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Abstract

Objective—The purpose of this study was to determine the proportion of children undergoing
procedural sedation for fracture reduction in the emergency department (ED) observed to
experience negative post-discharge behaviors. Predictors of negative behaviors were evaluated,
including anxiety.

Methods—This was a prospective cohort study of children receiving intravenous ketamine
sedation for ED fracture reduction. The child’s anxiety prior to sedation was measured with the
Modified Yale Preoperative Anxiety Scale. Negative behavioral changes were measured with the
Post-Hospitalization Behavior Questionnaire 1-2 weeks after discharge. Descriptive statistics and
odds ratios were calculated. Chi square test was used for comparisons between groups.
Multivariable logistic regression models evaluated predictors of negative behavioral change after
discharge.

Results—97 patients were enrolled, 82 (85%) completed follow-up. Overall, 33 (40%) children
were observed to be highly anxious pre-sedation and 18 (22%) had significant negative behavior
changes after ED discharge. Independent predictors for negative behaviors were high anxiety
(OR=9.0, 95% CI 2.3-35.7) and non-white race (OR= 6.5, 95% CI 1.7-25.0).

Conclusion—TFor children undergoing procedural sedation in the ED, two in five children have
high pre-procedure anxiety and almost one in four have significant negative behaviors 1-2 weeks
after discharge. Highly anxious and non-white children have increased risk of negative behavioral
changes which have not been previously recognized in the ED setting.
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Introduction

Background

Children in the Emergency Department (ED) frequently undergo procedures associated with
significant distress despite appropriate pain control due to anxiety and the developmental
stage of the child. Children can exhibit post-traumatic stress symptoms and negative
responses to future visits when procedures are not accompanied by appropriate pain control
or sedation.2 Children in the ED setting typically undergo procedural sedation in order to
avoid this psychological trauma and permit safe completion of the procedure.

Although never previously evaluated for children that undergo ED procedural sedation, the
link between anesthesia and negative behaviors during the weeks that follow has long been
established in the surgical literature. Such a link was first described by Eckenhoff in 19533
in an observational study of 612 children who underwent general anesthesia. Personality
changes were reported by the parents of 17% of children during the two months after the
operation. Over the next 60 years, multiple researchers found similar links between
anesthesia and negative behavioral outcomes, with short-term negative behavior rates
ranging from 24% to 54% when assessed up to two weeks post-anesthesia.*~8 These
negative behaviors were divided into behavioral subcategories with the most frequently

reported behavioral changes being sleep anxiety, separation anxiety and apathy/withdrawal.
6-7,9-10

Many studies have shown a link between children who experience high anxiety prior to
anesthesia and negative behaviors in the weeks to months after anesthesia. Children
observed to be “very anxious” were 40% more likely to have a negative behavioral change.5
Other studies by Kain et al. have shown anxious children have a 3.5 times odds of negative
behaviors® and increased separation and general anxiety.10 Other researchers have
demonstrated this relationship between anxiety and negative behavioral changes post-
anesthesia including Zavras et al. who found that children with increased pre-anesthesia
anxiety have almost five times the risk of post-anesthesia negative behavioral changes 4 and
Beringer et al. who demonstrated that children with higher pre-anesthesia anxiety scores had
increased negative behavioral changes.8

Importance

Though thousands of pediatric procedural sedations occur in the ED setting each year, there
is only one pilot study evaluating negative behavioral changes post-discharge following ED
procedural sedation.!! A study of 60 children undergoing either abscess drainage or
laceration repair found 20% had negative behavioral changes at 1 week after discharge.
Although laceration repair is typically considered a less painful procedure, both the
laceration repair and the abscess drainage groups were found to have negative behavioral
changes suggesting patient or procedural factors may be associated with negative outcomes.

Acad Emerg Med. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pearce et al.

Goal

Methods

Page 3

To date, no study has evaluated the factors associated with negative behavioral change nor
specifically assessed the association between anxiety and negative post-discharge behaviors
for children sedated in the ED.

