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Core Functionality in Pediatric Electronic Health
Records

Structured Abstract

Background. Clinicians, informaticians, policy makers, and professional organizations such as
the American Academy of Pediatrics have described the need for electronic health record (EHR)
systems and information technology tools that better support pediatric health care through the
availability of pediatric functionalities. The Children’s EHR Format created almost 700
requirements pertaining to pediatric functionality. While the report included multiple desired
functions, the large number of requirements as well as the lack of prioritization may have had a
paralyzing effect on most vendors, who, confronted with Meaningful Use requirements, did not
leverage the format to improve their products.

Purpose. A Technical Brief is a report of an emerging intervention for which there are limited
published data and too few completed research studies to support definitive conclusions. The
goals of the Technical Brief are to provide an objective description of the state of the science,
identify a potential framework for assessing the applications and implications of the intervention,
summarize ongoing research, and present research gaps. We developed a technical brief on the
state of practice and the current literature around core functionalities for pediatric electronic
health records to describe current practice and to provide a framework for future research.

Methods. We had conversations with Key Informants representing clinicians, policy experts, and
researchers. We searched online sources for information about currently available programs and
resources. We conducted a literature search to identify currently available research on the
effectiveness of individual functionalities.

Findings. There is expert consensus in the literature that EHRs used in the care of children
require specific functionalities to support the work of child health care providers and assure the
delivery of quality care to pediatric patients. These functionalities relate to a child’s evolving
physiology and maturity and associated conditions. Key areas include vaccination, child
development, physiologic medication dosing, pediatric disease management, pediatric norms,
and the relationship between pediatric patients and their caregivers, including adolescent privacy.
Empirical evidence for health outcomes associated with the introduction of a pediatric EHR or
for implementation of systems such as clinical decision support is largely limited to pre-post
studies on a subset of important functionalities. Key Informants indicated that if these
functionalities are implemented well, the EHR will also better support the care of all patients.

Summary and implications. While many of the key functionalities identified in this brief are
not purely pediatric, their key role in the care of children in contrast to their minimal role for
adults could mean they can get omitted in an EHR designed primarily for adult care. Incentives
for developing pediatric functionalities for EHRs are currently driven by (1) meaningful use
requirements and the patient-centered medical home; (2) a desire to support and maintain patient
safety; and (3) the increasing presence of pediatric-specific clinical quality measures. Introducing
a new pediatric functionality to an EHR should, therefore, be done thoughtfully and ideally is
done in consideration of utility, testability, and usability principles. Understanding the
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importance of computability and specificity of guidelines as well as motivations for development
of pediatric-specific functionalities provides further insight into how dissemination and
development will be driven in the future.

viii



Contents

BACKGIOUNG ...ttt ettt e bt bt st e s bt et e s e e be e bt e st e sbeebeeneesbeene s 1
S Tol0] oSO RP O RTR PRSP 2
Issues and Challenges in the EVIAENCE BASE.........coveiuiiiriiiii e 2
Technical Brief ODJECLIVES.......c.coviiciecie sttt rs 3
REPOI OFQANIZALION .....eouiiiiie ettt sttt b e e bt e be e st e s beenbeentesreenbeenee e 3
L1 0o OSSP T PP PRPRPR 5
D 1 O] | [=Tod o] o SRR 5
Discussions With Key INfOrmMants ..........ccooviieiiieieee e 5
Published LIterature SEArCh ..........uoueiiiiieeeie e 5
Gray LITErature SEAICN ........cvcce ettt e e e e re e e 6
Data Organization and PreSentation .............ccooeiieiieiiiie s 6
PEEI REVIBW ...ttt bbbttt bbbt bbbt et e et bbbt ne e 7
10T [T T KRR PRSI 8
GQ1: Description of Pediatric-Specific Functionalities for EHRS ...........cccccceeiviiviievie e, 8
I £ Tolof [ 1= USSR 9

2. Routine Health Care Maintenance (RHCM)..........cccooiviieieiiiesree e 11

3. FaAMITY DYNAMICS ...ttt ettt be e nneenrs 12
V7 [0y PSS 13

5. Managing Pediatric Conditions in Vulnerable Populations............c.cccccvviiviiiin e, 16

B. MEAICALIONS. ...ttt bbbttt bbbttt nb e n s 17

7. Documentation and BilliNg ..........cocvoiiiiiiiii s 20

8. Pediatric-Specific Norms and Growth Charts...........ccccevvereiiienieie e 21
GQ2. Description of the Context in Which EHRs Are Implemented .........c.ccooeviiiiiinnennnnne 26
AQE-DASEA TIANSITIONS ...c.veeiiiieieeie et esreeaeeneenns 26
Inpatient and OULPALIENT. ........ccuiiie e 28

The Particular Challenge of 1dentity.........cccccoiiiiiiiiiee e 29

RV oo TSRS 31
Routine Health Care MaiNteNanCe ...........cocvviiiririeieiee e 31
PIIVACY ..ttt ettt b b st b et n b b et e e nre e beeneenneebe s 32
Managing Pediatric Conditions in Vulnerable Populations............c.cccceeviieiiiinniceinenenn, 32
VT [or: LA o] ST PR PR 32
Documentation and BilliNG ..........ccooiiiiieieiccecce e 33
Pediatric-Specific Norms and Growth Charts..........ccccooeiiiiiienineseee e 33
GQa3. Evidence for Pediatric-Specific Functionalities (Evidence Map) .......ccccccevvevvrvereennnnn 34
Vaccination-Specific FUNCLIONANILY .........cccooiiiiii s 36
Medication-Specific FUNCLIONAITIES .........cccecveiiericie e 38
ODESILY DIAGNOSIS ...ttt etee sttt sttt et e bt et et sbe e sbe e s e aneesbeenbesreenrs 42
Other Functionalities Including Prevention and Counseling .........ccccovvvvvvvevesieesverin s 43
ONQOING RESBAICN ...ttt st a e be e sneenrs 48
GQ4. Dissemination and Future DeVElOPMENTS..........ccevveiiiieiiere e 49
U1 ] ) SO PSPPSRSO 49
LIS = 01 PSS 49
(01T o1 11 USSP 50



Specificity and COmMPULADTHLY ........ooiiiiiiieiiee e 51

Incentives for Developing Pediatric FUNCLIONANITIES..........cccevveievierecc e 52
Summary and IMPHCALIONS ......ccueiiiiiiiie ettt sreeste e e sre e e 53
N[ ] (< o L SRR OT R PRSP 56
T (=T 1=] (TSRS PRSP 57
Tables
Table 1. Inclusion and exclusion criteria for evaluation StUdi€es.............ccoevrveriienicie e, 6
Table 2. Potential breaches of confidentiality during a medical Visit............cccoooovviiiiniennne 13
Table 3. Requirements for CDS to support electronic prescribing.........cccooevveverieereeieesneseennns 19
Table 4. Desiderata for management and representation of pediatric growth

IN AN EHR SYSIBM. ..ottt et este e e sneesaeeneenneas 23
Table 5. Key age-based transitions relevant to EHR development ...........cccccoevieiiiiiie e, 28
Table 6. Selected evaluation and outcomes studies on interventions to

increase vaccination rates in PEAIALIIC CAI.........oiverueiierieie et 36
Table 7. Selected evaluation and outcomes studies on CPOE and weight-based dosing ........... 39
Table 8. Selected evaluation and outcomes studies on use of documentation

functionalities to improve identification of ODESItY .........cccceviveveiierii e, 41
Table 9. Selected evaluation and outcomes studies of other functionalities..............cc.cccoveunne. 43
Table 10. Summary and iMpPlCALIONS .........c.coviieieeie e ens 55
Figures
Figure 1. Literature FIOW diagram...........cooioiiiiiiieicce e 35
Appendixes

Appendix A. Literature Search Strategies
Appendix B. Key Informant Interviews
Appendix C. Summary of Key Informant Input
Appendix D. Screening Forms

Appendix E. Summary of Consensus Statements
Appendix F. Ongoing Studies

Appendix G. Reasons for Exclusion









Technical Brief Objectives

A Technical Brief is a rapid report of an emerging intervention for which there are limited
published data and too few completed research studies to support definitive conclusions. The
goals of the Technical Brief are to provide an objective description of the state of the science,
identify a potential framework for assessing the applications and implications of the intervention,
summarize ongoing research, and present research gaps. A technical brief is not intended to be a
comprehensive systematic review but should provide the reader with an overview of available
research, practice and to some degree, perspective, around a given clinical intervention.

This report describes the state of the literature on pediatric EHR functionalities and their
effects on outcomes of pediatric EHR implementation. We sought comparative studies that
assessed the potential benefits of pediatric EHR use. We searched published reports and gray
literature sources to ascertain the evidence for pediatric-specific EHR functionalities. In addition,
we engaged stakeholders to augment the findings from the literature, and inform the summary of
contextual issues, barriers, and potential challenges.

Report Organization

We have organized the report by Guiding Question (GQ) and have summarized the available
literature and Key Informant perspectives. GQ1, GQ2, and GQ4 reflect information found in
published and unpublished literature, including opinion pieces and general materials. They also
include the perspectives of our Key Informants. GQ3 is limited to a high-level evidence map of
empirical studies. Thus, GQ1 and GQ2 lay out the issues that were found to be of highest
relevance, while GQ3 identifies the available empirical literature on those issues. GQ4 then
addresses challenges and opportunities related to implementation and dissemination.

GQ1. Description of Pediatric-Specific Functionalities for EHRs

GQ1A: Are there functionalities that have been identified in the literature
and feature more prominently than others as potentially important to
achieve for improving children’s health?

GQ2. Description of the Context in Which EHRs Are Implemented

GQZ2A: What is the potential value of pediatric-specific functionalities in the
context of care transition, specifically from newborn care to pediatric
primary care, from pediatric primary care to pediatric specialist care, and
from pediatric primary care to adolescent care?

GQ2B: Are certain pediatric-specific functionalities beneficial for a provider

to conduct her work including sick and well-child visits? If so, does this vary
by health care setting (e.g. primary care office, specialty care office, school
health, and alternative care settings) or by type of visit (e.g., preventive vs.

acute care)?



GQ2C: What are the challenges to implementing specific functionalities?
Are some harder than others to implement by (1) vendors; and/or (2)
pediatric providers?

GQ3. Description of the Existing Evidence

GQ3A: Is there any evidence that using an EHR adapted for the specific
needs of pediatric providers compared with using a “regular” EHR or not
using an EHR at all produces (1) better quality, including safety and cost
outcomes for patients; and/or (2) improved workflow or job satisfaction for
providers?

GQ3B: Which pediatric-specific functionalities influence (1) patient
outcomes (including safety; quality; cost; equity; standardization of care;
and/or efficiency); (2) the ability of a pediatric provider to conduct work
within the EHR; (3) improvement of workflow and provider satisfaction;
and/or (4) involvement of patients and families (including their education
and shared decision making)?

