scales used, and associated numerical results.
The effectiveness of the interventions is presented ac-
cording to the types of interventions and outcomes as
outlined above.

Risk of Bias Within and Across Studies
Cochrane Collaboration’s Risk of bias tool was used
to assess the biases at the study and outcome level.
Within and across studies, all four NRSs demonstrated
high risks of biases. Twelve RCTs demonstrated low
risks of biases within studies with the exception of
two studies (Lee et al., 2012, 2013), which were as-
sessed as unclear risks. No known selective reporting
and publication biases were identified across studies.

Primary Outcome: Anxiety
All AV Interventions Versus Comparator Groups
(N 5 18)
A total of 18 studies reported children’s anxiety as a
primary outcome. Nine studies used various forms of
video interventions to reduce preoperative anxiety,
and seven of these nine reported positive effects in re-
ducing anxiety (Karabulut & Duygu, 2009;
Kerimoglu et al., 2013; Lee et al., 2012; Melamed &
Siegel, 1975; Mifflin et al., 2012; Pinto &
Hollandsworth, 1989; Wakimizu et al., 2009). Five
studies examined the effects of multifaceted extensive
AV intervention programs (Ellerton & Merriam,
1994; Huth et al., 2004; Kain et al., 1998, 2001,
2007). Two studies compared playing interactive
video games with other interventions in reducing pre-
op anxiety in children (Lee et al., 2013; Patel et al.,
2006). Other AV interventions such as interactive

music therapy and Internet preparation programs
were also examined (Kain et al., 2004a; O’Conner-
Von, 2008).

Weighted MD Between AV Interventions and
Control/SC. Ten studies were pooled to examine the
impact of all AV interventions (Figure 2). Data were
available for 864 unique participants in these 10 stud-
ies (e.g., four videos, two multifaceted AV preparation
programs, two interactive games, one Internet, and
one music therapy) (Kain et al., 2001, 2004a, 2007;
Karabulut & Duygu, 2009; Lee et al., 2012, 2013;
O’Conner-Von, 2008; Patel et al., 2006; Pinto &
Hollandsworth, 1989; Wakimizu et al., 2009). The
WMD was calculated by pooling results of the studies.
Overall, there was a �11.4 point WMD (95%
CI¼�17.29 to�5.59, p< .01) between anxiety scores
in AV interventions and control/ SC groups. This sug-
gests that AV interventions resulted in statistically sig-
nificant reductions in preoperative anxiety in children.
It should be noted that the SC practice varied greatly
between different studies (e.g., no intervention, with
parental presence, and/or with sedative premedica-
tion). There was high heterogeneity in this estimate
(I2¼97%).

Video Interventions Versus Control Conditions (n 5 5)
When compared with control conditions, there seems
to be some support for the effectiveness of video inter-
ventions in reducing children’s preoperative anxiety.
The RCT conducted by Pinto et al. (1989) reported
that children who watched a 22-min peer-modeling
pre-op preparation videotape 1 hr before admission in
the presence of their parent exhibited less preoperative
anxiety compared with the control group (F¼7.47,
p< .0001) as measured by the ORSA. Similar results
was reported in an NRS study by Karabulut et al.
(2009) where they reported on a 12-min pre-op Video
Compact Disc training (M¼ 23.93, SD¼2.92) given
48 hr before surgery, which was found to be signifi-
cantly more effective in reducing preoperative anxiety
than either the control (M¼ 40.37, SD¼5.68) or the
pre-op booklet training group (M¼28.6, SD¼3.92)
as measured by the STAI-C (p< .01). In another RCT,
Lee et al. (2012) also reported that children who se-
lected and watched an age-appropriate movie from a
list using a notebook or tablet personal computer had
the lowest mYPAS anxiety scores (p< .01) in the OR
(M¼ 31.8, SD¼8.8) compared with children who re-
ceived SC (M¼57.4, SD¼18.1) or played with their
favorite toys (M¼43.6, SD¼ 16.1). Finally, in the
work of Mifflin and colleagues, children randomized
to a video distraction group (i.e., watching an age-
appropriate YouTube

TM

clip) had lower median
mYPAS anxiety scores compared with control group
at anesthetic induction. The video distraction group
also showed a smaller increase in anxiety from holding
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to induction area than the control (p< .001) (Mifflin
et al., 2012).