The purpose of this study was to determine the proportion of children undergoing procedural
sedation for fracture reduction in the ED observed to experience negative post-discharge
behaviors. Predictors of negative behaviors were evaluated, including anxiety.

Study Design and Setting

This was a prospective cohort study at the Children’s Hospital of Wisconsin (CHW) ED in
Milwaukee, Wisconsin from October 2014 to September 2015. This tertiary care ED has an
annual volume of 65,000 pediatric visits. This study was approved by the CHW IRB.

Selection of Participants

Children eligible for the study were between the ages of 2 and 18 years who were discharged
to home after receiving sedation with intravenous ketamine for fracture reduction. Children
were excluded if they had moderate to severe developmental delay or were in non-English
speaking families because the anxiety scoring tools used have not been validated in these
populations. Children were also excluded if they were taking psychotropic medications or
had an Emergency Severity Index (ESI) triage level of 1, who are considered critically ill
patients requiring immediate life-saving interventions. Children were only eligible to be
enrolled once. Informed consent was obtained from a parent or guardian, and assent
obtained from all children 7 years and older.

Methods and Measurements

Predictors

All ED care, sedation care, medication choices including concurrent use of any analgesics
and discharge plans were at the physician discretion. Figure 1 shows a flow diagram of study
procedures.

Routine demographic data were collected including race (white or non-white), age (<5 years
or >5 years), gender, ethnicity (Hispanic or Non-Hispanic), and presence of a co-existing
medical condition (ADHD, asthma, cardiac condition, liver disease, neurologic problem,
pulmonary disorder, reactive airway disease, history of sedation failure, or seizures).
Fracture type and whether patients were prescribed opiates for home was recorded. Sedation
duration (time of ketamine administration to patient return to baseline determined by nursing
of <30 minutes or >30 minutes), whether children received midazolam or analgesics prior to
the sedation, cumulative dose of ketamine (mg/kg) given, adverse events during the sedation
and whether children received an opiate prescription upon discharge were recorded. The
cutoff points for age and sedation duration were chosen by expert opinion.
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Child anxiety was assessed using the Modified Yale Preoperative Anxiety Scale (mYPAS)
by the pediatric emergency medicine (PEM) physician. The mYPAS is a validated
instrument that has been widely used for assessing anxiety in children undergoing
anesthesia. 79 It has been previously compared to the gold standard for anxiety
assessment, the State-Trait Anxiety Inventory-Child (STAI-C), and found to have excellent
reliability and validity.12 It has been validated in children 2 to 18 years.1? The board
certified PEM physician or fellow caring for the child in the ED completed the mYPAS
immediately prior to sedation. The child was evaluated in each of the 5 categories of the
mYPAS (activity, vocalizations, emotional expressivity, state of apparent arousal and use of
parents). A weighted score ranging from 23 to 100 was calculated using the published
scoring methods. Based on prior literature, children were categorized into the high anxiety
group if their score was 40 or greater.13

A parent or guardian reported the primary outcome measure, the Post-Hospitalization
Behavior Questionnaire (PHBQ) at baseline in the ED and at phone follow-up 7 to 14 days
after ED discharge. If phone contact was not made with the parent, the survey was mailed to
the home. The PHBQ is a well-validated parent-report instrument designed to assess
children’s behavior with 27 questions in 6 categories (general anxiety, separation anxiety,
sleep anxiety, eating disturbance, aggression toward authority and apathy/withdrawal).14
Each category has a different number of possible questions ranging from 2 questions for
“eating disturbance” to 8 questions for “general anxiety.” Parents rated the child’s behaviors
as much less than before, less than before, same as before, more than before or much more
than before. Parents completed the PHBQ in the ED based on the child’s behavior the week
prior to the sedation to obtain a baseline value. The follow-up PHBQ assessed the child’s
behavior during the week after the sedation. The difference in scores between the first and
the follow-up PHBQs was calculated. Significant change is defined as 7 or more negative
changes from the first to the follow-up questionnaire.5: 7 The PHBQ was originally designed
to study negative behavioral changes in children after surgery or hospitalization but has been
used in the ED setting.11

