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The Spectrum and Frequency of Critical Procedures Performed in
a Pediatric Emergency Department: Implications of a

Provider-Level View
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Study objective: We seek to provide current, comprehensive, and physician-level data for critical procedures
performed in a high-volume pediatric emergency department (ED).

Methods: We conducted a retrospective study of all critical procedures performed in the ED of a tertiary care
pediatric institution. Data were collected from written records of resuscitative care provided. The primary
outcome measure was the cumulative frequency of each critical procedure during 12 consecutive months.
Additional outcome measures included the number of critical procedures performed by pediatric emergency
medicine faculty and fellows and a description of the other physician types performing each procedure.

Results: Two hundred sixty-one critical procedures were performed during 194 patient resuscitations, which
represented 0.22% of all ED patient evaluations. Sixty-one percent of pediatric emergency medicine faculty did
not perform a single critical procedure. Orotracheal intubation occurred 147 times and represented 56% of all
critical procedures, yet 63% of pediatric emergency medicine faculty did not perform a single successful
orotracheal intubation. Pediatric emergency medicine fellows performed a median of 3 critical procedures.

Conclusion: Critical procedures were rarely performed in a large, academic pediatric ED. Pediatric emergency
medicine faculty are at significant risk for skill deterioration, and pediatric emergency medicine fellows are
unlikely to achieve competence in the performance of critical procedures if clinical exposure is the sole basis for
the attainment and maintenance of skill. [Ann Emerg Med. 2013;61:263-270.]

Please see page 264 for the Editor’s Capsule Summary of this article.
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INTRODUCTION
Background

Diagnostic and therapeutic procedures are an integral part of
the practice of pediatric emergency medicine, particularly for
critically ill or injured children. Some, such as intubation and
cardiac defibrillation, are lifesaving. The ability to obtain
intraosseous or central venous access is critical when traditional
peripheral intravenous catheter placement fails. Needle
thoracostomy, tube thoracostomy, or pericardiocentesis may be
required in the resuscitation of multisystem trauma.

A survey of physicians working in general community
emergency departments (EDs) found that 25% of respondents
were uncomfortable performing these potentially lifesaving
procedures on children.1 In a survey of pediatric ED medical
directors, 62% judged the number of intubation opportunities
to be inadequate for their providers to maintain competency.2
In a recent study of 114 children undergoing rapid sequence t

Volume , .  : March 
ntubation in the pediatric ED of our institution, we reported
hat 48% experienced failure of the first intubation attempt,
ith the first-attempt failure of trainees being particularly high.3

s noted in the editorial published with that study, the
nfrequency with which intubation is performed in a pediatric
D may be a primary contributor to the higher frequency of
rst-attempt failure.4

A number of studies have reported the relative low acuity
evel of pediatric ED patients, with only 2.5 of every 1,000
ediatric ED patients requiring significant resuscitative efforts.5-11

ew studies, however, have attempted to quantify the number
nd type of critical pediatric procedures performed in the
ediatric ED setting. A nearly 20-year-old review of 183
ediatric cardiopulmonary and trauma resuscitations during a
7-month period found 106 intubations, 44 intraosseous line
lacements, 46 central venous line placements, 5 tube
horacostomies, and 4 instances of defibrillation or
ardioversion.5 A more recent review of 304 resuscitations in a

ertiary level pediatric ED in Canada found 58 intubations, 7
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Critical Procedures Performed in a Pediatric Emergency Department Mittiga et al
intraosseous line placements, 7 central venous line placements,
and 2 tube thoracostomies during a 2-year period.7 The 20-
year-old review may not be an accurate reflection of the current
practice of pediatric emergency medicine, and the more recent
study included only patients who were admitted to the pediatric
ICU or who died in the pediatric ED, possibly underestimating
the number and scope of critical procedures that are performed.
The more significant limitation of both studies is the absence of
an individual physician-level view of procedural experience.