GQ4. Dissemination and Future Developments

GQ4A: How does testability and usability of core functionalities promote or
impede dissemination and future development of pediatric EHRs?



Methods

We used discussions with Key Informants, a search of the gray literature, and a search of the
published literature to collect relevant data and descriptions.

Data Collection

Discussions With Key Informants

We engaged Key Informants to offer insight into pediatric-specific functionalities for
electronic health records, and suggest issues of greatest importance to clinicians, patients,
researchers, and payers. We searched the Web sites of relevant professional organizations and
research and policy groups to identify stakeholders whose work or interests indicate a high
likelihood of interest and expertise in the topic.

In consultation with the investigative team and the Agency for Healthcare Research and
Quality (AHRQ), we assembled a list of individuals representing a clinical, policy, research, or
vendor perspective. Seven of 10 invited individuals agreed to participate. Following approval by
AHRQ of the completed Disclosure of Interest forms for proposed Key Informants, we
conducted discussions with Key Informants, representing clinicians in practice as well as in
policy roles in addition to accomplished researchers.

We conducted three group discussions by telephone with Key Informants. We invited the
Key Informants to share their experiences and make suggestions to address the proposed Guiding
Questions (GQs). Before the call, we provided the participants with a copy of the protocol and
GQs. We recorded and transcribed the call discussion and generated a summary that we
distributed to call participants.

We used the input from the Key Informants to establish functionalities considered to be of
highest importance and weighed those against what we found most commonly in the literature.
Ultimately, the data presented represent a Venn diagram of Key Informant input, functionalities
identified in the literature and those described both by Key Informants and in the literature.

We conducted discussion calls with nine Key Informants. We were not required to obtain
Office of Management and Budget (OMB) clearance for the Key Informant interviews because
we included fewer than ten non-government associated participants. The Key Informants
represented vendors, practicing pediatrician, quality improvement, public health, academic
research.

More details on the Key Informants and the discussions are in Appendix B and Appendix C.

Published Literature Search

We used a combination of controlled vocabulary terms and keywords to search the published
literature for studies that specifically evaluated electronic health records in the pediatric health
care setting. We used terms for electronic health records, computerized physician order entry
(CPOE) and clinical decision support (CDS), as well as broad terms and descriptors for
pediatrics. We searched the literature base from 1999 on. We reviewed the reference lists of
retrieved publications for other potentially relevant publications missed by the search strategies.
We present the literature search details in Appendix A. We screened the included literature for
publications that addressed one or more GQs; we further evaluated the publications for
evaluation studies that met prespecified criteria (Table 1) for GQ3 (Evidence Map).






the literature, Key Informant discussions, and gray literature for each theme for GQL1. In GQ2,
we address contextual issues including transition of care, health care setting, and implementation
considerations from the literature base and the Key Informant input. For GQ3, we summarized
existing systematic reviews and original research published since the end date of the systematic
reviews. We present summary tables and text to characterize the existing evidence for pediatric-
specific EHRs (GQ3). We highlight the roles of testability and usability in the successful
dissemination and future development of pediatric-specific EHRs in GQA4.

Based initially on Key Informant input and with confirmation from the literature, we
organize the report around eight categories for the pediatric functionalities: (1) vaccines; (2)
routine health care maintenance; (3) family dynamics; (4) privacy; (5) managing pediatric
populations; (6) medications; (7) documentation and billing; and (8) pediatric-specific norms and
growth charts.

Peer Review

A draft of this Technical Brief will be posted to the AHRQ Web site for 4 weeks for public
comments. During this time, the Scientific Resource Center distributes the draft report to
individuals who agreed to serve as peer reviewers. The Scientific Resource Center collects the
feedback from peer reviewers and forwards the compiled comments to report authors. We will
review the comments and made appropriate changes to the final report.

We will document the report revisions and provide a summary of responses to the individual
comments received from public and peer reviewers in a disposition of comments table. The
disposition of comments table will be available on the AHRQ Web site after publication of the
final Technical Brief.



Findings

In this section, we summarize information from the published and gray literature sources to
address Guiding Questions (GQs). Much of the discussion with Key Informants was consistent
with the salient topics that emerged from the body of literature, focusing primarily upon
vaccination, growth and child development, family dynamics and privacy challenges, medication
ordering, and pediatric growth and child development norms.

We summarize Key Informant discussion, the literature, and user feedback from the
American Academy of Pediatrics (AAP) pediatric EHR review site to describe pediatric specific
functionalities and current approaches for improving pediatric health care and delivery (GQ1). In
GQ2, we provide a discussion of transition, care setting, and other contextual issues important to
the implementation and adoption of pediatric-specific functionalities described in GQL1. The
results presented in GQ3 are the combined summary of existing evidence from the published
literature. We present implications and areas for future research in GQA4.

GQ1: Description of Pediatric-Specific Functionalities for
EHRs

GQ1A. Are there functionalities that have been identified in the literature
and feature more prominently as potentially important to achieve for
improving children’s health?

The Key Informants on this project were clear and consistent that EHRs need to be optimized
for the care of children, and that this is not yet happening consistently. Key Informants noted that
many functionalities overlap with adult care, but agreed that given the nuances associated with
longitudinal and coordinated care for the pediatric population, some functionalities will be more
critical than in adults to ensuring high quality and safe care. For example, while care
coordination for adults is extremely important, effective coordination for children is prone to
compromise if there are delays in information exchange or inaccuracies in patient identification
or family relationships. Patient identification is a similarly critical issue given changes such as
the ongoing evolution of family structure, the impact of family dynamics, changes in identifiers
(e.g., unnamed child in newborn nursery), and issues that arise in foster care. These issues of
identity have downstream effects on understanding family history, the impact of the family
setting on the child’s wellness, privacy, and information sharing, and payment for services. The
ability to communicate between the healthcare setting and schools and other settings where
children exist was described as essential, as was recognition that providers in children’s
healthcare represent a wide range of clinical specialties, all of whom need information and
means of communication to provide care.

Underlying many Key Informant comments was the importance of a flexible, longitudinal
record that integrates critical information about the child, the family and family history as it
affect health, capabilities tailored to the needs of the clinician treating the child, and agile
information display that shows the right information at the right time, despite the high volume
nature of pediatrics. Moreover, Key Informants emphasized that effective systems must be
adapted seamlessly to the user workflow and be customizable to adapt easily to changes in
practice.

The following section will address specific information for: (1) vaccines; (2) routine health
care maintenance; (3) family dynamics; (4) privacy; (5) managing pediatric conditions in




































e Looking up a medication should be easy and comprehensive, by both generic and brand
names.

e Selecting the appropriate concentration should be supported.

e |t should be possible for med list to be viewed in chronological order, and to split current
and past medications.

e E-prescribing for controlled substances should be possible if allowed by state.

7. Documentation and Billing

Summary of Recommended Functionalities and Issues Identified by

Key Informants

Key Informants noted that clinicians routinely describe existing EHRs as too complex and
cumbersome to use. Informants described the need to design systems with pediatric care
workflow in mind as functionality not integrated into workflow will not be used in clinical
practice. Key Informants also discussed documentation of care in terms of the ability to identify
prior visits and visits at other centers. At present, data are often too fractionated across multiple
systems to provide a useful picture of a patient’s care. Key Informants also commented on the
lack of consistent, common nomenclature for coding elements of care. Lack of a common
nomenclature limits interoperability and complicates clinical decision.

Summary of Recommended Functionalities and Issues Identified in

the Literature

Pediatric requirements in regards to documentation and billing discussed in the literature
appear to be similar to adult needs. These requirements include reducing workload during
documentation by reducing the number of clicks and screens required. Clinicians desire a
decreased burden in documentation of their specialty specific procedures and billing codes and
desire an easier way to access these items. Codes, diagnoses, and procedures should be
customized to ease access to pediatric-relevant information and reduce documentation workload.

User Perspective from AAP Review System

Reviewers mentioned repeatedly that pediatric EHR systems should have the possibility of
customization, often without explaining what to customize. The notion is implied that pediatric
office visits typically comprise a limited set of pediatric well or sick visits with a specific range
of diagnoses, procedures, and tests that are used frequently. Increasing the ease with which these
items can be retrieved during documentation (for example through a “frequently used list”)
appears to be an important desire in regards to usability. One reviewer clarified that customizable
data entry and problem lists would allow different doctors to meet their specific needs, such as
when a provider needs to capture a patient’s response to a specific screening tool or when they
need to complete documentation for secondary use of medical data, such as with school or
athletic forms.

Data management was the focus of multiple reviews. Several reviewers suggested one EHR
screen to display the pertinent information needed: names, a brief yet comprehensive problem
list, and a descriptive updatable summary of patient’s history. This requirement seems similar to
the needs of adult providers with the exception that some data elements may be exchangeable
and problem lists in children often tend to be more dynamic than in adults.
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The fact that providers see large numbers of patients in a day is reflected in the fact that
many reviewers addressed the need for EHRSs to be integrated into the provider’s workflow.
Several providers complained about EHR systems that lead to disruptions of the workflow
mostly focusing on the ease of documentation and note taking. Another provider complained
about software that requires going back and forth between screens in order to do visit
documentation, which does not reflect the natural steps of information gathering in a clinical
visit.

The support of RHCM was well addressed. The elements of these primary care visits are
specific to pediatrics, and many EHR systems are not set up for such documentation. Other
features of the documentation and workflow that reviewers mentioned include: 1) allowing for
patient documentation; 2) allowing for digital signature; and 3) the need to support importing
paper documents and the ability to scan them to patient’s digital record.

Finally, it was noted in peer review that, optimally, EHRs will connect with evidence-based
recommendations directly.

8. Pediatric-Specific Norms and Growth Charts

Summary of Recommended Functionalities and Issues Identified by

Key Informants

One essential area that differentiates pediatric and adult EHR requirements is the need to
incorporate pediatric norms, an issue frequently noted by Key Informants. For example, the
value of normal heart rate is not universal but depends on age. Most EHRs contain alerts and
displays of upper and lower limit of normal based on adult normal values only,***® which may
lead to the loss of their potential to provide clinically useful alerts or visual cues based on the
range of appropriate norms for pediatric patients. The lack of pediatric norms may become
dangerous when an EHR fails to identify and alert for abnormal values that may indicate life-
threating conditions. For example, a heart rate of 60 is normal in an adult but should trigger an
alert in an infant.