Contrary to the above findings, one NRS reported
no significant differences in anxiety-related behaviors
between a group that received a peer-modeling of a
pre-op preparation video and a group receiving preop-
erative teaching. However, this study failed to include
any numerical data (Durst, 1990).

Video Interventions Versus Other Active
Intervention(s) (Other Video(s), n 5 3; Midazolam,
n 5 1)
In addition to comparing video interventions with
control conditions, four studies also compared video
interventions alone with videos combined with other
interventions. In one RCT, Wakimizu et al. (2009) re-
ported lower anxiety levels on the FACES rating scale
(p< .05) when children were given a peer-modeling
pre-op preparation video with an information booklet
to use at home as frequently as they wanted (M¼ 1.3,
SD¼1.42) and compared this with receiving the same
video preparation at the hospital (M¼2.06,
SD¼1.89). Similarly, in an NRS by Melamed and
Siegel (1975), state measures of anxiety revealed a sig-
nificant reduction in preoperative fear arousal in their
experimental group that received a 16-min peer-
modeling film pre-op as compared with children as-
signed to watch a generic film (F¼ 3.33, p< .02).
Furthermore, Kerimoglu’s RCT used video glasses
with television program viewing alone (Mdn¼ 33.3,
95% CI¼ 25–40), midazolam alone (Mdn¼ 45, 95%
CI¼32.5 to 56.7), or both of these in combination
(Mdn¼ 47.2, 95% CI¼ 28.3 to 56.7). They showed
that all interventions were equally effective in

preventing significant increase in median mYPAS anx-
iety scores during induction of anesthesia (Kerimoglu
et al., 2013).

On the other hand, one study showed no significant
differences between groups that received a peer-
modeling video alone, a peer-modeling video along
with child coping skills training, and a peer-modeling
video along with child and parent coping skills train-
ing (Robinson & Kobayashi, 1991). Taken together,
these studies suggest that peer-modeling videos are ef-
fective in reducing preoperative anxiety in children.
Additional research will be required to examine the ef-
fects of additional coping skills training in reducing
preoperative anxiety in children.

Meta-analysis of the four studies that contained
appropriate data on the effectiveness of video
interventions was conducted and contained 324
unique participants (Karabulut & Duygu, 2009;
Lee et al., 2012; Pinto & Hollandsworth, 1989;
Wakimizu et al., 2009). Overall, there was a�8.62
WMD reduction in anxiety scores between video in-
tervention and comparator groups that included both
SC and other video intervention (95% CI¼�15.08 to
�2.16, p< .01; Figure 3). These results suggest that
video interventions are more effective than compara-
tor groups at reducing preoperative anxiety. When
further examining WMD between video and SC/con-
trol interventions only, the mean difference was ap-
proximately �11.13 (95% CI¼�20.12 to �2.13,
p< .01), indicating that the video interventions were
more favorable than SC in reducing preoperative anxi-
ety. Examination of the forest plots in Figure 3 sug-
gested that the study of Pinto and Hollandsworth
(1989) study accounted for much of the high heteroge-
neity (I2¼97%) in the pooled estimate. In this work,

Figure 2. All audiovisual (AV) interventions versus control/standard of care for children’s preoperative anxiety (weighted
mean difference¼�11.44, 95% confidence interval¼�17.29 to �5.59, p< .01).
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they reported a mean difference between their peer-
narrated video intervention and an adult-narrated
video was 0.20 (95% CI¼�2.19 to 2.59), neither
video was superior to the other.

Multifaceted Extensive AV Preparation Programs
Versus Comparator Groups (n 5 5)
Generally, multifaceted extensive AV preparation pro-
grams included a combination of two or more inter-
ventions such as procedural preparation and the use of
an AV tool. Five studies examined the effects of multi-
faceted extensive AV intervention programs compared
with controls or other interventions. All five reported
significant reductions in preoperative anxiety in chil-
dren (Ellerton & Merriam, 1994; Huth et al., 2004;
Kain et al., 1998, 2001, 2007).