Importance
Emergency physicians must be competent in the

performance of critical procedures associated with pediatric
resuscitation. It has traditionally been assumed that the clinical
practice of pediatric emergency medicine is sufficient for the
acquisition and maintenance of these skills. If the relative low
acuity of the pediatric emergency medicine patient population
provides inadequate opportunity, there is a risk that procedural
skills will not be acquired by trainees or maintained by faculty.
An accurate description of the frequency with which faculty and
trainees perform critical procedures in a pediatric ED would
allow for more informed discussion and targeted interventions
to reduce this risk.

Goals of This Investigation
We hypothesized that even in a high-volume pediatric ED,

the overall frequency of critical procedures would be very low
and the exposure of individual providers to critical procedures
negligible. The objective of this study was to provide current,
comprehensive, and provider-level data for the critical

Editor’s Capsule Summary

What is already known on this topic
Critical illness is far less common in children than
in adults.

What question this study addressed
What is the critical care procedural exposure in a
pediatric emergency department (ED)?

What this study adds to our knowledge
In this retrospective analysis at a busy children’s
hospital ED, pediatric emergency medicine fellows
performed a median of 3 critical care procedures
annually, with some performing none. During the
study year, most faculty performed no such
procedures.

How this is relevant to clinical practice
Critical care procedural experience during direct
patient care in a pediatric ED may be insufficient to
ensure competency for trainees.
procedures performed in a pediatric ED. e
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ATERIALS AND METHODS
tudy Design and Setting

This study was a retrospective review of existing medical
ecords and was approved by our institutional review board
efore commencement. The setting was the ED of a free-
tanding tertiary-care children’s hospital, which is the major
egional provider of emergency care to children and has
pproximately 90,000 annual visits. In this ED, critically ill or
njured patients are evaluated and managed in one of 4
esuscitation bays by a resuscitation team, which includes
mergency physician and nurse team leaders, a pediatric or
mergency medicine resident, several bedside nurses, and a
espiratory therapist. The resuscitation team is activated through
paging system, and the pager for the physician team leader is
eld by board-certified pediatric emergency medicine faculty or
second- or third-year pediatric emergency medicine fellow.
or critically injured patients, the team also includes a general
urgery resident, a surgical fellow or faculty, and providers from
nesthesiology. Because a portion of these patients require
dmission to an ICU, fellows from neonatology, pediatric
ritical care, and pediatric cardiology augment the team as
ndicated.

The pediatric emergency medicine fellowship at our
nstitution consists of 3 years of training. The first 2 years are
ntirely clinical, with the fellows working all shifts under direct
aculty supervision, except for 10 overnight shifts that each
econd-year fellow works independently in preparation for the
hird year. The third year of fellowship is devoted mainly to
esearch, with fellows also working independently in the ED as
unior faculty. Our institution is also associated with a large
-year pediatric residency program, which trains 36 categorical
nd 19 noncategorical pediatric residents per year. Residents
rom a neighboring 4-year emergency medicine residency
rogram, which trains 12 residents per year, also rotate through
ur ED. Every month, approximately 16 pediatric residents and
emergency medicine residents rotate through the ED.

election of Participants
Our study sample was obtained from all patients, medical

nd trauma, who were evaluated in one of the ED resuscitation
ays during 12 consecutive months. Any of these patients who
ad a critical procedure performed while in a resuscitation bay
as eligible for inclusion. Few, if any, critical procedures are
erformed outside of the resuscitation bays in our ED.