Childhood is a period of change, where growth and development advance not always at a
linear acceleration, and special populations will have varying growth patterns. Attention to the
special significance of children’s growth in pediatric practice is also essential for a pediatric
EHR and should manifest in graphic display and special calculations of growth patterns and
comparison with normal velocity of change in typically and atypically developing children.
Because small changes in growth parameters, such as weight changes in premature infants, may
be important, systems should be able to store data scales that adjust the number of decimals to
the total amount (three decimals for the display of weight for a premature infant, zero decimals
for an adolescent) to demonstrate these changes.

Key Informants noted that the development of alternative growth charts to account for
variations in growth patterns may be limited by poor availability of evidence strong enough to
support their use and the fact that validated growth charts for special populations are lacking.
Special population growth charts in commercial EHR systems, if available, may be derived from
unknown data samples and using methods that may not have been clearly reported. Data sets
used to derive the specialized charts are typically not accessible for testing.
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User Perspective From AAP Review System

The Pediatric-Specific Norms and Growth Charts functionalities were mentioned in many
reviews. The majority of pediatric providers who reviewed their own EHR systems on the AAP
Web site expressed satisfaction with the fact that pediatric growth charts were available to them.
However, a few reviewers reported using EHR systems that did not provide any growth charts at
all. A few other providers complained about the absence of specific charts like a BMI chart,
premature infant growth charts, and Down syndrome growth charts.

As a key element for tracking a child’s health and development, growth charts are of major
concern to pediatricians. The reviewers stressed the need for up-to-date and standardized growth
data from reputable sources like World Health Organization or the Centers for Disease Control
and Prevention as well as alternate charts for children with developmental issues such as being
born prematurely or having Trisomy 21. Other concerns included:

The need for automatic percentile calculations;

The need to have height, weight and BMI included on the same chart;
The need for alternate units of measurement;

The need for the parameters to be customizable by age; and

General usability/readability of the plotting feature.
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literature review did not provide a solution, but the paucity of evidence should be an impetus for
ongoing research.

GQ2B. Are certain pediatric-specific functionalities beneficial for a provider

to conduct her work including sick and well-child visits? If so, does this vary
by health care setting (e.g. primary care office, specialty care office, school
health, and alternative care settings) or by type of visit (e.g., preventive vs.

acute care)?

The available literature to date provides little suggestion of the ways in which particular
functionalities are beneficial within the context of pediatric care overall, or the degree to which
they affect workflow and day-to-day processes. Key Informants note that while the literature to
date has focused on functionality, in particular as it pertains to meeting requirements and
improving health, substantially less attention has been paid to issues of the user interface and
workflow as they are specific to the care of children. This is clearly an area for future
examination and consideration as pediatric EHRs are developed and disseminated more broadly.

Nonetheless, it is an area where we gleaned input from Key Informants. Key Informants
noted the importance of tying functionalities to supporting pediatric providers in meeting
Meaningful Use requirements and measuring quality. A particular characteristic of the well-child
visit is the degree to which it is highly structured. Components of that visit and parts of the
physical exam for example, may or may not be associated with a quality metric or longer-term
health outcomes.

Key Informants suggested that pediatric quality measures be incorporated into the
development of the EHR such that reporting becomes part of the workflow and not an additional
burden to the provider. In this way, decisions about what to build into the EHR are driven by two
things — our empirical knowledge about what issues are tied to hard health outcomes (e.g.
vaccinations and smoking status), and established quality metrics that will need to be gathered in
a clinical practice.

For example, one particular area that is difficult to integrate into the workflow was noted to
be tracking and care around child development, particularly in a busy environment with short
visit times. By the same token, while tracking child development in an EHR may be a
worthwhile endeavor and desirable to pediatricians, evidence that such incorporation affects
clinical outcomes is largely lacking. Our Key Informants noted aptly that physicians have met
needs such as vaccination logic in the absence of an electronic health record for many years.
Thus of key importance is that the EHR fit easily into the clinician’s workflow with a focus on
usability. Interestingly, as noted in GQ4 below, despite the centrality of this issue, particularly in
pediatrics, evidence is trailing.

Appropriate CPOE integrated with clinical decision support (CDS) for dosing and relevant
alerts make it easy for the pediatric provider to conduct her work. Appropriate weight and age
based dose calculations, appropriate dose ranges, and corresponding alerts to indicate improper
dosing expedite the medication use workflow for the pediatric providers.
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improve safety but that do not generate fatigue, which commonly leads to the practice of
physicians ignoring alerts as a nuisance.

Documentation and Billing

An EHR to support billing and documentation incorporates into a clinician’s workflow.
Currently, patient data is often spread across multiple health systems. Health information
exchange barriers can hinder assimilation of this data. Users of pediatric EHR systems often
requested the ability for customization but without specific indicators on what needs to be
customized. In order to provide customization, venders will need to know which areas and
options the clinician would like to customize. Pediatric providers also often requested
incorporation of specific screening tools and local athletic or immunization forms. For
proprietary tools, licensing can be a barrier to implementation. Local forms may require specific
customization for inclusion.

Pediatric-Specific Norms and Growth Charts

Both the Centers for Disease Control and the World Health Organization have published
validated growth charts for boys and girls, with the distinction of the World Health Organization
chart being a growth standard and the Centers for Disease Control chart being a growth
reference. Unfortunately, validated charts do not exist for many diseases, despite these being
highly desired by pediatric providers. This creates a challenge for EHR venders who must
choose either to including non-validated charts in their software, to rely on customers to decide
which charts they will support, or not to include alternates at all.**

Growth charts are not the only pediatric data without validated norms. Almost every
information category from laboratory test reference ranges to medication doses to vital sign
measurements contains gaps in pediatric normative data. Venders continue to face this constant
challenge of what data to use for pediatric standards.

33



GQ3. Evidence for Pediatric-Specific Functionalities
(Evidence Map)

GQ3A. Is there any evidence that using an EHR adapted for the specific
needs of pediatric providers compared with using a “regular” EHR or not
using an EHR at all produces (a) better quality, including safety and cost
outcomes for patients; and/or (b) improved workflow or job satisfaction for
providers?

GQ3B. Which pediatric-specific functionalities influence (a) patient
outcomes (including safety; quality; cost; equity; standardization of care;
and/or efficiency); (b) the ability of a pediatric provider to conduct work
within the EHR; (c) improvement of workflow and provider satisfaction;
and/or (d) involvement of patients and families (including their education
and shared decision making)?

The evidence base that we identified for GQ3a and GQ3b consisted of targeted existing
systematic reviews, supplemented by original studies published since completion of those
reviews. For QG3a and QG3b, we were limited our inclusion to empirical literature that provided
data on the specific outcomes in these questions.

As this is a technical brief, and not a systematic review, we did not assess the rigor of
individual studies or assess the strength of the evidence. Of note, the available literature did not
directly answer the two GQs. Therefore, we describe the empirical literature that is available in
an attempt to provide indirect evidence around these issues. For example, studies did not
compare non-pediatric to pediatric EHRs, as would be ideal for GQ1. There were a number of
studies describing the de novo implementation of a pediatric EHR using a pre-post approach.
Therefore, we combined the answers to these GQs to provide as complete a view of the available
literature as possible. We have organized the literature around the functionalities described in
GQ1.

We included in our summary studies that used noncurrent comparators and retrospective
studies, but note that these have inherent weaknesses in rigor for assessing effectiveness. We
sought studies that measured effectiveness for better quality, including safety and cost outcomes
for patients and improved workflow or job satisfaction for providers. Studies needed to address
an evaluation of an EHR generally or specific functionalities in a pediatric setting and had to
evaluate an intervention that either was focused in the outpatient setting or that, if studied in the
inpatient setting, would also apply in the outpatient setting. We identified four recent systematic
reviews addressing EHRs or EHR components in pediatric settings. Three primarily addressed
CPOE and medication errors,**** and one assessed pediatric-focused health information
technology.**°

The amount of empirical literature meeting our questions was limited. Nonetheless, we
grouped the information thematically into efforts to improve vaccinations rates, reduce
medication errors, increase accurate diagnoses (primarily of obesity), and other studies (most
commonly focused on screening and preventive care). We identified no studies that directly
compared a pediatric-specific EHR to one developed for an adult population.
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Across all clinical topics, we examined 30 studies that evaluated the implementation of an
EHR overall or modifications to or additions to an existing EHR 21619.°8:61.76.87.103117-136 530
study™® reported on outcomes related to workflow, including satisfaction, but most studies
reported process outcomes (e.g. vaccination rates and medication errors) or documentation
(proportions of children for whom diagnoses were correctly documented). See Figure 1 for
detailed reasons for exclusion.

Figure 1. Literature flow diagram

Records identified through other searches
(i.e., hand search, gray literature)

Records identified through
database searching

(n=3315) (n=19)
W W
Records excluded at abstract
Records screened -~ screening
(n=3334) (n=2950)
v Records excluded at full text
Full text papers assessed for screening
eligibility = (n=246)
(n=384)
* Population not youth (n=11)
* Not pediatric-specific
\E functionality (n=147)
* Not in a health care setting
Retained for Guiding (n=40)
Question 1, 2, 3, and/or 4 Not outpatient-specific (n=53)
(n=138) Did not address a Guiding
Question (n=53)
*  Unavailable (n=4)
* Duplicate (n=2)
Retained for Guiding
Question 3
(n=30) Notes:*Records could be excluded for

multiple reasons.

An AHRQ review assessed pediatric health information technology broadly and noted some
evidence to support CPOE and CDS from a small number of studies, largely conducted in
academic medical centers.*® Some studies reported improvements in documentation and
antibiotic prescribing and some reductions in medication errors. Evidence for changes in vaccine
adherence was mixed, with small improvements in adherence to one vaccine in one study in a
general pediatric population and improvements in flu vaccine in children with asthma in another.
Timeliness of drug administration and diagnostic testing was improved in one NICU study.™*
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Vaccination-Specific Functionality

As described in GQ1, the availability of vaccine services support in a pediatric EHR is
consistently described as a core functionality. The prominent role of the vaccination schedule in
well-child care makes it unsurprising that a bolus of work exists evaluating systems of increasing
systems to improve vaccination rates in a variety of populations. The studies most commonly
used clinical decision support and most often targeted rates of influenza vaccine, often in
vulnerable populations.

We sought primarily studies that took place in outpatient settings as those are most relevant
to this technical brief. All of the vaccination studies used some sort of decision support in an
existing EHR (Table 6). Most were retrospective, although two were cluster RCTs, randomized
at the practice level and conducted by the same group.*”*?® In all studies, vaccination rates
increased, although without true comparator groups, the degree to which the increase is
associated with the EHR implementation or to some degree, learned behavior is unknown.
Nonetheless, vaccine support was consistently described in the nonempirical literature and by
our Key Informants as essential and the body of literature provided a basis for feasibility and
effectiveness of using clinical decision support to increase vaccination rates and support the
documentation process.