Multifaceted Extensive AV Preparation Programs
Versus Control Conditions (n 5 4)
In a study by Kain et al. (2001), children who received
a low sensory stimulation intervention in the OR (i.e.,
a low light setting at 200 lux, with soft music in the
background, and no conversations taking place during
the anesthetic induction) were shown to be signifi-
cantly less anxious compared with the control group
on entrance to the OR, and on the introduction of the
anesthesia mask (F¼6.3, p¼ .014) as measured by the
mYPAS. In another RCT conducted by Huth et al.
(2004), children who received an intervention that
consisted of mental imagery booklets, a videotape,
and an audiotape reported lower STAI-C anxiety lev-
els (M¼ 30.67, SD¼ 6.51) than those who received
standard preparation (M¼34.27, SD¼7.55)
[Cohen’s d¼ 0.12]. Kain et al. (2007) also showed
that children in their ADVANCE intervention, which

involved a video, mask practice, and coaching by spe-
cialized health care support staff, exhibited lower
mYPAS anxiety levels in the holding area than the SC,
parental presence, or midazolam groups (Cohen’s
d¼0.54). They were also less anxious during induc-
tion of anesthesia compared with the control or paren-
tal presence groups, but were found to have similar
reductions in anxiety to the midazolam group
(Cohen’s d¼0.33). Thus, multifaceted extensive AV
programs may also exhibit an impact similar to mida-
zolam in reducing children’s preoperative anxiety.
Lastly, children and parents participated in the 1-hr
program group retrospectively reported less anxiety
levels using FACES rating scale during the preopera-
tive period when compared with those that did not
receive an intervention (Cramer’s V¼ 0.33, p< .04) in
an NRS (Ellerton & Merriam, 1994).

Multifaceted Extensive AV Preparation Programs
Versus Other Active Intervention(s) (OR Tour, n 5 1)
In one RCT, Kain et al. (1998) showed that children
in a multifaceted program with an OR tour, a video-
tape of pre-op preparation, and childlife preparation
exhibited the lowest median levels of YPAS-rated pre-
operative anxiety (Mdn¼ 9, 95% CI¼6 to 33;
p< .05) during the preoperative period when com-
pared with children that received an OR tour and vid-
eotape (Mdn¼ 32, 95% CI¼ 8 to 50), or an OR tour
only (Mdn¼44, 95% CI¼10 to 72) (Kain et al.,
1998).

When the two studies examining multifaceted ex-
tensive AV preparation program interventions that
contained data that permitted meta-analysis were
pooled (n¼ 265) (Kain et al., 2001, 2007), an overall
WMD between multifaceted extensive AV preparation

Figure 3. Video interventions versus comparator (e.g., standard of care or other video) groups for children’s preoperative
anxiety.
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program interventions and SC of �13.00 (95%
CI¼�21.20 to �4.80, p< .01) was found. This sug-
gests that the multifaceted extensive AV preparation
programs may be superior to control conditions in
reducing preoperative anxiety.

Interactive Game Versus Other Active Intervention(s)
(Parental Presence, n 5 1; Midazolam, n 5 1)
Two studies compared playing interactive video games
with other interventions in reducing pre-op anxiety in
children and were shown to be effective. Patel et al.
(2006) reported that children who played a handheld
videogame with parental presence had the lowest anx-
iety levels as measured by mYPAS at induction
(M¼ 41.7, SD¼ 4.1; p< .05) compared with a group
that received parental presence alone (M¼51.5,
SD¼4) or received both midazolam and parental
presence (M¼53.9, SD¼2.7). Another study con-
ducted by Lee et al. (2013) also showed that children
who used a smartphone with interactive game applica-
tion (app) exhibited lower mYPAS anxiety scores
(M¼ 38.6, SD¼6.4; p< .01) compared with the mid-
azolam alone group (M¼44.8, SD¼ 6.5) at the OR.
However, the lowest anxiety scores were reported in
group that combined the use of both interventions
(M¼ 30.2, SD¼ 3.5). Thus, interactive games appear
to be more effective than parental presence or midazo-
lam alone in reducing preoperative anxiety in children
undergoing elective surgery.

Data from two studies permitted meta-analysis of
interactive game interventions compared with SC and
other interventions (Lee et al., 2013; Patel et al.,
2006). Data were available for 154 participants in
these two studies. An overall WMD of �18.99 (95%
CI¼�40.01 to 2.03, p¼ .08) suggested that interac-
tive games may reduce preoperative anxiety to a
greater extent than other interventions, but it was not
statistically significant. However, the WMD between
interactive games and SC was statistically significant
(MD¼�20.36, 95% CI¼�35.73 to �5.00, p< .01),
indicating that interactive video games were superior
to SC in reducing preoperative anxiety. It was found
that when comparing interactive games versus the
other interventions, the Lee et al. (2013) study favored
the interactive game, while the Patel et al. (2006)
study favored the other intervention (i.e., parental
presence with midazolam).

