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Variation in Pediatric Procedural Sedations Across
Children’s Hospital Emergency Departments
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ABSTRACT

OBJECTIVES: Describe the trends in pediatric sedation use over time and determine variation in use
of procedural sedation across children’s hospital emergency departments (EDs).
METHODS: We analyzed ED data from 35 hospitals within the Pediatric Health Information System
for patients ,19 years old who received sedation medications and were discharged from 2009 to
2014. Patients with chronic comorbidities or undergoing intubation were excluded. We determined
frequency and trends in use of sedation and compared these between EDs. Descriptive statistics with
appropriate weighting were used.
RESULTS: Of the 1 448 011 patients potentially requiring sedation who presented to the ED,
99 951 (7.9%) underwent procedural sedation. Medication usage in 2014 included ketamine
(73.7%), fentanyl and midazolam (15.9%), ketofol (7.3%), and propofol (2.7%). Use of fentanyl and
midazolam increased, whereas use of ketamine, pentobarbital, etomidate, chloral hydrate, and
methohexital decreased over time. Signiﬁcant variation exists in the use of sedation across hospitals;
in 2014, the sedation rate ranged 0.2% to 32.0%, with a median of 8.0%. The diagnosis with the
largest variation in procedural sedation use was dislocation, with sedation rates ranging from 2%
to 35%.
CONCLUSIONS: There is signiﬁcant variability across pediatric EDs in the use of procedural
sedation, suggesting sedations may be performed too often or too little in some hospitals.
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The initial guidelines for procedural
sedation in pediatrics were developed and
published by the American Academy of
Pediatrics in 1985.1 These guidelines have
subsequently undergone numerous
updates. There have been advances in the
ﬁeld of procedural sedation that have
solidiﬁed this practice into a safe and
reliable procedure that improves the care of
tens of thousands of pediatric patients
annually.2–6 However, there are no guidelines
on appropriate indications for sedation or
recommended medications for particular
patients or injury types.7,8 There is scant
information describing patterns and
characteristics of pediatric sedation at
a national level, and this information
is limited to a single study in which
researchers focused on procedural
sedation around abscess incision and
drainage procedures.9 In smaller studies,
researchers have suggested substantial
variability in the frequency and type of
pediatric procedural sedation provided in
the emergency department (ED) and on
hospitalist sedation services.10,11
Variation in pediatric care has been
described across a number of patient
groups and conditions, including the
evaluation of febrile infants,12 management
of diabetic ketoacidosis,13 and even
admission rates for common pediatric
illnesses.14 It has been suggested that such
variability should be reduced because it
leads to increased health care costs and
likely decreased quality of care.15–17 In this
study, we sought to describe trends over
time in the administration of procedural
sedation in the ED and to quantify the
variation in procedural sedation in terms
of rate of use, patient characteristics,
indications, and choice of agents. We
hypothesized that tertiary pediatric EDs
exhibit wide variation in the use of
procedural sedation, both across hospitals
and over the study period.

METHODS
Study Design and Setting
We performed a retrospective, crosssectional study using data obtained from
the Pediatric Health Information System
(PHIS), an administrative database that
contains ED, inpatient, ambulatory surgery,

and observation encounter–level data on
every patient from 45 not-for-proﬁt, tertiary
care pediatric hospitals in the United States.
Participating hospitals are tertiary care
institutions located in 17 of the 20 major
metropolitan areas, representing 85% of all
dedicated children’s hospitals within the
United States18 and accounting for 13% of all
inpatient pediatric discharges with the
exception of newborns (S. Reid, PHIS
Analytics Department personal
communication, 2017). These hospitals are
afﬁliated with the Children’s Hospital
Association (Overland Park, KS). Data quality
and reliability are assured through a joint
effort between the Children’s Hospital
Association and participating hospitals.
Portions of the data submission and data
quality processes for the PHIS database are
managed by Truven Health Analytics (Ann
Arbor, MI). For the purposes of external
benchmarking, participating hospitals
provide discharge or encounter data,
including demographics, diagnoses, and
procedures. Nearly all submit data
on resource use (eg, pharmaceuticals,
imaging, and laboratory). Data are
deidentiﬁed at the time of data submission
and are subjected to reliability and validity
checks before being included in the
database. We limited our analysis to the
37 hospitals with comprehensive data in
the PHIS data set since 2009.