ethods of Measurement
Using electronic tracking resources, we identified all patients

valuated in the resuscitation bays during the study period, and
database was prepopulated from our institution’s electronic
edical record with patient demographics, ED disposition

admission, discharge, transfer, or death), and diagnosis. A study
nvestigator (M.R.M., B.T.K., or A.S.R.) then reviewed the

edical records of these patients to gather further data,
ncluding resuscitation type (medical or trauma), the pediatric

mergency medicine faculty provider responsible for each case,
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Mittiga et al Critical Procedures Performed in a Pediatric Emergency Department
and all critical procedures performed. A standardized electronic
form was used for all data abstraction. The primary data source
was the handwritten record completed by the nurse team leader
in real time during the resuscitation. Additional sources for data
collection included physician procedure notes and other
physician documentation. Our methods conformed to all
aspects of a published guideline for studies based on chart
review, except that the primary data abstractors (M.R.M.,
B.T.K., and A.S.R.) were not blinded to the study objective.12

We defined critical procedures according to the pediatric
emergency medicine Fellowship Curriculum Statement on
lifesaving procedural skills and the Core Content for Emergency
Medicine.13,14 Critical procedures included pharmacologic
cardioversion, electrocardioversion, defibrillation, external
cardiac pacing, nasotracheal intubation, orotracheal intubation,
needle cricothyroidotomy, needle thoracostomy, tube
thoracostomy, pericardiocentesis, diagnostic peritoneal lavage,
thoracentesis, arterial line placement, venous cutdown line
placement, intraosseous line placement, and central venous line
placement. Pharmacologic cardioversion was defined as the
administration of an intravenous antiarrhythmic medication in
an attempt to terminate an arrhythmia. It was included as a
critical procedure because of the potential associated
complications of antiarrhythmic medication administration,
including prolonged asystole, deterioration to ventricular
fibrillation, or severe hypotension, and because treatment of
pediatric arrhythmias and proper administration of
antiarrhythmic medications are points of emphasis in the
American Heart Association pediatric advanced life support
guidelines.

After all critical procedures were identified by the initial
review of each patient’s medical record, one investigator
(M.R.M.) collected additional data, including the specialty and
level of training of the provider who successfully performed each
procedure, the pediatric emergency medicine faculty responsible
for the care of that patient, and involvement of a pediatric
emergency medicine fellow. In rare cases in which the nursing
documentation of who performed a procedure differed from
physician documentation, the data point was abstracted from
the physician documentation (physician procedure note or other
physician documentation).

Outcome Measures
Our primary outcome measure was the cumulative frequency

of each critical procedure during 12 consecutive months.
Additional outcome measures included the performance of each
procedure by pediatric emergency medicine faculty, pediatric
emergency medicine faculty supervision of each critical
procedure, pediatric emergency medicine fellow performance
and exposure to each critical procedure, and a description of the
physician types performing each critical procedure. We defined
performance of a critical procedure as successful completion; we
did not include unsuccessful attempts. The number performed
by each provider type during 12 months is reported as a median

along with a range. We defined supervision as being the c
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ediatric emergency medicine faculty of record for a patient on
hom the critical procedure was performed. If the pediatric

mergency medicine faculty performed the procedure on the
atient for whom they were the attending physician of record,
redit was given for performance only and not supervision.
hird-year pediatric emergency medicine fellows work

ndependently as junior faculty and were counted as such. The
ate of opportunity for performance or supervision of a
rocedure was calculated by dividing the number of hours
ediatric emergency medicine faculty carry the team leader
ager each year (8,760 hours) by the number of each procedure
ype, yielding a projected number of hours that faculty would
ave to carry the pager to perform or supervise each procedure
nce. For pediatric emergency medicine fellows, exposure to a
ritical procedure was defined as having performed the
rocedure or having direct involvement in the care of the
atient undergoing the procedure, whether as the supervisor or
hile working under a pediatric emergency medicine faculty

upervisor. In our setting, cardioversion and defibrillation
equire the coordinated effort of multiple members of the
esuscitation team, with the physician team leader’s primary role
ocusing on the cognitive aspects of care. Therefore, credit was
ot assigned to an individual provider for performance of these
rocedures. Rather, we report only pediatric emergency
edicine faculty supervision and pediatric emergency medicine

ellow exposure for cardioversion and defibrillation.

rimary Data Analysis
We tabulated all data and generated descriptive statistics for

ll outcomes and data elements of interest. To assess the
eliability of primary data abstraction, a trained research
ssistant, blind to the study objective, repeated data collection,
ocusing on the identification of critical procedures for 10% of
ligible patient charts.