Table 6. Selected evaluation and outcomes studies on interventions to

in pediatric care

increase vaccination rates

Author, Date
Study Design
Setting

Population

Intervention
Target outcomes

Results

Fiks et al., 2013

RCT, cluster
(randomized at the
practice level)

22 hospital-owned
primary care

All girls ages 11 to 17
years due for at least
one HPV vaccine in the
study period

Clinician and family directed
decision support, using an existing
EHR

Clinician intervention: EHR-based
alerts for all routine adolescent
vaccinations; 2) 1 hour
presentation and 3) quarterly

The combined intervention
group demonstrated the
greatest effect in both
vaccination rates and time to
vaccine, compared to the
control group.

Effects of individual

practices performance feedback reports components or of either the
clinician or family group alone
Family intervention: automated were not significantly greater
telephone calls based on an EHR- | than control.
generated roster.
HPV vaccination rates (cumulative
incidence) and time to vaccine
receipt.
Nelson et al., Pediatric systemic lupus | CDS in existing EHR PVX vaccine (%)
2014% erythematosus Pre: 31.3
Rates of compliance with infection | Post: 81.0
Pilot retrospective Pre: 40 charts and cardiovascular disease
design with a Post: 20 charts preventive care quality indicators Influenza vaccine (%)
convenience Pre: 33.3
sample Post: 95.0
Outpatient specialty Lipid panel (%)
clinic Pre: 25.0
Post: 76.0
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Table 6. Selected evaluation and outcomes studies on interventions to increase vaccination rates
in pediatric care (continued)

Author, Date
Study Design
Setting

Population

Intervention
Target outcomes

Results

Patwardhan et al.,
201257,128

Pre-post;
stakeholder survey

Pediatric hospital
rheumatology

Medical records from
rheumatology patients
aged 1 to 22 years, 3
cohorts (2007, 2008,
and 2009)

Automatic best practice alert
reminder in the record introduced
from September 2009 to April
2010

Claims-based reporting of
influenza receipt over 3 years

Vaccination rate (%)
2007: 9.0

2008: 7.8

2009: 25.5

Rates of vaccination differed
significantly by attending
physician.

clinics

Pollack et al., All children 6 months of | System integrated into EMR to Screening rate (%)

2014 age and older determine flu vaccine eligibility, Pre: 19.8
hospitalized between conduct screening and order Post: 77.1

Pre-post, 2003 and 2012 appropriate formulation

retrospective Vaccination rate (%)

Seattle Children’s Admissions: 20,651 Screening status and vaccination | Pre: 2.1

Hospital status Post: 8.0

Bundy et al., 2013®

Interrupted time
series

Urban, hospital
based pediatric
primary care clinic

children seen by
pediatric residents and
selected from 3 age
groups

CDS prompt to providers to
administer vaccines that were
overdue

Proportion of children up to date at
index birthday; proportion of
children up-to-date within one year
of index birthday

Up-to-date on index birthday
No clinically meaningful change

Up-to-date within one year of
index birthday
No clinically meaningful change

Fiks et al., 2009%
RCT, cluster

20 Primary care
sites (2006-2007)

Children ages 5 to 19
years with asthma

Participants (visits)
Pre-intervention: 10,667
(21,422)

Year 1: 11,919 (23, 418)

EHR-based clinical alert for
influenza vaccine

Captured vaccination opportunities

Change in captured
vaccination opportunities (%)

Intervention sites: 4.8
Control sites: 3.2
95% Cl: —2.4t0 4.9

Fiks et al., 2007
Pre-post

4 urban primary
care centers
affiliated with an
academic medical
center

All children younger
than 24 months during a
1 year intervention
(2004 to 2005)

Visits: 15,928

Electronic reminders programmed
to appear at every visit where a
vaccine was due

Rates of captured immunizations
opportunities and overall
immunization rates at 24 months

Captured immunization
opportunities at well-child
visits (%)

Pre: 78.2

Post: 90.3

Captured immunization
opportunities at sick-child
visits (%)

Pre: 11.3

Post: 32.0

Up-to-date, adjusted (%)
Pre: 81.7
Post: 90.1
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Table 6. Selected evaluation and outcomes studies on interventions to increase vaccination rates
in pediatric care (continued)

Author, Date
Study D_eS|gn Population Intervention Results
Setting Target outcomes
Stockwell et al., Children (predominantly | Electronic reminders based on Influenza vaccination rate (%
20141 Latino and publicly merged data from a regional IS of non-up-to-date children
insured). vaccinated at visit)
RCT, cluster Vaccination status Reminder on: 76.2
8481 unique child visits; | Documentation for non- Reminder off: 73.8
4 community 6958 not-up-to-date administration
pediatric clinics Median age of 6.5 years Documentation of non-
affiliated with an administration
academic medical Reminder on: 68.1
center and Reminder off: 41.5
community hospital

CDS = clinical decision support; RCT = randomized controlled trial; her = electronic health record; EMR = electronic medical
record; HPV = human papilloma virus; 1IS = immunization information service

Medication-Specific Functionalities

Most studies of weight-based dosing and the use of CPOE to reduce errors have been
conducted in inpatient settings, particularly in the NICU or PICU. No studies have used
concurrent comparators. Of the four recent systematic reviews addressing EHRs or EHR
components in pediatric settings, three primarily addressed CPOE and medication errors.
CPOE was typically associated with reductions in medication errors and some improvements in
vaccine adherence and timeliness of care.'®°"3120129 potential associations between reduction in
errors and patient outcomes were not clear, and across reviews, studies assessed heterogeneous
implementations.

Studies were often conducted in academic medical centers or in specialized populations (e.qg.,
in the NICU or with children with asthma), thus generalizability to other settings and contexts
may be limited. Moreover, technologies were implemented in unique and complex systems of
care, and disentangling the effects of an individual technology from the overall system of care is
challenging. We summarize these prior reviews below from recent to oldest in Table 7.

One review and meta-analysis published in 2014'*% included eight pre-post studies
addressing CPOE implemented in the PICU setting. In seven of eight studies, medication errors
were significantly reduced after implementation. The review also reported positive effects of
electronic decision support and documentation tools on prescribing errors and delay in
medication delivery. CPOE with CDS was positively associated with error reduction in meta-
analysis (RR=0.47, 95% CI: 0.28 to 0.79).**3

Another review included eight studies of CPOE systems in the NICU or PICU. Medication
prescription errors and/or adverse drug events decreased in three of five studies and decreased in
another, though potential adverse drug events increased. Mortality results were mixed with a
significant decrease post-implementation in one study, significant increase in another study, and
non-significant decrease in third. In meta-analyses, potential and actual adverse drug events
showed a non-significant decrease after CPOE (RR=0.65, 95% CI: 0.01 to 0.77), and mortality
rates were not significantly influenced by CPOE (RR=1.02, 95% CI: 0.52 to 1.94). In the one
study reporting an increase in mortality after CPOE introduction,*? mortality risk associated with
CPOE was elevated (OR=3.28, 95% Cl: 1.94 to 5.55).***

113,114,115
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Table 7. Selected evaluation and outcomes studies on CPOE and weight-based dosing (continued)

Author, Date
Study Design
Setting

Population/Groups

Intervention
Target outcomes

Results

Maat et al., 20121%
Interrupted time-
series simulation
study

Academic NICU

All neonates hospitalized
for one or more days
between 2001 and 2007
with one or more risk
factors for hypoglycemia or
hyperglycemia (n=2040)

System combining CPOE and
parenteral and enteral
nutrition ordering (CPOE
system with additional CDS
for glucose calculations)

Hypoglycemic and
hyperglycemic episodes and
prescribing time efficiency

No significant pre-post
difference on numbers of hypo-
and hyperglycemias per 100
hospital days of patients in every
3 month period (p=0.88; p=0.75)
or per 100 glucose
measurements (p=0.91; p=0.74)
Stratification for SGA also
showed no effect.

Physicians completed the three
simulation cases correctly with a
significant reduction in time with
CPOE vs. calculation of 1.3
minutes for simple and 8.6
minutes for complex cases.

Kazemi et al.,
20093

Pre-post with three
periods

Iranian neonatal
ward

P1: no CPOE

P2: CPOE without decision
support

P3: CPOE with decision
support

CPOE with and without
decision support

Non-intercepted dosing errors
in antibiotics and
anticonvulsants

There was no significant
difference in error rates pre and
post CPOE without decision
support. Errors were significantly
reduced after decision support
was added to the CPOE (53% to
34%; p<0.001)

Dose errors were more
frequently intercepted than
frequency errors.

Notably, physicians ignored
alerts when they did not
understand why they appeared.

Longhurst et al.,
2010'®

Pre-post

Academic
children’s hospital
(quaternary care
center)

All non-obstetric inpatients
admitted 2001 to 2009

Discharges (n)
Pre-intervention: 80,063
Post-intervention: 17,432

CPOE (locally modified
functionality within a
commercially sold EHR to
support CPOE and electronic
nursing documentation)

Mean monthly adjusted
mortality

Change in mortality rate,
adjusted mean monthly
Post-implementation: 20%
reduction (95% CI: 0.8 to 40),
p=0.03

40




Table 7. Selected evaluation and outcomes studies on CPOE and weight-based dosing (continued)

Author, Date
Study Design
Setting

Population/Groups

Intervention
Target outcomes

Results

Kadmon et al.,
200912

Pre-post with four
periods

Tertiary care
medical center,
PICU

1250 orders from each of
the 4 periods

P1: no CPOE

P2: CPOE without decision
support

P3: CPOE with decision
support

P4: CPOE with decision
support after a change in
prescription authorization

CPOE with and without
decision support that included
dosage recommendations and
limits on prescriptions

Prescription error rates

Total errors (%)
P1:.8.2

pP2:7.8

P3:4.4

P4:1.4
p<0.0001

Potential adverse drug events
(%)

P1.2.5

P2:2.4

P3:0.8

P4:0.7

p=0.82

MPEs (%)
P1:55
P2:5.3
P3:3.8
P4: 0.7
p=0.0001

RVs

P1: 0.002

P2:0.001

P3:0

P4:0.7

p=1.0

Significant decreases in errors
occurred only after the addition
of decision support to the CPOE

Yu et al., 2009
Case control study

Data from the
health information
management
systems society
analytics database
linked with the
national association
of children’s
hospitals database
(2005 — 2006)

Children’s hospitals

Cases: 4,625
Controls: 18,040

Presence of a CPOE
(hospitals that implemented
electronic order entry in all
clinical domains)

Adverse drug events

Odds of experiencing an ADE
were 42% higher in hospitals
without CPOE
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Table 7. Selected evaluation and outcomes studies on CPOE and weight-based dosing (continued)

Author, Date
Study Design
Setting

Population/Groups

Intervention
Target outcomes

Results

Ginzburg et al.,
2009%

Children ages 12 and
younger receiving either
ibuprofen or

Automated weight-based
dosing calculator within the
EHR

Pre- vs. Post-intervention
Medication errors: p=0.002
Strength overdosing errors:

Pre-post acetaminophen

prescriptions

p=0.028
Medication and overdosing
Multiple family errors
medicine clinics Visits (n)

Pre-intervention: 316

Post-intervention: 224

CPOE = computerized physician order entry; her = electronic health records; NICU = neonatal intensive care unit; PICU =
pediatric intensive care unit
& See: “Improving Antimicrobial Prescribing Practices in the Neonatal Intensive Care Unit” (5R01NR010821)

Obesity Diagnosis

A body of literature exists on methods for encouraging the recording of BMI and
presumably, appropriate follow up, including a prior systematic review on the use of information
technology for screening and treating obesity that includes studies through April 2012.%" All but
one of the newer studies identified used a pre-post design (Table 8). Newer studies consistently
reported higher rates of diagnosis and documentation, but given substantial attention paid to
issues of obesity in children, it is not entirely clear that increases may not have been associated
with secular trends. No studies describe patient health outcomes or directly address workflow
issues.