Study Population
Children younger than 19 years of age who
presented to the ED of a participating PHIS
institution between January 1, 2009, and
December 31, 2014, were eligible for
inclusion. On the basis of previous studies
in which researchers delineated the
most common indications for pediatric
procedural sedation,10,19 we identiﬁed
patients who would potentially receive
procedural sedation using their ED visit
diagnoses. These diagnoses were identiﬁed
by using the following International
Classiﬁcation of Diseases, Ninth Revision,
Clinical Modiﬁcation codes for the principal
diagnosis in the PHIS: fracture (810.0–829.1),
dislocation (830.0–838.19), laceration (870.0–
884.2; 890.0–894.2), abscess/pilonidal cyst
(681.0–682.9 or 685.0–685.1), external burn
(940.0–946.5 948.0–949.5), septic joint/effusion

(711.0–711.99; 719.0–719.3), and partial ﬁnger
amputations (885.0–886.1). For analytical
purposes, diagnoses were classiﬁed into the
categories of fracture, laceration, abscess,
dislocation, and other (external burns, septic
joint or effusion, and partial ﬁnger
amputations).
Children were excluded if they had a
chronic comorbid condition (eg, cerebral
palsy, cystic ﬁbrosis, congenital heart
disease, etc) as deﬁned by Feudtner et al20
because the considerations and indications
for sedation may be different in these
populations. Because sedation medications
are also used for intubation, we excluded
patients who were given the following
neuromuscular blocking agents:
succinylcholine, rocuronium, vecuronium,
cisatracurium, and/or pancuronium. Lastly,
given that the PHIS does not account for
whether medications were administered in
the ED or in an inpatient setting, we excluded
patients admitted to the hospital or the
operating room to guarantee that these
medications were not given outside of the ED.
To determine which patients underwent
procedural sedation, we used the PHIS data
in which medication administration was
captured. This methodology has been used
in a previous PHIS study in which
researchers described procedural
sedation.9 The administration of the
following medications or combinations of
medications in conjunction with the above
diagnoses was considered to constitute
procedural sedation on the basis of current
literature21,22: propofol, ketamine, ketamine
and propofol, midazolam and fentanyl,
dexmedetomidine, etomidate, chloral
hydrate, pentobarbital, methohexital,
and meperidine, promethazine, and
chlorpromazine. Single-agent use of opiate
or benzodiazepine was not considered
procedural sedation but rather analgesia
and anxiolysis, respectively. Although other
opiates and benzodiazepines exist, the
combination of midazolam and fentanyl are
most cited given their inherent short-acting
qualities, providing ideal short-term
procedural sedation. The combination
of meperidine, promethazine, and
chlorpromazine was not found in our query
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during the study period and therefore was
excluded from our analysis.
Data on the administration of nitrous oxide
are not available in the PHIS database
because it is typically administered by the
treating provider and not ordered and billed
through the pharmacy. This might lead to an
underestimation of patients who underwent
procedural sedation in the PHIS. To address
this issue, we conducted a survey on the
use of nitrous oxide at each of the
37 hospitals. We decided a priori that
institutions that used nitrous oxide for 15%
or more of procedural sedations in the ED
would be excluded from the study so as to
prevent misclassiﬁcation about the rate of
procedural sedations. We also gathered
data on whether sedations are routinely
performed in the ED or if procedural
sedation for certain indications is
performed in other settings, such as the
operating room or in a procedural unit by
a sedation service. The survey was sent via
e-mail to the division chiefs of the EDs at
each institution, with follow-up telephone
inquiries to nonresponsive institutions.
We obtained a 100% response rate. Most
hospitals did not use nitrous oxide or used
it minimally; only 2 hospitals used nitrous
for 15% or greater of their sedations, and
therefore the number of eligible institutions
was reduced to 35. None of the EDs
surveyed transferred patients outside the
ED for routine procedural sedation with the
exception of obtaining MRI. The institutional
review board at Boston Children’s Hospital
approved this study with a waiver of
informed consent.