Other AV Interventions (Music Therapy, n 5 1;
Internet Preparation Program, n 5 1) Versus Control
Conditions
Other AV interventions such as interactive music ther-
apy and Internet preparation programs did not effec-
tively reduce preoperative anxiety in children
undergoing elective surgeries (Kain et al., 2004a;
O’Conner-Von, 2008). No differences in mYPAS

anxiety scores were found between children receiving
either an interactive music therapy group or a control
group. Instead, the use of midazolam (0.5 mg/kg
30 min before surgery up to a maximum of 20 mg)
seemed to be the most effective when compared with
both the interactive music therapy and control group
during preoperative periods (Kain et al., 2004a).
Similarly, in another RCT study that examined an
Internet-based intervention program reported no dif-
ferences in reducing preoperative anxiety in adoles-
cents undergoing elective surgeries compared with the
standard preparation group (O’Conner-Von, 2008).
While these findings suggest that interactive music
therapy and Internet preparation programs may not
be effective at reducing preoperative children’s anxi-
ety, further research is required before firm conclu-
sions can be made.

Summary of Primary Outcome
These results suggest that most, but not all, AV inter-
ventions are effective in reducing children’s preopera-
tive anxiety. Indeed, 14 of 18 studies using AV
interventions reported significant reductions in chil-
dren’s perioperative anxiety. Meta-analysis resulted
from 10 studies also revealed statistically significant
reductions in preoperative anxiety in children. In par-
ticular, videos, multifaceted programs, and interactive
games were more effective than SC and other active
interventions with effect sizes ranging from 0.12 to
0.54.

Secondary Outcomes
Pain (n 5 2)
Two RCTs examined the effect of AV interventions on
postoperative pain levels. Huth et al. (2004) reported
less pain in children receiving a mental imagery inter-
vention in the immediate postoperative period but not
at follow-up 24 hr after discharge as assessed by the
Oucher Pain Scale and Facial Affective Scale.
Moreover, Internet preparation did not reduce pain in-
tensity 2 hr after leaving the postanesthesia care unit
compared with the standard preparation condition
(O’Conner-Von, 2008).

Postoperative Behavior and Recovery (n 5 5)
Five studies examined the effects of AV interventions
on postoperative behavior and recovery. Children in
the ADVANCE multifaceted extensive program group
were reported to be less likely to exhibit symptoms of
delirium, received only half as much analgesia (e.g.,
fentanyl), and were discharged from the recovery
room 20 min earlier than those receiving SC (Kain
et al., 2007). Moreover, treatment groups that re-
ceived peer-modeling preoperative preparation videos
had less vomiting, crying, and fluid intake as measured
by the Recovery Index (Pinto & Hollandsworth,
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1989). Despite the fact that all five studies reported ef-
fective reductions in preoperative anxiety, three of
these studies reported no differences in behavioral
changes exhibited immediately postoperatively (Kain
et al., 2001; Patel et al., 2006) and at 2 weeks follow-
up after surgery (Kain et al., 1998). Thus, reductions
in preoperative anxiety in some, but not all, types of
AV can lead to fewer postoperative negative behav-
iors, less analgesic usage, and faster recovery.

Compliance During Anesthetic Induction (n 5 2)
Two studies reported on children’s compliance during
anesthetic induction assessed by the Induction
Compliance Checklist. Children’s compliance scores
in a low sensory stimuli group that received low light
settings and soft music were higher than the control
group (Kain et al., 2001) though there were no differ-
ences between an interactive music therapy interven-
tion and control group in another study (Kain et al.,
2004a).

Satisfaction With Interventions (n 5 2)
Two studies examined children’s and guardians’ satis-
faction with AV interventions. Wakimizu et al. (2009)
showed that 91.7% caregivers expressed satisfac-
tion with preoperative preparation video. Parents in
the “video at home” group were more active than
the control group in explaining the anesthetic induc-
tion and other surgical preparations to their
children. In another study conducted by O’Conner-
Von (2008), higher satisfaction on surgery preparation
was also found in both adolescents and parents in the
Internet group than in the standard preparation
program.