As noted in a study published in 2012, in which there was a concurrent comparator, the
predicted probability for a diagnosis of obesity increased in both groups (with and without a
structured progress note) but the increase was greater in the intervention group. In this study, the
effect of a point of care alert with clinical decision support was studied in two group practices in
Massachusetts.**” One implemented the alert, and the other did not. The decision support tool
was activated in the intervention set of clinics for children whose age and sex-specific BMI was
equal to or greater than 95 percent. The baseline rate of documenting an ICD-9 code for obesity
was significantly lower in the intervention group at baseline than in the comparator group, and
this group demonstrated significantly greater improvement in documentation over the course of
the study. While this study demonstrates a case in which a decision support tool was able to
increase documentation, additional study is necessary to understand the degree to which
documentation leads to appropriate care and patient-centered outcomes. All other studies were
pre-post with the inherent risks of bias associated with that design.
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Table 8. Selected evaluation and outcomes studies on use of documentation functionalities to
improve identification of obesity

Author, Date

Intervention

Study D_eS|gn Population Target outcomes Results
Setting
Shaikh et al., 36 pediatric house staff | An alert for high BMI, a checklist Diagnosis of overweight/
2014 and 12 attending and standardized documentation | obesity increased from 40% to
physicians; 432 template 57%.
Pre-post overweight/obese

UC Davis Health
System

children (574 total visits)

Adherence to clinical
recommendations for overweight
and obesity

Proportion of children
scheduled for followup visits
increased from 17% to 27%.

Bode et al., 2013'*°
Pre-post
Academic military

medical center,
adolescent clinic

All adolescent patients,

ages 12to 19

presenting for well-child

care

Inclusion of BMI percentile and
BMI growth curve by the medical
screener

Rates of BMI
Pre: 30.0
Post: 30.5

Correct diagnosis rate (%)
Pre: 40.0

Post: 64.0

Pre vs. Post: OR=3.36, 95%
Cl: 1.7t0 6.7

Savinon et al.,
201210

Pre-post

Federally funded,
privately owned
community health
center

All children ages 7 to 18
years presenting for a

well-child visit for a total
of 74 records (40 written

and 34 electronic)

Customized EMR including data
entry for BMI calculation, risk
assessment questionnaire for
parents, diagnosis prompt, and an
obesity-specific followup visit.

Frequency of recording BMI,
completing growth charts

Number of children diagnosed with
overweight or obesity

Rates of diagnosis
no change

BMI recorded in EMR

patients were significantly more
likely to have a BMI recorded in
the record after the intervention

Keehbauch et al.,
20121

Pre-post

Two community-
based family
medicine residency
clinics

Family medicine

residents, pediatric and
family medicine faculty

Pediatric patients aged

2 to 18 years

EHR upgrade to include BMI by
gender and age, plus physician
education versus EHR upgrade
alone

Site 1: EMR upgrade plus
physician education
Site 2: EMR upgrade alone

Correct documentation of
overweight or obese status
(%)

Site 1:
Pre: 29.7
Post: 40.2

Site 2:
Pre: 19.4
Post: 27.5

Ayash et al.,
2012

Quasi-experimental
(natural)
experiment

Multisite group
practices

Children ages 2 to 18

years seen for well-child
care between 2006 and

2008

Intervention: 34,908
Comparison: 123,446

Computerized point of care alert
with clinical decision support;
physicians at one system were led
to a structured progress note

Predicted probability of diagnosis
of childhood obesity

Predicted probability of an
obesity diagnosis increased
significantly more in the
intervention group than in the
control.

BMI = body mass index; her = electronic health record; EMR = electronic medical record

Other Functionalities Including Prevention and Counseling

A growing body of literature is assessing additional services, including preventive care and
counseling. Much of this literature focuses on populations with special health care needs and
thus provides support for the use of EHRs in population management. Populations studied
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included children with asthma and attention deficit hyperactivity disorder (Table 9). Screening
and prevention topics included increasing appropriate Pap smears in young women, screening for
anemia and tuberculosis on the basis of family triggers, and behavioral screening.

A recent study assessed whether the rates of preventive counseling delivered at well-child
visits is different for practices that use a basic EHR, a fully functional EHR, or no EHR.* This
study provides the best estimates to date of national rates of EHR use as they relate to preventive
care. The authors conducted a cross-sectional analysis combining data from the National
Ambulatory Medical Care Survey (NAMCS) and the National Hospital Ambulatory Medical
Care Survey (NHAMCS) Electronic Medical Records Supplement from 2007-2010. NAMCS
provides information about the use of ambulatory medical care service and NHAMCS provides
details about hospital-based outpatient and emergency departments in the United States. These
two surveys include information provided by physicians or staff members that include patient
demographics, counseling topics discussed, ICD-9 codes, and visit duration.

Overall 77 percent of preventive visits were performed with no EHR, 14 percent with a basic
EHR, and 9 percent with a fully functional EHR. When comparing basic to fully functional
EHR’s, visits take 3.5 more minutes (18%) for fully functional EHRs than those with basic
EHR’s (p=0.05). In practices with fully functional EHRs, 34 percent more counseling topics
were covered in during the visit. When time is considered in the model, visits utilizing fully
functional EHR’s provided 36 percent more counseling than those without an EHR (p=0.009)
and for each 10-minute increase in time spent, the average number of topics increased by 12
percent (p=0.01).

One study described the time needed to learn a new system and return to baseline visit
numbers after implementation of an EHR.*® This study reported simultaneously that outcomes
were positive in terms of increasing presence of problem lists, decreased medication and forms
turnaround time and decreased need for medical support staff. However, appointments had to be
restricted for 3 months rather than the expected 4 weeks as staff learned the system.
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Table 9. Selected evaluation and outcomes studies of other functionalities

Author, Date
Study Design
Setting

Population

Intervention
Target Outcomes

Results

Rand et al., 2013%°
Cross-sectional
Analysis of NAMCS

and NHAMCES
data (2007 — 2010)

National comparison of

practices with and
without EHRs

Well-child visits

Presence of an EHR

Preventive counseling at child and
adolescent well-child visits

Practices with EHRs
documented 34% more
preventive topics than those
without

Well-child visits with a fully
functional EHR lasted 3.5
minutes longer than those with
a basic EHR

White et al., 2013

Pre-post,
retrospective
review of data

Academic medical
center

374 adolescents,

median age 19 (range:

14 to 20) years; 71
providers

CDS revised to reflect current
guidelines for screening in
adolescents, including raising
reminder age to 21 years, and
providing guidance about which
test (Pap only) is appropriate for
young women.

Physicians cervical cancer
screening patterns for adolescents

Number of pap smears
decreased significantly overall
(34%, p<0.0005) by 60%
among OB/GYNs (p<0.005)
and by 20% (p=0.08) among
primary care physicians.

The proportion of pap smears
that were indicated did not
change significantly overall or
in any department.

Most pap tests in both periods
were not supported by the
guideline-concordant algorithm.

Hacker et al.,
20122

Pre-post

Academic pediatric
practice

Seven pediatricians,
serving 6,000 patients

Implementation of an EHR
(transition from paper records)
with a questionnaire for entering
results from paper forms
previously used to screen for
mental illness

Rate of behavioral screening
increased in the baseline
period from 70% to 91%, but
decreased in the training period
by 28%.

Half of eligible youths were
screened in the month after
implementation and screening
did not return to baseline levels
until 3 years after
implementation.

Carroll et al.,
2011%

RCT

General pediatric
practice

2239 children

CHICA decision support and EMR
system

Implementation of screening for
iron-deficiency anemia and
tuberculosis based on family
response to trigger questions

Physicians were more likely to
screen in the presence of risk
factors in the intervention
group.

Anemia: 17.5% vs. 3.1%,
p<0.001

Tuberculosis: 1.8% vs. 0.8%,
p<0.05
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Table 9. Selected evaluation and outcomes studies of other functionalities (continued)

Author, Date
Study Design
Setting

Population

Intervention
Target Outcomes

Results

Co et al., 20108
RCT, cluster
General pediatrics;

12 primary care
practices

Children aged 5 to18

years with a prior

diagnosis of ADHD; 79

pediatricians

EHR-based decision support,
including a) clinician reminders to
assess symptoms; and b) and
ADHD note template

Proportion of children with visits in
the study period in which ADHD
was assessed and quality of
documentation of ADHD
assessment

Patients in the intervention
practices were more likely to
have had any visit at which
ADHD was discussed (p=.04);
however, they did not have an
increased likelihood of a non-
well-child visit with ADHD
discussion (.p=.27) or a well-
child visit with ADHD
discussion (.33).

33% of eligible physicians in
the intervention group used the
ADHD template over the study
period. The template was never
used for any visit other than
one specifically for ADHD.

Bell et al., 2010
RCT, cluster

Children’s Hospital
of Philadelphia
system, 12 primary
care sites in the

stratified on urbanity

CDS alerts embedded in the EHR
to encourage physicians to use
available asthma management
tools

Proportion of children with
persistent asthma with 1) at least
one prescription for controller
medications; 2) up to date ACP; 3)
for ages 6 , documentation of
spirometry

Urban intervention practices
had statistically significant
increases in asthma controller
medications and spirometry
compared to controls. Although
suburban practices had
significant increases pre-post
overall, there was no significant
difference between intervention
and control groups. Of note,
urban practices had higher
rates of compliance prior to the
intervention.
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deficiency anemia. If there were concerns, the provider worksheet would then reflect the
increased risks with tailored alerts and encourage them to explore this area more thoroughly with
the patient and perform risk-based screening tests if appropriate. The study included a control
group in which the parents did not receive questions to answer and the provider worksheet
contained only a generic reminder to inquire about these two conditions.