Statistical Analysis
Descriptive statistics were used to describe
the use of procedural sedation overall and
by indication across hospitals. To test if the
use of sedation medications changed over
time, we estimated a logistic regression
model with sedation medication use as the
dependent variable and time (coded in
years) as the independent variable as a test
of linear trend. A multivariable logistic
regression model was estimated to test
the association between the administration
of procedural sedation and patient
demographic characteristics, including sex,
age, race (white versus people of color),

ethnicity (Hispanic versus non-Hispanic),
and payment source (private versus public
insurance). The sedation rates by indication
were compared across age groups,
deﬁned as 0 to 4, 5 to 11, and 12 to 18 years
of age. These age groups were chosen on
the basis of preschool age, school age,
and adolescent child, respectively.
Given that data were taken from several
hospitals representing thousands of
patients each, the assumption of
independent observations may not hold.
To accommodate these data, we used
regression models with clustered sandwich
SE estimates to allow for intrahospital
correlation, relaxing the assumption that
observations from the same hospital are
independent. A sensitivity analysis was
performed to compare the data with the
full 37 hospitals to the data without the
2 hospitals that were excluded because of
their frequent use of nitrous oxide for
sedations. All statistical tests were 2-tailed
with an a set at .05 and were performed by
using the software package Stata 13.0
(StataCorp, College Station, TX).

RESULTS
There were 1 448 011 ED encounters by
patients ,19 years of age with diagnoses of
interest during the study period. Of these,
we excluded 23 345 (1.6%) because of
complex chronic conditions, 30 522 (2.1%)
for receiving neuromuscular blockade, and
128 758 (8.9%) for undergoing a surgical
operation or admission to the hospital. This
left 1 265 386 (87.4%) patients who met
study criteria, of which 99 951 (7.9%)
received procedural sedation medications.
The number of patients seen at a hospital
level with each given diagnosis throughout
our study period is represented in
Supplemental Table 2.
Patient and Procedural Characteristics
The total rate of procedural sedation was
7.9% across all ages and diagnoses, with
a rate of 7.4% in ages 0 to 4, 9.3% in ages
5 to 11, and 6.3% in ages 12 to 18 years.
Compared with school-aged children (ages
5–11), there was a lower rate of procedural
sedations in adolescents (ages 12–18) and
infants (ages 0–4) (adjusted odds ratio
[aOR] 0.65 [95% conﬁdence interval (CI)

0.61–0.70] and aOR 0.78 [95% CI 0.68–0.90],
respectively). Fractures made up 54.5% of
all procedural sedations, followed by
lacerations (23.4%), abscess or pilonidal
cyst (16.4%), and dislocations (3.2%), with
external burns, septic joint or effusions, and
partial ﬁnger amputations making up the
ﬁnal 2.5%. In the most recent year of the
study (2014), ketamine was used 73.7%
of the time, followed by fentanyl and
midazolam at 15.9%, ketofol at 7.3%, and
propofol at 2.7%, with the rest of the
medications used ,1% of the time.
Patient demographic characteristics are
shown in Table 1. In a multivariable logistic
regression, we found that patients with
public health insurance had decreased odds
of receiving procedural sedation medication
(aOR 0.82 [95% CI 0.70–0.97]) compared
with those with private insurance. All other
patient characteristics in the multivariable
logistic regression were not signiﬁcant.