ESULTS
From April 1, 2009, through March 31, 2010, 3,067

valuations were performed on medical and trauma patients in
he resuscitation bays. Two hundred sixty-one critical
rocedures were performed during 194 evaluations, representing
.3% of all resuscitation bay evaluations and 0.22% (2.2/1,000)
f all ED patient evaluations during the study period. Table 1
ummarizes our primary outcome, the critical procedures
erformed during the 12-month study period, stratified by
esuscitation type. During 17 resuscitations, 3 or more critical
rocedures were performed. The maximum number of critical
rocedures performed during a single resuscitation was 7.
esuscitative thoracotomy, although not a priori defined as a
ritical procedure, was performed once by a surgeon during a
rauma resuscitation. The single episode of pericardiocentesis
as performed during this same trauma resuscitation before the

esuscitative thoracotomy. The following procedures were not
ocumented for any subject during the study period: external

ardiac pacing, nasotracheal intubation, needle
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Critical Procedures Performed in a Pediatric Emergency Department Mittiga et al
cricothyroidotomy, diagnostic peritoneal lavage, thoracentesis,
arterial line placement, and venous cutdown line placement.

During the study period, 41 pediatric emergency medicine
faculty were on staff. Faculty performance and supervision of
critical procedures are summarized in Table 2. Sixty-one percent
of pediatric emergency medicine faculty did not perform a
single critical procedure; no faculty provider performed more
than 6 total critical procedures. Twenty-six faculty (63%) did
not perform a single successful orotracheal intubation, the most
common critical procedure; 10 (24%) performed it 1 to 2 times
and 4 (10%) performed it 3 to 4 times; 1 faculty member
performed 5 orotracheal intubations. Table 3 displays an
estimation of the amount of time the physician team leader
pager would need to be carried for a physician to perform or
supervise each critical procedure once. If the 194 patient
resuscitations during which a critical procedure was performed
were spaced evenly during the course of 12 months, a pediatric
emergency medicine faculty physician would require nearly 6
eight-hour shifts to supervise 1 resuscitation during which at
least 1 critical procedure was performed.

During the study period, 10 physicians were enrolled in the
clinical portion of the pediatric emergency medicine fellowship.
Table 4 shows both pediatric emergency medicine fellow
performance of and exposure to critical procedures. Of the 42
critical procedures performed by pediatric emergency medicine
fellows, 28 (67%) were performed during the first year of
fellowship.

Other physician types who performed critical procedures in
the ED are listed in Table 5. Seventy-one critical procedures
(27% of all critical procedures) were performed by
non–emergency medicine specialties (surgery, anesthesiology,
pediatric critical care, neonatology, and otolaryngology), the
most common being orotracheal intubation (42/147, or 29% of
all ED intubations). Eleven of 15 central venous line placements
that occurred in the ED were performed by non-ED-based
specialists.

Among the 305 charts reviewed by the trained research

Table 1. Critical procedures performed during 194 pediatric
ED patient resuscitations during 12 months.

Procedure

Resuscitation Type

Medical
(n�147)

Trauma
(n�47)

Total
(n�194)

Orotracheal intubation 114 33 147
Intraosseous line placement 32 9 41
Pharmacologic cardioversion 23 0 23
Tube thoracostomy 6 12 18
Central venous line placement 9 6 15
Needle thoracostomy 2 7 9
Electrocardioversion 6 0 6
Defibrillation 1 0 1
Pericardiocentesis 0 1 1
Total 193 68 261
assistant to assess reliability in data abstraction, only 1 critical e
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rocedure (intraosseous line placement) was identified that was
ot found during primary data collection.