The sample size was calculated to detect a 3.5 times increased incidence of post-sedation
negative behavioral change in patients with high levels of anxiety.? Children with low
anxiety were estimated to have a 10% incidence of negative behavioral change. Based on a
two-sided a level of 0.05 and a power of 0.80, we estimated that 24 patients were needed for
each group. With an estimated 10% loss to follow-up rate, 27 children total were needed for
each group for an enrollment of 54 children. The sample size was increased to 80 to include
at least 10 children for each of the clinical factors hypothesized to be associated with a poor
outcome that were included in the univariable analysis and considered for inclusion in the
multivariable analysis; race, age, gender, ethnicity, sedation duration, presence of a co-
existing medical condition, use of midazolam and anxiety.

Descriptive statistics were used to compare the patients included in the analysis to those who
were lost to follow-up. Negative behavioral changes reported by parents were described
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across the six categories of the PHBQ. As has been done previously in the ED setting, we
also described the percentage of patients showing greater than 50% of the potential changes
in any given category to determine which specific behaviors were most frequent.11
Univariable analysis including chi square tests were used to assess differences in patient and
procedural characteristics for children who displayed negative behavioral change and those
with high pre-sedation anxiety. Odds ratios with 95% confidence intervals were calculated.

Multivariable logistic regression analysis was performed to examine factors associated with
negative behavioral change. Predictors were included in the multivariable analysis if they
had a p-value of <0.2 in the univariable analysis. P-value for the Hosmer and Lemeshow
Goodness-of-Fit test was calculated to determine adequacy of the model. A statistical
significance (a) level of 0.05 was used throughout, and SAS Studio Enterprise Edition,
version 3.2 (SAS Institute, Cary NC) was used to perform all statistical analysis.

Characteristics of Study Subjects

Two hundred eighty-eight children were eligible for inclusion in the study and 112 children
consented (Figure 2: enrollment diagram). It was determined that 6 children were ineligible
after consent was obtained as they met exclusion criteria. A total of 106 children were
enrolled. Fifteen children did not complete the follow-up PHBQ either by phone or mail,
leaving a total of 82 children (85%) who completed follow-up and were included in the final
analysis.

The majority of fractures were forearm fractures (89%). Ninety-three percent of children
received analgesics for pain control prior to the procedure. The mean dose of ketamine was
1.73 mg/kg, standard deviation (SD) +0.68 mg/kg. There were 2 adverse events (2.1%)
reported which included one child with post-sedation emesis and one child with apnea for
>30 seconds. This is comparable to our overall adverse event rate during ED sedations of
2.6%. Ninety-six percent of children received an opiate prescription for home.
Demographics of the study population compared to those patients lost to follow-up are
reported in Table 1. There were no significant differences in these characteristics between
the group that was analyzed and the group that was lost to follow-up. The majority of
children analyzed were greater than 5 years of age (66%), male (72%), white (72%), non-
Hispanic (90%), and without any other medical conditions (85%). The majority of the
sedations lasted greater than 30 minutes (84%) and only 9% received midazolam.

Main Results

Overall, 18 (22%) children exhibited significant negative behavioral change after discharge
following ED procedural sedation. The characteristics of children that experienced negative
behavioral changes are shown in Table 2. The risk of negative behavioral changes is
significantly higher for children with high anxiety and non-white race. The proportions of
those patients with significant negative behavioral change who exhibited greater than 50% of
potential changes in any given behavioral category is shown in Table 3. The most frequently
seen behaviors were separation anxiety in 7 children (39%) and apathy/withdrawal in 8
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children (44%). Overall, 33 (40%) children were observed to have high anxiety pre-sedation.
Younger subjects were more likely to have high anxiety (73% vs. 26%, p<0.001).