Trends Over Time
In Fig 1, we show the distribution of
sedation medications used by year to
demonstrate medication trends over time
by using a logarithmic scale. A test of linear
trend was performed on each medication
(or combination of medications) as well as
on all medications combined to assess how
preferences in the choice of agent(s)
changed over the study period. Only the
combination of fentanyl and midazolam
increased, with an OR of 1.39 (95% CI
1.12–1.72) and an absolute rate increase of
12.6%. Other medications decreased in
relative use over the study period, including
ketamine (OR 0.81 [95% CI 0.67–0.98]),
pentobarbital (OR 0.73 [95% CI 0.62–0.86]),
etomidate (OR 0.78 [95% CI 0.65–0.92]),
chloral hydrate (OR 0.37 [95% CI 0.32–0.43]),
and methohexital (OR 0.58 [95% CI
0.46–0.75]). The absolute rate of use for
these medications also decreased (29.5%
for ketamine, 20.14% for pentobarbital,
20.48% for etomidate, 20.43% for chloral
hydrate, and 20.16% for methohexital). Use
of all other medications did not change over
time.

Variability
Figure 2 reveals the variation in procedural
sedation at the hospital level in the earliest
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TABLE 1 Hospital-Level Demographic and Procedural Sedation Characteristics for Pediatric Patients With Select Diagnostic Codes Treated in the
ED From 2009 Through 2014

Median age, y
Boys, %

All Included Patients
(N 5 1 265 386)

Nonsedated Patients
(n 5 1 165 435)

Sedated Patients
(n 5 99 951)

Multivariate Logistic
Regression OR (95% CI)

6 (IQR 3–11)

6 (IQR 3–11)

6 (IQR 3–10)

0.99 (0.98–1.00)

60.4

60.4

60.0

1.00 (0.96–1.05)

Race, %
White

55.4

55.0

60.0

Comparison

African American

24.6

24.9

21.2

0.81 (0.64–1.02)

Other

20.0

20.1

18.8

0.99 (0.77–1.29)

Non-Hispanic

65.6

65.0

71.7

Comparison

Hispanic

21.4

21.7

17.8

0.77 (0.55–1.09)

Other

13.1

13.3

10.5

0.64 (0.38–1.1)

Private

37.7

37.3

43.3

Comparison

Public

52.1

53.6

46.3

0.82 (0.70–0.97)

Other

10.2

10.2

10.4

0.95 (0.67–1.35)

Ethnicity, %

Payment source, %

The category “Other” includes missing variables; however, missing values were excluded from the multivariate logistic regression.

and the most recent year of our study. The
median sedation rate in 2009 was 6.9%
(interquartile range [IQR]: 3.5–9.8) and
ranged from 0.03% to 15.1%. During 2014,
the median sedation rate was 8% (IQR:
3.2–12.3) with a range of 0.21% to 32%.
At the hospital level, the change over time
(2009–2014) in sedation rate varied from
a decrease of 9% to an increase of 26%.
Similar ﬁgures for each diagnostic
category are represented in Supplemental
Figs 4–7.
Figure 3 reveals the variation in the rate of
procedural sedation across institutions by
diagnoses in the most recent year (2014).
The diagnoses with the largest variation
were in the grouped category that included
external burns, septic joint or effusion, and
partial ﬁnger amputations (with a range
from 0%–43%), followed by dislocations
(with a range of 1.9%–34.5%) and abscess
(with a range of 0%–32.3%).