This study resulted in significant findings for the detection of risk factors for tuberculosis and
iron-deficiency anemia. In the intervention group, significantly more people reported positive
risk factors for iron-deficiency anemia as compared with the control group (OR=6.6, 95% CI: 4.5
to 9.5). In the tuberculosis group, there were also significantly higher detection rates of positive
risk factors (OR=2.3, 95% CI: 1.0 to 5.0). The authors demonstrated that the CHICA system
performs well in assessing risk directly from parents and patients to determine who should
receive risk-based screening for tuberculosis and iron-deficiency anemia.

Ongoing Research

It is clear that research that is more rigorous is needed to inform development and
implementation, and indeed a number of studies have been identified as being in progress.
Studies that are currently registered as ongoing are documented, including their populations,
interventions, and outcomes under study in Appendix F. We identified 17 ongoing studies, most
of which are being conducted at academic centers, on a range of clinical topics, including
improving asthma care, increasing vaccination uptake, weight-based dosing and care for
premature infants.
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GQ4. Dissemination and Future Developments

GQ4A. How does testability and usability of core functionalities promote or
impede dissemination and future development of pediatric EHRs?

A number of challenges are associated with the development and implementation of core
functionalities for pediatric EHRS.

Implementation of health information technology projects has a significant likelihood of
failure. Adding pediatric functionalities to existing EHRs may both have a positive effect or
negative on implementation success. Among the anticipated positive effects is the possibility that
adding functionalities to EHRs that support workflow and required tasks that pediatric providers
need to perform will increase provider willingness to adopt these systems. Presumably, under
this scenario, they will perceive the value of the improved workflow, reduced documentation
burden, and secondary utilization of data, including school physical exams or immunization
records.

Negative effects through additional pediatric functionalities may be linked to poor
implementation into workflows, inclusion of functionalities that have little value to pediatric
providers, and unintended consequences of new pediatric functionalities such as increased
documentation burden or increased liability.

Introducing a new pediatric functionality to an EHR should, therefore be done thoughtfully
and is ideally is done in consideration of utility, testability, and usability principles.
Understanding the importance of computability and specificity of guidelines as well as
motivations for development of pediatric-specific functionalities provides further insight into
how dissemination and development will be driven in the future.

Utility

Utility refers to the usefulness of a specific function to both the pediatric provider and the
patient. If a pediatric function is added to the EHR that rarely provides value and is associated
with a significant burden, for example underdosing alerts,® then its utility must be considered as
low and vendors and providers should refrain from implementing it into pediatric EHRs.

We identified no specific literature to the topic of utility of pediatric functionalities, although
Key Informants identified a number of functionalities that they perceived to have high immediate
utility for pediatric providers. These included such as dosing support, immunization
documentation and forecasting, documentation of pediatric development and physical exams,
anticipatory guidance, and pediatric growth charts, as described in GQ1. Also, certain high
volume diseases and their pediatric specific management needs were identified as targets for
functionalities with high value (e.g. subpopulation management of children with asthma).

Testability

Testability or validity refers to the finding that a pediatric functionality actually performs the
function it purports to perform. For example if immunization forecasting is added to an EHR, it
has to be validated that it actually provides the correct recommendation to a provider. For this
scenario, the Centers for Disease Control and Prevention recognized the complexity and provide
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an essential issue to address. The implementation alone of desired pediatric-specific
functionalities is not necessarily associated with an improved pediatric EHR to support pediatric
care, as it is the usability of the functionality that drives acceptance. Building pediatric
functionality is not enough to assure that the EHR is being used by pediatric providers.

Several comments from Key Informants emphasized the importance of new functionalities
being able to support workflows in an efficient manner, at the risk of being underutilized.
Among the comments:

e "Frequently, pediatricians report that the core functionality takes too long or is too

complicated. Usability is the issue, and is one that is difficult to measure.”

e "Software can be designed with the functionality, but if it is not in a workflow-friendly
user interface, it does not matter that the functionality exists. A feature list without a
gauge of usability is not helpful.”

e "One of the chief complaints that you hear from the users is that it is too hard to use plain
and simple. If they are too hard to use, then the full benefit of what is the actual
functionality is lessened."

One suggestion to increase usability of new functionalities was to recommend that vendors
provide real-time, contextual support features to optimize the use of pediatric tools. Usability of
EHR functionalities has been recently reviewed by AHRQ.™ In the adult literature, usability of
core functionalities has affected EHR adoption and dissemination. The report recommended
additional research to document use patterns and evaluate user interfaces in the pediatric domain.

However, a literature search did not identify any articles specific to pediatric core
functionalities. It is clear from feedback provided to the AAP EMR review site that there is a
difference in perceived usability of core functions across the spectrum of commercially available
EMRs. Feedback on that site is designed to both steer pediatric practices toward more usable
systems and to “raise the bar” of functionality in those systems found less usable. Given the wide
variation in perceived usability, it would be useful to understand how these perceptions affect
dissemination and future modifications by these vendors. There was implied consensus through
the categories evaluated in the EMR review site and expressed consensus by the Key Informants
that usability evaluation/research in pediatric EHRs is needed to improve experience, workflow,
and incentives for EHR use.

Specificity and Computability

Proposed functionalities should be clearly defined, using specific guidelines and standardized
data when applicable to reduce vendor interpretation and translation.

A Key Informant representing a pediatric EHR vendor stated that, "The more concrete and
computable, the more likely a vendor is going to pay attention.” The same informant gave an
example of two different sets of data for pediatric growth charts - one from the Centers for
Disease Control and Prevention and one from the World Health Organization - and explained
that, "If there is no source of official data, vendors effectively make up the data and put it in their
EHR. In practice, vendors can easily produce the features; however, vendors cannot make up the
standards."

Key Informants suggested that organizations such as the AAP and other key expert
organizations should work with vendors to aid in the creation and dissemination of guidelines
and standardized data similar to the work currently performed by the Partnership for Policy
Implementation at the AAP.
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Next Steps

Through discussion with our Key Informants and review of the literature, we have described
functionalities that will support the pediatric clinician in caring for children. This technical brief
is intended to provide an overview of current practice and research and to identify areas for
improvement.

The brief was commissioned for use as part of a larger project being completed by CMS and
AHRQ to prioritize functionalities for pediatric EHRs in order to promote their use and
implementation. Clearly, this brief has also identified a number of areas that are in need of
rigorous research and we hope that it will encourage researchers and funders to ensure that this
empirical work is pursued. Given the small number of empirical studies providing an evidence
base for what works in this field, it is clear that research that is more rigorous is needed to inform
development and implementation. A number of studies have been identified as being in progress.
Studies that are currently registered as ongoing are documented, including their populations,
interventions, and outcomes under study in Appendix F. We identified 17 ongoing studies, most
of which are being conducted at academic centers, on a range of clinical topics, including
improving asthma care, increasing vaccination uptake, weight-based dosing and care for
premature infants. We hope this report encourages all stakeholders to collaborate on this effort to
improve electronic health records, ensuring we provide the best possible care for children.
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Appendix A. Literature Search Strategies

Medline via PubMed
Search terms Search
results

#1 (“pediatrics”[mh] OR “infant’[mh] OR “Child”[mh] OR “adolescent’[mh] OR “child health 2850349
services”[mh] OR “intensive care units, pediatric’[mh] OR “hospitals, pediatric’[mh])

#2 (child*[tiab] OR paediatr*[tiab] OR pediatr*[tiab] OR adolescent*[tiab] OR neonat*[tiab] OR 1535394
infant*[tiab])

#3 Search (#1) OR (#2) 323347

#4 (“Medical records systems, computerized’[mh] OR “decision support systems, clinical’[mh]) 28598

#5 ((“cpoe’[tiab] OR “computerized physician order entry”[tiab] OR “computerized order 13499
entry”[tiab] OR “computer order entry”[tiab] OR “cdss”[tiab] OR “clinical decision support
systems”[tiab]) OR (electronic[tiab] AND (health record*[tiab] OR medical record*[tiab])))

#6 Search (#4) OR (#5) 35200

#7 Search (#3) AND (#6) 3299

#8 Limit to publication year >1998 3240

Abbreviations: mh=Medical Subject Heading; tiab=title/abstract word.

Notes: *Using “medical order entry system” subject heading instead of “medical records systems,
computerized” retrieves 2165 records. Using the broader term, “medical records systems, computerized”
which encompasses “medical order entry system” and “electronic health records” retrieves an additional
1105 records- many of which may not be relevant to this topic. Cataloguers use the most specific heading
available, however in this case, the broader term “medical records systems, computerized” was introduced
in 1991, more than a decade before the more specific headings “medical order entry system” and
“electronic health records”. ° Initial search conducted on 8/5/2014 retrieved 3038 records. On 1/5/2015, an

updated search retrieved 202 additional unique records.

EMBASE

Search terms Search
results

#1 (pediatric* or child* or infant* or paediatric* or neonat* or adolescen*).mp 3032578

#2 ("computerized provider order entry" or "cpoe" or "electronic health" or "EHR" or “clinical 18501

decision support” or "CDS" or "CDSS").mp

#3 #1 AND #2

1475

#4 Limits: NOT Medline, Publication Date: 1999-Current

84

Notes: ®Search executed on 8/05/2014; "After duplicates were removed, 75 unigue records from were

retained.
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Appendix B. Key Informant Interviews

The Vanderbilt Evidence-based Practice Center (EPC) Director and the Agency for Healthcare
and Quality (AHRQ) Task Order Officer reviewed the completed Disclosure of Interest forms
for each Key Informant. We conducted discussion calls with nine Key Informants, one of whom
was an employee of the Centers for Disease Control and Prevention. We were not required to
obtain Office of Management and Budget (OMB) clearance for the Key Informant interviews
because we included fewer than ten non-government associated participants.

We scheduled calls to include two or more Key Informants based upon availability and
concordance of perspectives. The EPC Director and a co-investigator from the project team led
each of the Key Informant discussion calls. We held three calls, each lasting 60 minutes. We
recorded the discussion calls and distributed a summary to the participants. We organized the
discussion summaries Guiding Question for analysis by the authors. The report authors identified
key themes from multiple perspectives and noted unique perspectives from Key Informants.
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work within the EHR; ¢) improvement of workflow and provider satisfaction; and/or d) involvement of
patients and families (including their education and shared decision making)?
e Data of usefulness is mostly unpublished

GQ4. Dissemination and future developments

GQ 4A: How does testability and usability of core functionalities promote or impede dissemination and
future development of pediatric EHRs?

e Testing for usability can be difficult
¢ Real-time contextual support
e Provide specific guidelines, concrete and computable information for translation by vendors

e Decrease burden of reports, order, and care plans.
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Appendix D. Screening Forms

Abstract Screening Form

Abstract Screening Form

e If you answer “No” to one or more questions (with the exception of #4) the record is excluded.
e If you answer “Yes” or “Cannot Determine” to all questions, the record is promoted for full text screening.

e To flag a reference for team review, background, or review of references, check one or more reasons listed at

the end of the form.

e Use the comments field as needed to enter reference specific notes or questions.

e  Submit the form to move to the next reference.