Cost-Effectiveness (n 5 1)
Only one study reported the approximate cost reduc-
tion associated with the use of AV interventions.
In Pinto and Hollandsworth’s study (1989), a video in-
tervention was estimated to reduce health care costs
by $183 per child.

Discussion

The objective of this systematic review and
meta-analysis was to examine studies assessing the ef-
fectiveness of AV interventions at reducing preopera-
tive anxiety in children undergoing elective surgery.
To our knowledge, this is the first comprehensive
review to systematically investigate the impact of AV
interventions on outcomes that included preoperative
anxiety, postoperative pain, postoperative maladap-
tive behaviors, recovery, anesthetic induction compli-
ance, satisfaction, and cost-effectiveness.

Our review suggests that AV interventions are a
promising and potentially cost-effective tool in helping

to ameliorate children’s preoperative anxiety, as well
as improving a number of other adverse perioperative
outcomes. Fourteen of the 18 studies led to reductions
in children’s preoperative anxiety. Meta-analysis of
the 10 studies on the effectiveness of AV interventions
were pooled. Our result showed that there was an
overall �11.4 (95% CI¼�17.29 to �5.59, p<0.01)
statistically significant WMD reduction between pre-
operative anxiety scores in AV interventions and con-
trol/ SC groups in children. Videos, multifaceted
programs, and interactive games alone or in combina-
tion with other interventions (such as midazolam)
were the most effective and reported low to medium
effect sizes. Generally, these AV interventions were
more effective than SC and as effective as midazolam.
Conversely, interactive music therapy and Internet
preparation interventions did not appear to be effec-
tive though relatively few studies examined these.
There was moderate support for improving children’s
postoperative behaviors and recovery such as reduced
levels of symptoms of delirium, and more rapid recov-
ery. Furthermore, the results of postoperative pain, an-
esthetic induction compliance, satisfaction, and cost-
effectiveness comparisons also supported the use of
AV interventions. However, these results require more
support, as only a limited number of studies reported
data for these outcomes.

Children and parents seemed to be satisfied with re-
ceiving AV intervention at home before surgery
(Wakimizu et al., 2009). These families were able to
use the AV intervention as an additional support to
deal with a perceived threatening situation (i.e., sur-
gery) in the comfort of their home rather than in a
busy hospital environment. When facing surgery,
many children develop a loss of sense of control and
fear of the unknown (e.g., the hospital environment,
staff, procedures). Therefore, we propose that AV in-
terventions can help these children with regaining a
sense of control over this stressful situation by being
exposed to procedural material before the surgery.
Children are also then more likely to be receptive to
learning about the complex information if the AV in-
tervention is given in an age-appropriate format
and will be better equipped to cope with preoperative
anxiety. This will lead to increased satisfaction with
the whole perioperative experience (Brewer et al.,
2006).

Although only one study has conducted cost-
effectiveness analyses, it seems that minimal time and
health care resources are involved in the majority of
the AV interventions in this review. Because of the au-
tomatic and reusable nature of AV interventions, it
might be advantageous to include cost-effectiveness
analyses in the conduct of future RCTs to examine
whether AV interventions are more financially sound
options compared with currently used interventions in
reducing preoperative anxiety.
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Why Did Some of the AV Interventions Not Work?
Of the 18 studies reviewed, only 4 studies showed no
reduction in anxiety compared with control interven-
tions. In addition to using various distraction tech-
niques (i.e., interactive games or cartoons), the
content of the AV interventions (e.g., what, when, and
how the informational component of the perioperative
intervention is presented) might also account for the
differential treatment effects observed. The findings of
the studies contained in this review suggest that AV in-
terventions with procedural information alone might
be sufficient for a child to cope with the perceived an-
ticipatory threat, and that any additional coping skills
endowed by narration might not be necessary, as they
fail to contribute to reductions in preoperative anxiety
(Kain et al., 1996, 1998). Also, the use of interactive
music therapy and Internet interventions required
minimal interactions and primarily used either audio
or visual components, but not both. This stresses the
importance of potentially including multisensory stim-
ulations for an effective AV intervention.

As mentioned, despite reporting reductions in
preoperative anxiety, three studies showed no group
differences in postoperative behavioral changes (Kain
et al., 1998, 2001; Patel et al., 2006). This discrepancy
could be explained by possible modifying variables
and/or the tools used to measure postoperative behav-
iors. Aside from preoperative anxiety, research has
shown that a child’s age, temperament, parental
anxiety, and previous hospital experience can indepen-
dently predict anxiety levels during the preoperative
period and its effect on postoperative changes (Kain
et al., 1996; Varughese, Nick, Gunter, Wang, &
Kurth, 2008; Watson & Visram, 2003).