IMITATIONS
Our study has several limitations. First, beyond extensive

hart review, we used no additional method to ensure that all
elevant cases were included. However, in a published study of
apid sequence intubation in which redundant methods of
dentification were used, we found that our chart review

ethods identified 122 of 123 intubations. If this proportion of
uccessful identification of critical procedures from chart review
s extrapolated to all procedures in our study, the likelihood of
xcluding a significant number of relevant cases is small.
dditionally, if these missed procedures are then divided over

he number of faculty and fellows in our study, the potential
hange in provider-level results is negligible.

Second, the validity of data collected from the written record
s subject to the incompleteness and inaccuracies inherent to this
ource. We believe that it is unlikely that any critical procedure,
f successfully completed, would be undocumented. However,
e suspect that certain procedures, such as arterial line or

entral venous line placement, were rarely documented if
ttempted but not successfully completed. Given the paucity of
ocumentation in the medical record for unsuccessful attempts,
e have not included these in our study. We acknowledge that

earning can occur during unsuccessful attempts, and our
nability to identify or describe them may underestimate the
rue experience of providers. We were also unable to reliably
ssess bedside presence of the attending physician or fellow
uring the procedure from chart review. However, in our
xperience, unless another critically ill patient arrives
imultaneously, the fellow does not leave the bedside of a
atient undergoing a critical procedure, in part because of
he rarity and perceived educational benefit of this type of
xposure and in part because it is an expectation during the
linical rotation.

Third, the primary chart abstractors were not blinded to the
urpose of the study. However, the study outcomes were
traightforward, and reliability of data abstraction was high.

Fourth, we did not attempt to quantify the frequency with
hich bag-valve-mask ventilation or chest compressions were
erformed. We acknowledge that these skills are critical during
esuscitation; however, they are often performed by
onphysicians in our ED and are not documented as procedures

n the medical record.
Fifth, our study was conducted at a single, academic

ediatric center, which may limit generalizability of our findings
o other ED settings.

ISCUSSION
The ability to competently perform critical procedures for ill

r injured pediatric patients is essential to delivering the highest
evel of care, ensuring patient safety, and providing the optimal

ducation to trainees. We present comprehensive data
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establishing the spectrum and frequency of critical procedures
performed in a high-volume, academic pediatric ED. More
important, to our knowledge we present the first provider-level

Table 2. Pediatric emergency medicine faculty (n�41) exposure

Procedure

Performance

Median Range
Faculty Perfo

at Least 1

Any critical procedure 0 0–6 39
Orotracheal intubation 0 0–5 37
Intraosseous line placement 0 0–2 20
Central venous line placement 0 0–1 5
Needle thoracostomy 0 0 0
Tube thoracostomy 0 0–1 2
Pharmacologic cardioversion * * *
Electrocardioversion * * *
Defibrillation * * *
Pericardiocentesis 0 0 0

*Credit was not assigned to an individual provider for performance of the procedu
disciplinary team, with the physician’s primary role focusing on cognitive aspects
these procedures.

Table 3. Projected clinical hours* for pediatric emergency medi
procedure.

Procedure

Performan

Clinical Hours

Orotracheal intubation 292
Intraosseous line placement 876
Central venous line placement 4,380
Needle thoracostomy

†
—

Tube thoracostomy 8,760
Pharmacologic cardioversion

‡

Electrocardioversion
‡

Defibrillation
‡

Pericardiocentesis
†

—

—, procedure was not performed by any pediatric emergency medicine faculty during
*Represents time holding the team leader pager.
†Procedure not performed by any pediatric emergency medicine faculty during the
‡Credit was not assigned to an individual provider for performance of the procedure b
team, with the physician’s primary role focusing on cognitive aspects such as timing