DISCUSSION
Our results demonstrate substantial
variability across pediatric EDs in the use
of procedural sedation for children. There
was substantial variability in procedural
sedation rates both across institutions and
within institutions over the study period.
Medication preferences changed, with the
combination of fentanyl and midazolam

increasing and staple medications such as
ketamine decreasing.
Overall procedural sedation rates show an
absolute rate range of ∼30% between
institutions. Even after removing the outlier
hospitals that constituted the uppermost
25th and lowermost 25th percentiles,
there remains approximately a threefold
difference in the rate of sedations. Within the
diagnosis of dislocation, there is a .15-fold
difference in the rate of sedation across the
hospitals. For fractures, lacerations and
abscesses, we found a .30-fold difference in
procedural sedation rates between
institutions. Variation across pediatric
hospitals in the rate of procedural sedation
may be related to various factors, including
but not limited to local and individual
practice patterns,23 stafﬁng models, and
available resources. Practice patterns,
including patients receiving pain control with
regional anesthesia by using techniques such
as hematoma blocks, nerve blocks, or Bier
blocks in addition to anxiolysis but no formal
procedural sedation, could also be a source
of variability in some of the diagnoses, such
as fractures. Although transfers out of the
hospital are also a possibility, PHIS
institutions are tertiary care centers that
likely serve as referral centers for pediatricspeciﬁc interventions such as procedural
sedation. PHIS data do not allow for a

detailed exploration of hospital-speciﬁc
factors, but the degree of variation is
striking, and we argue for measures to
standardize pediatric procedural sedation
practices.
We did ﬁnd a signiﬁcant change in the use
of speciﬁc medications. Ketamine was the
most frequently used medication, making
up approximately three-quarters of all
pediatric procedural sedations, but it has
decreased in use over recent years. We
found increasing use of fentanyl and
midazolam, especially within the last year of
our study period. We were not able to
identify any published evidence that would
support this recent increase. In fact, many
other drugs, such as propofol, ketofol, and
dexmedetomidine, have had a signiﬁcant
uptick in the pediatric ED literature over the
last 15 years, with providers reporting
favorably on their use in the ED setting.24–26
We did not ﬁnd a signiﬁcant increase in the
use of propofol, which may reﬂect the
challenges in securing approval for use by
nonanesthesiologist providers in some
institutions.24,27 There was an increase of
.10-fold in the use of dexmedetomidine in
2014, although this is not statistically
signiﬁcant and overall use remained ,1%.
On the other end of the spectrum,
medications such as pentobarbital,
etomidate, chloral hydrate, and
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FIGURE 1 Procedural sedation medication trends over time (2009–2014) using a logarithmic
scale. * Decreasing over time; P , .05. ** Increasing over time; P , .05.

methohexital are becoming less popular in
the procedural sedation armamentarium.
This may reﬂect the fact that these medications
have suboptimal side effect proﬁles and are
perhaps less effective than medications that
are now more routinely used.28–31
We cannot ascertain what the correct rate
of procedural sedation should be and
whether certain hospitals are performing
too few or too many sedations. On the one
hand, rates approaching 0 likely reﬂect
underuse: sedation is frequently required to
provide optimal conditions of pain control
and safety during closed reduction,

complicated sutured repair, or incision
and drainage of large abscesses. On the
other hand, overuse of sedation may
unnecessarily expose patients to
medications that carry low but inherent
risks such as hypoxia, laryngospasm, and
aspiration.32,33 Consensus statements
outlining when and how to perform
procedural sedation could help ensure that
sedations are being performed for the
appropriate patients and indications.
Evidence-based guidelines (EBGs) have been
a successful strategy to enable pediatric
EDs to provide more consistent care to

FIGURE 2 Hospital-level procedural sedation rates among pediatric patients in the earliest year,
(2009, red circle) and the most recent year (2014, blue bar). Each number represents
a hospital. Four hospitals did not provide complete data in 2009 and therefore do not
have a data point diagramed as a red circle.