1. Population is children, aged 21 years or younger Yes No Cannot Determine
2. Addresses pediatric-specific functionality or feature for an EHR Yes No Cannot Determine
3. Health care setting (i.e., exclude camp, school, public health,

kindergarten settings, etc.) ves No  Cannot Determine

4. Reports original research Yes No Cannot Determine

5. [If #4 is “Yes"]: Addresses Guiding Question(s) 1, 2, 3 and/or 4
5. [If #4 is “No"]: Addresses Guiding Question(s) 1, 2, and/or 4

GQ 1A. Are there functionalities that have been identified in the literature and feature more prominently
than others as potentially important to achieve for improving children’s health?

GQ 2A. What is the potential value of pediatric-specific functionalities in the context of care transition,
specifically from newborn care to pediatric primary care, from pediatric primary care to pediatric specialist
care, and from pediatric primary care to adolescent care?

GQ 2B. Are certain pediatric-specific functionalities beneficial for a pediatrician to conduct her work
including sick and well-child visits? If so, does this vary by health care setting (e.g. primary care office,
specialty care office, school health, and alternative care settings) or by type of visit (e.g., preventive vs.
acute care)?

GQ 2C. What are the challenges to implementing specific functionalities? Are these harder than others to
implement by a) vendors; or b) pediatric providers?

GQ 3A. Is there any evidence that using an EHR adapted for the specific needs of pediatric providers
compared with using a “regular” EHR or not using an EHR at all produces: a) better quality, including
safety and cost outcomes for patients; or b) improved workflow or job satisfaction for providers?

GQ 3B. Which pediatric-specific functionalities influence: a) patient outcomes (including safety; quality;
cost; equity; standardization of care; and efficiency); b)the ability of a pediatric provider to conduct work
within the EHR; ¢) improvement of workflow and provider satisfaction; or d) involvement of patients and
families (including their education and shared decision making)?

GQ 4A. How does testability and usability of core functionalities promote or impede dissemination and
future development of pediatric EHRs?

Does not address a guiding question

Retain for: _ Team Review ___ Background/Discussion ___ Review of References ___ Other

COMMENTS:

Yes No Cannot Determine

X-1
X-2
X-3

Neutral

X-4

GQ1A

GQ2A

GQ2B

GQ2C

GQ3A

GQ3B

GQ4A
X-4

Note: In Distiller, question #4 uses branching logic to ensure that Guiding Question 3 is addressed by original
research. If the answer to #4 is “No” the option for Guiding Question 3 will be hidden.




Full Text Screening Form

Full Text Screening Form

Senior reviewer decision for study status: Include
If excluded, mark reason(s)

Not children (i.e. older than 21 years of age)

Does not address pediatric-specific functionality or feature of an EHR

Not a healthcare setting of interest

Not relevant to outpatient setting

Does not address a Guiding Question

If included, mark Guiding Question(s)

GQ 1A. Are there functionalities that have been identified in the literature and feature more prominently
than others as potentially important to achieve for improving children’s health?

GQ 2A. What is the potential value of pediatric-specific functionalities in the context of care transition,
specifically from newborn care to pediatric primary care, from pediatric primary care to pediatric
specialist care, and from pediatric primary care to adolescent care?

GQ 2B. Are certain pediatric-specific functionalities beneficial for a pediatrician to conduct her work
including sick and well-child visits? If so, does this vary by health care setting (e.g. primary care office,
specialty care office, school health, and alternative care settings) or by type of visit (e.g., preventive vs.
acute care)?

GQ 2C. What are the challenges to implementing specific functionalities? Are these harder than others
to implement by a) vendors; or b) pediatric providers?

GQ 3A. Is there any evidence that using an EHR adapted for the specific needs of pediatric providers
compared with using a “regular” EHR or not using an EHR at all produces: a) better quality, including
safety and cost outcomes for patients; or b) improved workflow or job satisfaction for providers?

GQ 3B. Which pediatric-specific functionalities influence: a) patient outcomes (including safety; quality;
cost; equity; standardization of care; and efficiency); b)the ability of a pediatric provider to conduct work
within the EHR; ¢) improvement of workflow and provider satisfaction; or d) involvement of patients and
families (including their education and shared decision making)?

GQ 4A. How does testability and usability of core functionalities promote or impede dissemination and
future development of pediatric EHRs?

Does not address a guiding question
Retain for: _ Team Review ___ Background/Discussion ___ Review of References ____ Other
COMMENTS:

X-1
X-2

X-4
X-5

Exclude

GQ1A

GQ2A

GQ2B

GQ2C

GQ3A

GQ3B

GQ4A
X-4




Appendix E. Summary of Consensus Statements

Citation

Title

Notes

Category

Gray et al.,
2014"

Recommendations for EHR
Use for Delivery of
Adolescent Health Care

- Global, excluding China and India, EHR usage in 2010.

- Adolescent confidentiality protection summarized

- Adolescent may forgo healthcare if their privacy is
threatened.

- No incentive for EHR vendors, in current regulatory
environment, to incorporate granular privacy controls in
their products.

Privacy
(Adolesce
nts)

Patterson et
al., 20132

Enhancing EHR Usability in
Pediatric Patient Care: A
Scenario-Based Approach

- Summary of the NIST 7865 report (see below) Highlights
a few selected recommendations for EHR vendors and
developers, small-group pediatric practices, and
children’s hospitals.

- Special considerations for pediatric patients from clinical
experts

- Relevant concepts for human factors engineering from
Human Factors experts

Pediatric-
specific
norms

Blythe et al.,
20123

Standards for Health
Information Technology to
Ensure Adolescent Privacy

- Recommends nine basic principles for ‘ideal’ EHR

- Supports the caution that adolescent may forgo
healthcare if privacy is threatened

- States that HIPAA not specific to adolescent privacy
issues which may result in deferral to state laws
regarding minors

Privacy
(Adolesce
nts)

Lowry et al.,
2013*

A Human Factors Guide to
Enhance EHR Usability of
Critical user Interactions
when Supporting Pediatric
Patient Care. [NIST.IR.7865]

- Highlights the user interactions unique to or salient for
pediatric care and

- Details the unique features of pediatric patient care, in
contrast to general adult patient care including patient
physiology, complexity of routine tasks, and limited
communication abilities.

- Provides conceptual model of unique user-related risks
of EHR systems for pediatric patients.

- It covers human factors guidance for critical user
interactions along 9 themes (patient identification,
medications, alerts, growth chart, vaccinations, labs,
newborn care, privacy, and radiology

- Suggests opportunities for innovations to consider for
specialized child modules that can be used in
conjunction with an established EHR.

- Appendix covers scenarios citing the potential pitfalls.

Pediatric-
specific
norms

ACOG
Committee
on
Adolescent
Health Care
2014°

ACOG Committee Opinion #
599: Adolescent
confidentiality and electronic
health records

- Clarifies that HIPAA privacy rule leaves health care
providers with questions about the relationship between
HIPAA local applicable laws

- Standards lacking for state and other laws pertaining to
minor consent, provisions for privacy and services
governed by federal laws.

- Details the nature and requirement of the adolescent
privacy and confidentiality of services consented by a
minor

Privacy
(Adolesce
nts)

Gerstle et
al., 2007°

Electronic Prescribing
Systems in Pediatrics: The
Rationale and Functionality
Requirements

- Describes the levels and implementation of e-
prescribing.

- Cites pediatric specific advantages of CPOE

- Suggests and provides guidelines, potential barriers,
and cautions against potential pitfalls.

- Cites benefits of e-prescribing to public health, patient,
pharmacists, insurers and providers.

Medicatio
ns/
CPOE

E-1
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Study Name Sponsors and Population Interventions /
Location Collaborators Disease/Condition Grouns Outcomes
Trial Identifier Study Status Age P
2009 process
Children's Hospital Complete: October
of Philadelphia 2012
NCT01478711
Conversational IT  Boston Medical Parents of children Behavioral: Safety Primary

for Better, Safer
Pediatric Primary
Care

Boston Medical

Center

Agency for
Healthcare
Research and
Quality (AHRQ)

will be enrolled in the
study if they meet a
set of eligibility
criteria which
includes:

Training
Behavioral:
Personal Health
Partner and
Counseling

e Personal Health Partner
(PHP) assessment with
electronic health record
(EHR) data exchange
before pediatric primary

Center Active, not ¢ A primary care care visits

recruiting patient at Boston Secondary
NCT01188629 Start: July 2007 Medical Center e Personal Health Partner

Complete: August ¢ An English (PHP) pre-visit

2011 speaking child and counseling with post-

parent visit reinforcement
e Ages Oto 11 years

EHR-Based HealthPartners ¢ Pediatric and Behavioral: Clinical e Follow up of an

Clinical Decision
Support to Improve
BP Management in
Adolescents

HealthPartners
Medical Group

NCT01760239

Institute for
Education and
Research
National Heart,
Lung, and Blood
Institute (NHLBI)
Recruiting

Start: April 2014
Complete: August
2017

family medicine
providers

e Ages 12 to 19
years

Decision Support

elevated blood pressure
within recommended
interval

e Recognition of
hypertension

e Appropriate workup for
those with hypertension

e Appropriate Lifestyle
Referral

¢ Costs of Care

Electronic Health
Record (EHR)
Decision Support
to Improve
Outpatient Asthma
Care

Children's Hospital
of Philadelphia

NCT00918944

Children's Hospital
of Philadelphia
Agency for
Healthcare
Research and
Quality (AHRQ)
Completed

Start: January 2006
Complete: August
2009

e Known patients
with asthma

Other: Control
(passive EHR)
Other: Intervention
(interactive decision
support system)

Primary

e Proportion of persistent
asthmatic patients with
at least one prescription
for a controller
medication in each
period (baseline and
intervention)

Secondary

e Proportion of persistent
asthmatic patients with
1)an updated asthma
action plan,
2)spirometry as needed
3)problem list with
current asthma severity
4)asthma-related
quality of life scores
5)absent school and
work days.