Table 4. Pediatric emergency medicine fellow (n�10) performan

Procedure Median Number Performed Range

Any critical procedure 3 0–9
Orotracheal intubation 2.5 0–9
Intraosseous line placement 0.5 0–2
Central venous line placement 0 0
Needle thoracostomy 0 0
Tube thoracostomy 0 0–1
Pharmacologic cardioversion

† †

Electrocardioversion
† †

Defibrillation
† †

Pericardiocentesis 0 0

*Exposure is defined as having performed the procedure or being directly involved
†Credit was not assigned to an individual provider for performance of the procedure b
team, with the physician’s primary role focusing on cognitive aspects such as timing
view about experience with these procedures in this setting. Our r

Volume , .  : March 
ata reveal that in a large, academic pediatric ED, critical
rocedures are infrequent and pediatric emergency medicine
aculty and fellows rarely perform any critical procedure. Our

ritical procedures during 12 months.

Supervision
Exposure Faculty

Performing or
Supervising at

Least 1, %
g

Median Range
Faculty Supervising

at Least 1, %

4 0–17 98 98
2 0–12 88 90
0 0–4 41 43
0 0–2 27 32
0 0–2 12 12
0 0–2 37 39
0 0–4 32 32
0 0–2 12 12
0 0–1 2 2
0 0–1 2 2

cause cardioversion and defibrillation in our setting are carried out by a multi-
as timing and delivery of medications or energy. We report supervision only for

faculty (n�41) to perform or supervise a successful critical

Supervision

-Hour Shifts Clinical Hours 8-Hour Shifts

36 73 9
109 258 32
547 674 84
— 973 122

1,095 487 61
‡

381 48
‡

1,460 182
‡

8,760 1,095
— 8,760 1,095

udy period; therefore, a calculation of projected clinical hours was not possible.

period.
e cardioversion and defibrillation in our setting are carried out by a multidisciplinary

elivery of medications or energy. We report supervision only for these procedures.

f and exposure to critical procedures during 12 months.

llows Performing at Least 1, % Fellows Exposed to at Least 1, %*

90 90
90 90
50 90

0 60
0 30

30 60
†

50
†

10
†

10
0 10

e care of a patient on whom the procedure was performed.
e cardioversion and defibrillation in our setting are carried out by a multidisciplinary

elivery of medications or energy. We report exposure only for these procedures.
to c

rmin
, %

re be
such
cine

ce

8

the st
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ecaus
ce o
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in th
ecaus
esults raise 3 important questions: (1) can pediatric emergency
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Critical Procedures Performed in a Pediatric Emergency Department Mittiga et al
medicine faculty successfully maintain critical procedural skills
through clinical experience alone?; (2) can pediatric emergency
medicine fellows reliably achieve competence in the
performance of these procedures through clinical experience
alone?; and (3) what proportion of these procedures should be
attempted initially by pediatric emergency medicine faculty to
maintain competence?

The frequency with which critical procedures are performed
in our pediatric ED (0.22% of ED evaluations) is similar to that
of previous reports.5 However, when the data are presented
from the novel perspective of the individual provider, the rarity
is greatly magnified. Nearly two thirds of our faculty did not
perform a single critical procedure during the 12-month study
period. Although orotracheal intubation was the most common
critical procedure performed, accounting for more than half of
all critical procedures, 63% of pediatric emergency medicine
faculty did not perform a single successful intubation in an
entire year of practice.

Faculty performance was the primary focus of our study
because, as junior faculty who have completed a fellowship at a
large, academic institution, we are concerned about our
procedural experience and that of our peers both during and
after fellowship. It has long been assumed that we perform or
teach about these procedures frequently enough during clinical
care to be reliably successful performing them when necessary
and to be adequate instructors for learners who are attempting
to master these skills. The true frequency with which individual
faculty perform these procedures after training has heretofore
been unknown. Families expect the provision of a certain level
of care when presenting to an ED with a critically ill or injured
child. There may be up to a 61% chance that the critical
procedure that a child may require has not been practiced
clinically in the preceding 12 months by the senior physician in
the room. To our knowledge, there is no peer-reviewed