Furthermore, use of the parent-reported
Posthospital Behavior Questionnaire (PHBQ) scale
rather than a child self-report scale might contribute
to three studies showing reductions in anxiety but not
postoperative behaviors. Although the PHBQ is
widely used and validated, the results may be biased
by the parent’s perception of their child’s behavior
(Patel et al., 2006). This idea of respondent mismatch
is also supported by another study that showed moth-
ers might not be as accurate as attending anesthesiolo-
gists in predicting their children’s anxiety in pediatric
settings (MacLaren et al., 2010).

Methodological Quality
While the results of studies of AV interventions are en-
couraging, there are some methodological issues that
need to be noted. All four non-RCTs revealed a high
risk of bias, lacking important elements such as proper
randomization and blinding (Figure 4). Specifically, in
one NRS conducted by Durst (1990), the author used
nonvalidated observer’s report to note behavioral
changes and reported no differences between control

and videotape group. When assessing this study with
Cochrane Risk of Bias tool, it had high risk of biases
in many domains such as incomplete data and selec-
tive outcome reporting. In addition, this study also
lacked numerical data, which altogether could influ-
ence the conclusiveness of the results. With the

Figure 4. Risk of bias summary. Each risk of bias item was
assessed for each included study. If the study addressed
the domain appropriately, low risk of bias was assigned
(þ). If the domain was addressed inappropriately, high risk
of bias was assigned (�). If information was unavailable to
reach a judgment, then an “unclear” risk of bias was as-
signed to that domain (?).
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exception of this Study, 3 of the 4 NRSs revealed posi-
tive results in the reduction of preoperative anxiety.

The majority of RCTs demonstrated low risks of
biases in the assessed domains with the exception of a
few. In the Kain et al. (2004a) study, subgroup analy-
sis revealed differential therapist effects. This differen-
tial effect might be attributed by differences in skill
training and potentially biased the results. It is impor-
tant to note that an ideal AV intervention should not
require skill training in its use or administration.
Another RCT study examined an Internet preparation
program conducted at home, which raises some issues
with noncompliance with the program. It is difficult
to determine whether the adolescents have used the
Internet program as intended, to the fullest extent, or
without distractions during use (O’Conner-Von,
2008). Additionally, two RCTs were assessed as
“unclear risks” owing to the incomplete reporting on
randomization and blinding methods (Lee et al., 2012,
2013). Across studies, blinding of the participants was
difficult owing to the visibility nature of these inter-
ventions. Double blinding was only reported on one
study of the RCTs (Wakimizu et al., 2009). In addi-
tion, the definition of “standard of care” was poorly
explained in several studies (Kain et al., 1998;
Kerimoglu et al., 2013; Patel et al., 2006). Some of
these studies revealed potential confounding biases as
co-interventions such as childlife specialists and paren-
tal presence that were considered as part of “standard
of care” or used as optional rescue therapy (Kain

et al., 1998, 2001, 2004a). These methodological is-
sues need to be considered when the findings of these
studies are examined at the outcome level. It seems
that high-risk NRS showed better effects, whereas
lower risk RCTs showed poorer effects of their inter-
ventions on outcomes.

When designing future RCTs, investigators should
consider the use of proper randomization and blinding
strategies, the administration of both validated ob-
servers’ reports and self-reports of behavioral changes,
and the use of the intention-to-treat method as the pri-
mary analysis. These changes would enhance the va-
lidity of the results of studies. In addition, it might
also be beneficial to take a more descriptive approach
to the definition of “standard of care.” This is an
important issue because studies that include co-
interventions may show less of an effect than those
involving no other interventions.

How Do AV Interventions Affect Preoperative
Anxiety?
Potential Mechanisms
While the mechanisms by which AV interventions re-
duce perioperative anxiety have not been formally
studied, these may operate by enhancing cognitive
coping strategies via the use of various distraction
techniques (see Figure 5). Similar techniques are also
widely use in reducing anxiety with other medical
procedures such as cancer treatment, childhood immu-
nizations, and venipuncture (Kleiber & Harper, 1999;

Figure 5. This theoretical model shows the potential mechanisms by which AV interventions may reduce preoperative anxi-
ety and associated morbidity in children undergoing surgery. Predictors such as high trait anxiety and low sociability lead
to elevated preoperative anxiety. AV distraction and other mechanisms (e.g., learning and/or rehearsal) reduce preopera-
tive anxiety and ameliorate negative postoperative psychological, behavioral, and clinical outcomes. Contrarily, preopera-
tive anxiety remains high in the absence of AV distraction.