Age, race, and anxiety all had p-values of <0.2 in the univariable analysis and were included
in the multivariable analysis. Since age and anxiety were highly correlated and age was not
significant, age was removed from the model. The final multivariable model which included
race and anxiety (Table 4) identified highly anxious children to have 9.0 (95% CI 2.3-35.7)
times the odds and children of non-white race to have 6.5 (95% CI 1.7-25.0) times the odds
of negative behavioral change. Based on the Hosmer and Lemeshow Goodness-of-Fit Test,
the predicted model is adequate (p=0.85).

Discussion

Overall 18 children who underwent fracture reduction with procedural sedation displayed a
negative behavioral change 1-2 weeks after ED discharge. Risk factors associated with these
negative changes were high anxiety and non-white race. The anesthesia literature describes a
similar association between highly anxious patients and negative outcomes post-operating
room.*6:8-10 prior difficult healthcare experiences, which is often considered a proxy for
anxiety,®’ has been shown in several studies to be associated with increased behavioral
problems after post-operative discharge. While in the ED setting, pre-procedure agitation has
been shown to have a moderate correlation with recovery agitation!®, no study has
investigated pre-procedural anxiety with behavioral changes post-discharge following
procedural sedation. Additionally, this study found race to be associated with an increased
odds of negative behavioral change after ED procedural sedation. This association has not
previously been described in either the anesthesia or emergency medicine literature. The role
of race in these behavioral changes is unknown. Several possible confounders not measured
in this study that may be implicated in the relationship between race and behavioral change
include socioeconomic status, family structure, prior healthcare experiences, at home pain
scores and parental/caregiver anxiety. Future studies should take these variables into account
to explore the effects of each on behavioral change.

Overall, 33 (40%) children undergoing intravenous ketamine sedation for fracture reduction
in the ED were observed by the ED physician to be highly anxious pre-sedation. This is a
large proportion of children which is realistic given the ED experience but has not been
previously reported in the ED setting. Younger patients may be more likely to be categorized
as highly anxious because it is more difficult to rationalize and explain procedural sedation
to this age-group resulting in uncertainty and confusion that may lead to increased anxiety.

Given the prevalence of significant negative behavioral changes after ED sedation and the
strong association that high anxiety prior to sedation had with these changes, a potential
solution to mediate these changes is to treat children’s anxiety prior to the procedural
sedation. Preoperative anxiolysis with midazolam8: 9 16. 17 and clonidinel8-20 have already
been shown in the anesthesia literature to decrease the incidence of preoperative anxiety.
Furthermore, Kain et al. have shown that anxiolysis with midazolam significantly decreases
the incidence of negative behavioral changes after general anestheia.?! In the ED setting,
pre-procedure midazolam has not been shown to decrease agitation/emergence phenomena
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in the immediate recovery period.1® 22 However, no studies in the ED setting have
investigated the effect of treatment of pre-procedural anxiety on negative behavioral changes
at home after procedural sedation. At our institution, the use of pre-sedation anxiolysis in
conjunction with sedation is not routinely used with only 9% of children receiving
midazolam.

In summary, for 82 children undergoing procedural sedation for fracture reduction in the ED
setting 18 had negative behavioral changes 1-2 weeks after discharge. These experiences
mirror the published findings in the anesthesia literature.>~’ Additionally, 33 of these ED
patients were highly anxious. Highly anxious and non-white children have increased odds of
negative behavioral changes which have not been previously recognized in the ED setting.
The identification of factors associated with poor post-sedation behavioral outcomes is a
first step toward the development of personalized patient care protocols in the ED setting
which may result in improved patient outcomes.

Limitations

There are limitations to this study. A convenience sample was enrolled. Analysis of the
children eligible and not enrolled and enrolled but not completing follow-up revealed no
difference in patient characteristics, however we cannot be sure that those children who were
not approached for enrollment do not differ from our study patients. Kannikeswaran et al.
found in 2016 that anywhere from 7 to 19% of patients undergoing ED procedural sedation
with intravenous ketamine have some recall of the painful procedure.23 We did not evaluate
for patient recall in this study and so cannot be certain of this effect if any on our results.
There are also multiple variables that could influence children’s behaviors: stress in the
home environment, trauma of the initial accident, and stress from the ED visit itself, to name
a few. While these factors may also influence the post-discharge negative outcomes, they are
known to exist in the ED population and should be included in discussions about negative
outcomes. Many of these factors are difficult to measure or control for but may be an
important avenue for future research studies.
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Figurel.
Flow diagram of study procedures.
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Flow diagram of study enrollment.
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Demographics of analyzed patients and lost to follow-up patients.