Table 5. Performance of critical procedures by physician type.*

Provider
Orotracheal
Intubation

Intraosseous
Line Placement

PEM faculty 30 10
PEM fellow 32 7
Pediatric resident 26 8
EM resident 16 4
Pediatric ICU fellow 19 0
Surgery

†
0 4

Anesthesia 21 1
Other subspecialist

‡
2 0

Unknown 1 7
Total 147 41

PEM, Pediatric emergency medicine.
*Cardioversion and defibrillation were excluded because in our setting those proc
focusing on cognitive aspects such as timing of delivery of medications or energy
†One pericardiocentesis was performed by a pediatric surgeon.
‡One neonatology fellow and 1 otolaryngology resident.
§Excludes 23 pharmacologic cardioversions, 6 electrocardioversions, 1 defibrillati
literature that quantifies faculty procedural performance and no m

268 Annals of Emergency Medicine
nformation on what is actually required to maintain procedural
kill.

Although the 10 pediatric emergency medicine fellows
erformed as many critical procedures as the 41 faculty, no
ellow performed a central venous line placement, needle
horacostomy, or pericardiocentesis in the pediatric ED during
he study period. Only half of the fellows performed an
ntraosseous line placement, and just 30% performed a tube
horacostomy. Fellows performed a median of 2.5 orotracheal
ntubations compared with a faculty median of zero, but 40% of
he fellows performed 1 or fewer. The adult anesthesia literature
uggests that approximately 50 to 60 intubations are required to
chieve competence.15-17 To our knowledge, similar estimates
re not available for any pediatric critical procedures. If the
umber of procedures performed by pediatric emergency
edicine fellows in our 12-month study were projected over a

-year fellowship, we believe no procedure would be performed
requently enough by fellows in the pediatric ED for them to
eliably achieve competence. Additionally, 67% of the
rocedures performed by fellows occurred during the first year
f fellowship. First-year fellows spend 1 month more in the
ediatric ED than do second-year fellows, partially explaining
his statistic. First-year fellows also do not routinely function as
he resuscitation team leader and are therefore more readily
vailable to perform procedures.

The infrequency with which critical procedures were
erformed, combined with the resultant competition to practice
hese skills in the pediatric ED, essentially eliminates the chance
hat any provider, whether faculty or trainee, will have sufficient
linical opportunity to achieve or maintain competence in this
etting alone. Restricting the opportunity to perform any critical
rocedure to those providers who need to achieve expertise in
ediatric resuscitation and its associated procedures would
mprove the likelihood of success in this endeavor. This would

tral Venous
Placement

Needle
Thoracostomy

Tube
Thoracostomy Total

2 0 1 43
0 0 3 42
0 0 1 35
1 2 2 25
7 0 0 26
4 3 9 20
0 0 0 22
0 0 0 2
1 4 2 15

15 9 18 230
§

s are carried out by the multidisciplinary team, with the physician’s primary role

d 1 pericardiocentesis.
Cen
Line

edure
.

ean limiting the attempts of trainees who do not realistically
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Mittiga et al Critical Procedures Performed in a Pediatric Emergency Department
expect to perform these procedures in their future medical
practice. From the patient’s perspective, this would have the
added benefit of increasing the number of procedures that are
performed by more knowledgeable and experienced providers.

Twenty-seven percent of all critical procedures in our study
were performed by non–emergency medicine specialties
(surgery, anesthesiology, pediatric critical care, neonatology, and
otolaryngology). Because of the absence of data on unsuccessful
attempts, we are unable to comment on the exact proportion
that represents rescue of failed ED attempts. However,
unpublished data from a video review study that we performed
demonstrated that 35 of 114 (31%) rapid sequence orotracheal
intubations were performed by non–emergency medicine
specialties. For 23 of these 35 (66%), a non–emergency
medicine specialist was the initial and only provider involved in
performance of the procedure. Twelve of the 35 (34%)
represented rescue performance after unsuccessful attempts by a
pediatric ED resident, fellow, or faculty.