198 Chow, Van Lieshout, Schmidt, Dobson, and Buckley



Koller & Goldman, 2012; Wint, Eshelman, Steele, &
Guzzetta, 2002).

As Koller and Goldman have postulated, distrac-
tion competes for and diverts children’s attention
from perceived threatening stimuli (such as anesthetic
induction) to nonthreatening stimuli (e.g., videos and
playing interactive games), thus reducing anticipatory
distress and anxiety. This diversion of attention can be
further subdivided into active and passive distraction
(Koller & Goldman, 2012).

Passive distraction redirects a child’s attention by
observation. In this review, using peer-modeling pre-
operative preparation videos, viewing a cartoon, an
online videoclip, or using video glasses can passively
distract participants. Most of these interventions do
not require the child’s feedback and input. Peer-
modeling videos also allow the child to learn new
skills by passively watching another child similar to
themselves to perform a task that he/she will later
mimic. For the intervention to be effective, peer
models should be age and developmentally matched
with observer to properly convey the complex
perioperative information (Kain et al., 1996; Schunk,
1987).

Active distraction, on the other hand, actively pro-
motes the child’s participation in an activity before
surgery. Interactive games are examples of active AV
distraction. Patel et al. (2006) demonstrated the use of
active distraction, as playing a video game involves
active engagement and interaction in addition to the
diversion of attention. Active distraction requires
more cognitive processing to focus and to provide
feedback on the task. Theoretically, by shifting their
attention and cognitive processing, the child becomes
less aware of their environment making them less anx-
ious about the surgery during the preoperative period
(Dahlquist, Pendley, Landtrip, Jones, & Steuber,
2002).

In general, using either active or passive AV distrac-
tions can be effective in reducing preoperative anxiety.
The literature seems to suggest that the more sensory
modalities (i.e., auditory, visual, kinesthetic, and
tactile senses) that are recruited or used in an AV inter-
vention, the less attention that will be available for the
perceived threatening stimuli, thereby potentially opti-
mally attenuating the distress associated with periop-
erative procedures (DeMore & Cohen, 2005). Aside
from distraction, preoperative anxiety might also be
reduced via the learning and rehearsal of relevant pro-
cedural information before surgery as was demon-
strated in peer-modeling video-based interventions or
OR orientation tours. This prior exposure essentially
allows for children and parents to cognitively cope
with the uncertainty associated with the impending
hospital experience. This view is also supported by
Neufeld and Davidson (1971), who suggested that sur-
gical stress can be reduced if adult patients can

mentally work through upcoming events and develop
a feeling of being able to actively cope with it to re-
duce surgical threat. While beyond the scope of this re-
view, it might be worthwhile for future studies to
examine the specific impact of rehearsal effects and/or
knowledge gain from AV interventions. Future re-
search should also focus on more fully understanding
the mechanisms underlying the effectiveness of AV
interventions so that they can be optimized for clinical
use.

Limitations
It is important to note that there was substantial clini-
cal and methodological heterogeneity (i.e., SC prac-
tices, interventions, timing and duration, outcome
measures using various scales, different comparison
groups, etc.) across studies. Thus, it is difficult to defi-
nitely pinpoint which aspects of the AV interventions
will be the most beneficial.