Table 1

Analyzed Lost tofollow-up | p-value
n=82 (85%) n=15 (15%)
Age
>5 years 54 (66) 11 (73)
<5 years 28 (34) 4.(27) 0.57
Gender
Female 23 (28) 6 (40)
Male 59 (72) 9 (60) 0.35
Race
White 59 (72) 10 (67)
Non-White 21 (26) 4.(27)
Missing 2(2) 1(6) 0.67
Ethnicity
Non-Hispanic 74 (90) 11 (73)
Hispanic 8 (10) 4.(27) 0.07
Medical conditions
No 70 (85) 12 (80)
Yes 12 (15) 3(20) 0.60
Anxiet
Low 49 (60) 8 (53)
High 33 (40) 7 (47) 0.64
Sedation duration
>30 minutes 69 (84) 14 (93)
<30 minutes 13 (16) 1(7) 0.35
Midazolam given
No 75 (91) 14 (93)
Yes 709 1(7) 0.81
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Table 2

Univariable analysis: Negative behavioral change after ED procedural sedation.

Negative Behavioral Change | No Behavioral Change | OR (95% CI) | P-value
n=18 (22%) N=64 (78%)

Age
>5 years 9 (50) 45 (70) Referent
<5 years 9 (50) 19 (30) 2.4 (0.8-6.9) 0.11
Gender
Female 4(22) 19 (30) Referent
Male 14 (78) 45 (70) 1.5(0.4-5.1) 0.54
Race*
White 8 (47) 51 (81) Referent
Non-White 9 (53) 12 (19) 4.8 (1.5-15.0) | 0.0072
Ethnicity
Non-Hispanic 17 (94) 57 (89) Referent
Hispanic 1(6) 7(11) 0.5 (0.06-4.2) 0.51
Medical conditions
No 14 (78) 56 (87) Referent
Yes 4(22) 8(13) 2.0 (0.5-7.6) 0.31
Anxiet
Low 5 (28) 44 (69) Referent
High 13(72) 20 (31) 5.7 (1.8-18.2) | 0.0032
Sedation duration
>30 minutes 16 (89) 53 (83) Referent 0.54
<30 minutes 2(11) 11 (17) 0.6 (0.1-3.0)
Midazolam given
No 17 (94) 58 (91) Referent
Yes 1(6) 6(9) 0.6 (0.06-5.1) 0.61

Aok

One patient in each group did not report race and were left out of the analysis in this category.
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Proportion of patients with >50% of potential negative behavioral changes in each category of the PHBQ.

PHBQ Behavioral Category | Greater than 50% of potential changes
n=18 (%)
General Anxiety 6 (33)
Separation Anxiety 7(39)
Sleep Anxiety 4(22)
Eating Disturbance 6 (33)
Aggression Toward Authority 6 (33)
Apathy/Withdrawal 8 (44)
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Multivariable analysis: Negative behavioral change after ED procedural sedation.

Table 4

AOR” (95% CI) | p-value
Anxiety
Low 1.0

0.0018
High 9.0 (2.3-35.7)
Race
White 1.0
_ 0.006

Non-White 6.5 (1.7-25.0)

*
adjusted odds ratio

Acad Emerg Med. Author manuscript; available in PMC 2019 March 01.

Page 14



	Abstract
	Introduction
	Background
	Importance
	Goal

	Methods
	Study Design and Setting
	Selection of Participants
	Methods and Measurements
	Predictors
	Outcomes
	Analysis

	Results
	Characteristics of Study Subjects
	Main Results

	Discussion
	Limitations
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