patients.34 These have been used for many
indications in pediatrics, including
bronchiolitis35 and head injury,36 leading to a
reduction in the amount of variability in
management of children. Authors of EBGs
for the use of procedural sedation should
outline inclusion and exclusion criteria,
taking into account the type and severity of
injury as well as patient-speciﬁc medical
and psychosocial factors. There have been
other studies in which researchers
demonstrated differences in costeffectiveness37 and length of stay38 in the use
of procedural sedation; these factors likely
contribute to physician decision-making and
should be incorporated. Finally, authors of
EBGs should provide guidance on the
speciﬁc medications to be considered for
different types of injuries and patients.
Although EBGs allow for deviation at the
providers’ discretion, they would likely lead
to more consistent (and perhaps more
optimal) care across institutions.
Of note, public insurance was the only
demographic factor that decreased the
likelihood of a patient receiving procedural
sedation for the indications we studied.
Disparities in pediatric care related to
insurance status have been previously
documented for multiple aspects of care.39,40
With regard to analgesia and sedation,
insurance status has been shown to affect
opioid prescribing practices41 and the
provision of procedural sedation for
abscess drainage in the ED.9 Procedural
sedation and analgesia overlap on the
spectrum of pain control; therefore, the
etiology may be similar. In previous studies,
researchers have hypothesized that these
differences may be related to parental
request but acknowledge the possibility of
provider bias.39,40 This lower sedation rate
for patients with public insurance is
concerning and merits further investigation.
We used a database of tertiary care
children’s hospitals throughout the United
States, and our results may not be
generalizable to all EDs. Given the wide
variability in sedation practices in tertiary
care centers, one would expect variation in
other settings as well. Diagnostic codes
were used to identify the study cohort,
which are reliant on the provider billing for
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2. Krauss B, Green SM. Procedural sedation
and analgesia in children. Lancet. 2006;
367(9512):766–780
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Issues in the Sedation of Pediatric
Patients in the Emergency. Clinical
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378–399, 399.e1–399.e57

FIGURE 3 Hospital-level procedural sedation rates among pediatric patients in the most recent
year (2014), evaluated by diagnostic group. This ﬁgure reveals the variability of
procedural sedation given the diagnostic group.

the appropriate condition. However, this
is a standard methodology for identifying
speciﬁc patient cohorts.12–14,42 Some of the
included procedure codes likely captured
patients who either did not undergo a
procedure or did not require procedural
sedation. As a result, our reported rates of
procedural sedation cannot be extrapolated
to absolute rates of procedural sedation
for speciﬁc procedures. Although we could
not investigate this further because the
PHIS does not categorize the severity of
injuries, we assumed the rate of
misclassiﬁcation would be the same across
the EDs in our samples given that they are
all tertiary pediatric centers. Although we
cannot determine the absolute rate of
patients requiring procedural sedation, our
methodology allows us to compare the
relative rates of sedation between
institutions. We recognize that unadjusted
confounding is another explanation of our
result. There is also the possibility of some
spectrum bias: for example, patients
without public insurance may be more likely
to have presented with conditions that do
not require procedures, and those with
conditions that do require a procedure may
be less likely to require sedation. Because
Current Procedural Terminology codes are
not used consistently in the PHIS database,
we chose to identify procedural sedations
on the basis of the medications
administered because medication data are
highly reliable in the database. With regard
to nitrous oxide, this methodology is not
reliable because it is not a routinely billed

agent. To address this, we performed a
survey to exclude hospitals that are
frequent nitrous oxide users. By using PHIS
alone, it is not clear if patients were
discharged to settings outside of the ED for
procedural sedation, but this survey also
revealed that this was not occurring for
these acute diagnoses. Although this survey
helped us clarify some aspects of our study,
it was not speciﬁc enough for us to be
informed on all possible factors that could
affect variability.

CONCLUSIONS
Our ﬁndings demonstrate tremendous
variation in the use of procedural sedation
for similar indications across pediatric EDs
in the United States as well as changing
preferences in agent selection for
procedural sedation. Standardized
guidelines could provide assistance in
identifying appropriate candidates for
procedural sedation in the pediatric ED.
With our ﬁndings about variability in the
performance of procedural sedation, we
suggest the need to develop and implement
guidelines on procedural sedation, including
recommendations on the types of patients
who should receive sedation and the
speciﬁc medications to consider.
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