First, in this review, four studies were conducted by
a single research group and so to establish the validity
and generalizability of their results, their findings
should be replicated by other independent research
teams. Second, only children receiving elective surger-
ies (i.e., tonsillectomy, herniorraphy, etc.) were in-
cluded in this review to control for confounding
factors. Effects of AV interventions on other types of
surgery such as dental or more invasive surgeries
should also be examined to establish the generalizabil-
ity of our conclusions. Third, many of these studies
have small samples sizes and only eight provided justi-
fication for their recruitment numbers. Larger, ade-
quately powered RCTs need to be conducted to
replicate these results. Fourth, as this is the first to re-
view the effectiveness of AV interventions, a wide
range of modes was included. Future studies should in-
vestigate subtypes of AV interventions, their intensi-
ties, durations, and frequencies (i.e., dose) to see
which components contribute most to effectiveness
and to develop the most optimal intervention(s). Fifth,
the scales used to report preoperative anxiety across
studies varied widely. A new tool, specifically a self-re-
ported, age-appropriate instrument, should be devel-
oped to measure preoperative anxiety more
accurately. Sixth, inconsistent assessment and mea-
surement time points, ranging from 1 week before sur-
gery up to just before anesthetic induction, were used.
Because of this inconsistency, it was difficult to deter-
mine the optimal administration time of the AV inter-
vention preoperatively. And seventh, high variability
exists in control groups within studies, ranging from
no intervention, to including parental presence, mida-
zolam, or childlife specialists. Lastly, only 1 of 18
studies had looked at the effects of AV interventions
in the adolescent population, thereby limiting our
findings to mostly younger children. Given that many
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developmental changes occur during the transition
from childhood through adolescence, this highlighted
the importance of possibly examining the developmen-
tal trajectories of preoperative anxiety in children and
adolescents undergoing surgery in future work.

Recommendations
Based on our results, simple, interactive, multisensory
AV interventions should be given a sufficient amount
of time before surgery and divert a child’s attention to
allow the child to internalize learned information
seem to be ideal. Such interventions should also be de-
signed in the form of peer-modeling to be age and de-
velopmentally appropriate. The minimum frequency
requirement for administration seems to be at least
once before surgery, and at least 5 min in length. To
maximize its effectiveness, it should be available for
use as frequently as desired, making the home setting
an ideal place for the intervention.

This review highlights the need for large, ade-
quately powered RCTs with optimal measurement
quality to accurately evaluate the effects of AV inter-
ventions. Furthermore, the inclusion of more complex
and/or repeated surgical events experienced by chil-
dren should be included given their clinical relevance.
Recent technological advancements will allow the in-
corporation of age-appropriate preoperative informa-
tion in the form of technologies such as virtual reality
programs and tablet-based applications. Further ex-
ploration of the importance of timing and exposure in
these interventions is warranted, as is the inclusion of
tracking software to record exposure quantity, as well
as interactive modules that incorporate preferences
and feedback from users would also help to optimize
interventions. Moreover, there is paucity of literature
on perioperative outcomes in adolescents. Thus far,
only one study has investigated the effects of Internet
preparation on adolescents between the ages of 10–16
years and reported no significant differences in preop-
erative anxiety and pain intensity between the SC and
intervention groups. It would be of significant value to
examine the effectiveness of AV interventions in both
children and adolescents undergoing surgery. Finally,
future studies should delineate potential predictors
and moderators of interventions on perioperative
anxiety.

Conclusion
In conclusion, there is evidence to support the use of
AV interventions in reducing anxiety for children who
are undergoing elective surgeries. Our results, both
quantitatively and qualitatively, show that AV inter-
ventions are more effective than SC in reducing anxi-
ety, postoperative pain, behaviors and recovery,
improving compliance during anesthetic induction
and are well-tolerated. As such, AV interventions

might be an attractive solution to optimizing perioper-
ative care in children. Future studies should examine
the impact of preoperative anxiety in all children and
adolescents undergoing surgery.

Clinical Implications
Reducing preoperative anxiety has the potential to op-
timize surgical care. Despite its high prevalence, pre-
operative anxiety in children remains an understudied
topic. Children experiencing preoperative anxiety and
their families are affected in many ways. Aside from
the emotional distress and trauma they can experi-
ence, these children are at a much higher risk of mani-
festing maladaptive behaviors such as separation
anxiety, aggression toward authority figures, sleep
problems, and increased fear of physicians (Kain et al.,
1996). These children generally have issues with fu-
ture health care compliance, which further poses
threats to their individual health and development.
Furthermore, preoperative anxiety also leads to in-
creases in analgesic consumption, prolonged stays in
recovery areas, delay in entry to ORs, and longer hos-
pital stays, which together increase suffering and
health care costs. AV interventions appear to be a
promising tool for reducing preoperative anxiety and
ameliorating postoperative anxiety and its associated
morbidity in children undergoing surgery. AV inter-
ventions can be effective if used independently or
adjunctively to SC practice. They are cost-effective,
readily accessible, easy to administer, and have the po-
tential to be adapted and used in many hospital
settings.
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