A surprising finding from our data was the infrequency of
cardioversion and defibrillation. Defibrillation was performed
once during the 12-month study period. According to our data
(Table 3), pediatric emergency medicine faculty working 32
clinical hours per week would defibrillate a pediatric patient
only once every 5.3 years. The American Heart Association, in
the pediatric advanced life support 2010 guidelines, stated that
ventricular fibrillation or pulseless ventricular tachycardia is the
initial cardiac rhythm in approximately 5% to 15% of pediatric
inhospital and out-of-hospital cardiac arrests, and it is reported
in up to 27% of pediatric inhospital arrests at some point
during resuscitation.18 The rarity of defibrillation, especially in
our ED, suggests that either our patients are different from
those included in the pediatric advanced life support studies or,
more likely, that rhythms such as ventricular fibrillation and
pulseless ventricular tachycardia are underrecognized during
pediatric ED resuscitations.

Patient safety and the delivery of cost-effective, high-quality
care have increasingly become a public focus. An article
addressing issues relating to preparation of a pediatric
emergency physician workforce identified assurance of
appropriate technical skills as one of the key drivers in delivering
high-quality care.19 The need for clinical leadership to monitor
individual performance of technical skills and develop curricula
for procedural skill maintenance was also acknowledged.
Unfortunately, no evidence or recommendations exist about the
optimal way for faculty to maintain competence in the
performance of pediatric critical procedures. In the survey of
pediatric ED medical directors about maintenance of skill in
emergency intubation, qualifying activities reported by the
medical directors to maintain intubation competence included
attendance at a pediatric advanced life support course (69%),
simulation training (48%), operating room performance of
intubation under the supervision of an anesthesiologist (38%),
attendance at an advanced airway course (34%), animal

laboratories (8%), and delivery room intubation of newborns r
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2%).2 Two percent of medical directors reported no method
or maintaining competence in intubation. We strongly believe
hat if every ED provider who manages ill or injured children is
oing to be proficient with pediatric critical procedures, then
D clinical and educational leadership must commit to the
evelopment and implementation of mandatory and rigorous
aintenance-of-skill programs to supplement clinical

xperience.
We believe that the basis of any acquisition and

aintenance-of-skill program is deliberate practice.20,21

imulation provides an opportunity for deliberate practice with
eedback immediately available to the learner and no risk of
arm to patients. A systematic review and meta-analysis of
imulation-based medical education showed that, compared
ith traditional medical education, simulation-based education
ith deliberate practice was superior in clinical skill

cquisition.22 Given the findings of our study, we are
eveloping a simulation-based critical procedure course with the
oal of assisting residents, fellows, and faculty in achieving and
aintaining competence in critical pediatric procedures.
dditionally, we are exploring novel metrics of procedural
erformance through the use of video review. For example, we
re able to quantify the number of laryngoscopy attempts that a
aculty member or fellow performs to successfully insert an
ndotracheal tube. This allows for assessment of whether
aryngoscopy, tube insertion, or some other aspect of the
ntubation process might provide a focus for improvement
fforts.

In summary, critical procedures were infrequently performed
n a large, academic pediatric ED. Pediatric emergency medicine
aculty are at significant risk for skill deterioration if other
enues for practice are not actively sought and required, and
ediatric emergency medicine fellows are unlikely to achieve
ompetence if clinical exposure is the sole basis for the
ttainment of procedural skill. Valid and reliable methods to
nsure acquisition and maintenance of critical procedural skills
eed to be developed, tested, and practiced. Quality assurance
ystems around the performance of critical pediatric procedures
hould be established by clinical and educational leadership
ithin EDs to ensure the highest level of patient care, patient

afety, and education for trainees.
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