Evaluation of a

Shared Decision
Making Portal for
Pediatric Asthma

Children's Hospital
of Philadelphia

Children's Hospital
of Philadelphia
Active, not
recruiting

Start: November
2012

Complete:
November 2014

o Parents/legal
guardians of
children aged 6
to12 years with
persistent asthma,
currently receiving
chronic

Other: MyAsthma
Patient Portal

Primary

o Acceptability of the
intervention to parents
and clinicians

Secondary

e Shared decision making

e Parent Activation




Study Name Sponsors and Population Interventions /
Location Collaborators Disease/Condition Groups Outcomes
Trial Identifier Study Status Age

NCT01715389 maintenance e Goal Attainment
therapy, cared for ¢ Asthma-Related Quality
at a study of Life
practice, with e Asthma Control
consistent access e Asthma-related
to a computer with Utilization
an internet ¢ Asthma Medication
connection where Adherence/Receipt
they feel « Feasibility of
comfortable Recruitment
accessing « Feasibility of Follow-up
MyChart (patient « Feasibility of Portal Use
portal)

e Clinician at study

site

Giving Children's Hospital e All clinicians Behavioral: Family  Primary

Immunizations
Through Vaccine
Education

Children's Hospital
of Philadelphia

NCT01159093

of Philadelphia
Agency for
Healthcare
Research and
Quality (AHRQ)
Completed
Start: May 2010
Complete: May
2011

practicing at
participating sites

e Parents with an
eligible adolescent
girl

o Adolescent girls
aged 11 to 17
years

e Has a visit at one
of the primary care
centers within the
last 15 months

e Has not completed
the teen vaccine
series

Decision Support
(informational
vaccine reminder
telephone calls)
Behavioral: Clinician
Decision Support
(an EHR-based
decision support
mechanism including
reminders,
education, audit and
feedback on
vaccination success)
Other: Family
Decision Support
and Clinician
Decision Support
Other: Control

e Rate of HPV
vaccination among girls
actively cared for at
participating sites

Secondary

¢ Rates of meningococcal
and tetanus, diphtheria,
and pertussis vaccines
among girls in the study

Improving Otitis

Media Care With
Clinical Decision
Support (OMHIT)

Children's Hospital
of Philadelphia

NCTO00581711

Children's Hospital
of Philadelphia
(CHOP)

Agency for
Healthcare
Research and
Quality (AHRQ)
Completed
Start: December
2007

Complete:
September 2010

o All CHOP primary
care and ENT
practice sites with
patients receiving
care for otitis
media

e Ages 2 months to
18 years

Other: 3-Part
Intervention (A
combination of
training, an otitis
media episode
grouper, and clinical
decision support)
Other: 4-Part
Intervention

(A combination of
clinician training, an
otitis media episode
grouper, clinical
decision support, and
feedback)

Other: 1-part
intervention
(Provision of
feedback on otitis
media quality
indicators)

Primary

¢ Quality of otitis media
care

Secondary

e Clinician adoption of
intervention and
Resource Utilization




Study Name
Location
Trial Identifier

Sponsors and
Collaborators
Study Status

Population Interventions /
Disease/Condition
Groups
Age

Outcomes

Improving Pediatric Massachusetts o Partners-affiliated  Other: weight based e Impact on rates of
Safety and Quality =~ General Hospital pediatric practice ~ dosing decision medication errors
With Health Care Agency for providers utilizing  support
Information Healthcare Longitudinal
Technology Research and Medical Record

Quality (AHRQ) (LMR), which is an
Massachusetts Completed electronic health
General Start: March 2005 record system.
Hospital/Partners Complete: Also the parents of
HealthCare September 2008 the patients of the

above noted

NCT00134823 pediatric providers
Improving the American Academy e Children aged 5 Behavioral: Clinical  Primary
Medication of Pediatrics tol2 years decision support for e Improvement in
Management of University of diagnosed with medication titration symptoms, as
Patients With Colorado, Denver Attention-Deficit measured by the
Attention-Deficit QED Clinical, Inc. Hyperactivity parent-reported
Hyperactivity Children's Hospital Disorder (ADHD) Vanderbilt Assessment
Disorder of Philadelphia Scale

Enrolling by Secondary
American invitation « Side effects as reported
Academy of Start: January 2013 on the ADHD Vanderbilt
Pediatrics Complete: August Scale

2014
NCT01769300
Informing Policy to  Children's Hospital e Child has a Other: MyAsthma Primary
Implement of Philadelphia diagnosis of Web Portal e Use of the MyAsthma
Pediatric Family Agency for asthma on his/her Portal Survey
Engagement in Healthcare problem list Secondary

Meaningful Use
Stage 3 PROS
PeRC

NCT01966068

Research and
Quality (AHRQ)
American Academy
of Pediatrics
DARTNet Institute
Recruiting

Start: October 2013
Complete:
September 2014

e Ages 6 to 12 years

e Asthma management

Intervention to
Improve
Adherence in Teen
Kidney Transplant
Multiple sites

NCTO01356277

McGill University
Health Center
Children's Hospital
of Philadelphia
Children's Hospital
Medical Center,
Cincinnati

Seattle Children's
Hospital
Washington
University Early
Recognition Center
British Columbia
Children's Hospital
The Hospital for
Sick Children

St. Justine's
Hospital
Recruiting

e At least 3 months  Behavioral: Action-

post kidney focused problem-
transplant solving

e Ages 11 to 24 Device: Electronic
years pillbox monitoring,

dosage reminders,
and feedback

e Taking adherence

e Timing adherence

¢ Clinical outcomes

¢ Healthcare system
factors




Study Name
Location
Trial Identifier

Sponsors and
Collaborators
Study Status

Population

Disease/Condition

Age

Interventions /
Groups

Outcomes

Start: February
2012
Complete: June
2016

PECARN
Emergency Care
Registry

The Children’s
Hospital of
Colorado
Children’s National
Medical Center
Cincinnati
Children’s Hospital
Medical Center
Children's Hospital
of Philadelphia
Data Coordinating
Center

Children's Hospital
of Philadelphia
Agency for
Healthcare
Research and
Quality (AHRQ)
Recruiting

Start: January 2011
Complete: NR

All patients (0-18)
who registered in
the ED during
2011 and during a
24 month study
period between
2012 and 2015

All licensed
independent
practitioners in the
ED during 2011
and during a 24
month study
period between
2012 and 2015
Ages 18 years and
younger

NR

Improved performance
and decreased variability
(variation) of care

NCT01657344

Study of Harvard Pilgrim e Child's BMI Behavioral: Usual Primary

Technology to Health Care exceeds the 95th  Care e Change in screening
Accelerate Brigham and percentile forage  Behavioral: Clinician  and assessment of
Research Women's Hospital and sex (CDC intervention only childhood obesity at the

Harvard Vanguard
Medical Associates

NCTO01537510

Cambridge Health
Alliance

Harvard Vanguard
Medical Associates
Completed

Start: December
2010

Complete:
September 2013

criteria)

Parent can
respond to
interviews and
questionnaires in
English

Child has obtained
well-child care
from HVMA for at
least the previous
15 months

Ages 6 to 12 years

Behavioral: Clinician
intervention plus
Direct-to-parent
communication

point of care, including
BMI, blood pressure,
and laboratory
screening, and
provision of nutrition
and physical activity
counseling

Secondary
e Change in Body Mass

Index

e Change in Health

Behaviors

e Costs (including

clinician and family
time) and cost-
effectiveness in terms
of children's change in
BMI and weight-related
behaviors




Appendix G. Reasons for Exclusion

Exclusion

Code Exclusion Reason Count
X-1 Not youth 11
X-2 Does not address pediatric-specific functionality or feature of an EHR 147
X-3 Not a health care setting 40
X-4 Not specific to outpatient 53
X-5 Does not address a guiding question 53
X-6 Unavailable/ non-English 4
X-7 Duplicate 2

G-1



References with reason(s) for exclusion

1. Electronic medical record could save
millions. Hosp Case Manag 1999
Dec;7(12):211-2. PMID: 11184598. X-2

2. Use guidelines to prepare for children
with special needs, or risk tragedy. ED
Manag 2000 Aug;12(8):85-90, suppl 1-2.
PMID: 11186740. X-5

3. Immunization information system
progress--United States, 2003. MMWR
Morb Mortal Wkly Rep 2005 Jul
29;54(29):722-4. PMID: 16049421. X-5

4. Study: implementation of CPOE can
raise mortality. Healthcare Benchmarks
Qual Improv 2006 Feb;13(2):16-7. PMID:
16544556. X-2, X-4

5. Guideline on record-keeping. Pediatr
Dent 2008;30(7 Suppl):226-33. PMID:
19216426. X-2

6. Report urges development in Children's
Health IT. Biomed Instrum Technol 2009
Sep-Oct;43(5):350. PMID: 19842752, X-2

7. Computerized decision support for
pediatric meds--effectiveness uncertain.
Health Devices 2012 Dec;41(12):400-1.
PMID: 23444688. X-2

8. Abramson EL, Kaushal R. Computerized
provider order entry and patient safety.
Pediatr Clin North Am 2012
Dec;59(6):1247-55. PMID: 23116522. X-2

9. Adhikari PD, Parker LA, Binns HJ, et al.
Influence of electronic health records and in-
office weight management support resources
on childhood obesity care. Clin Pediatr
(Phila) 2012 Aug;51(8):788-92. PMID:
21576184. X-2

10. Aguila A, Valenzuela P. [Experience
with electronic files in a university
neonatology unit]. Rev Med Chil 2005
Feb;133(2):241-5. PMID: 15824836. X-5

11. Alvarado MM, Ntaimo L, Banerjee A,
et al. Reducing pediatric medication errors:
A survey and taxonomy. IIE Transactions on
Healthcare Systems Engineering 2012
April;2(2):142-55. PMID: 2013231330. X-2,
X-5

12. Amirthalingam G, White J, Ramsay M.
Measuring childhood vaccine coverage in
England: the role of Child Health
Information Systems. Euro Surveill
2012;17(16)PMID: 22551461. X-3

13. Anderson HJ. Avoiding ‘alert fatigue'.
Health Data Manag 2009 Oct;17(10):42.
PMID: 19845096. X-2

14. Andrews AL, Kazley AS, Basco WT,
Jr., et al. Lower Rates of EMR Use in Rural
Hospitals Represent a Previously
Unexplored Child Health Disparity. Hosp
Pediatr 2014 Jul;4(4):211-6. PMID:
24986989. X-5

15. Auber BA, Hamel G. Adoption of smart
cards in the medical sector: the Canadian
experience. Soc Sci Med 2001
Oct;53(7):879-94. PMID: 11522135. X-1

16. Bellazzi R, Riva A, Montani S, et al.
Application report: preliminary evaluation
of the T-IDDM project in Pavia. Stud Health
Technol Inform 1999;68:99-101. PMID:
10725043. X-2

17. Ben Said M, Robel L, Vion E, et al.
Implementation and experimentation of
TEDIS: an information system dedicated to
patients with pervasive developmental



disorders. Stud Health Technol Inform
2011;169:270-4. PMID: 21893755. X-4

18. Ben Said M, Robel L, Vion E, et al.
TEDIS: an information system dedicated to
patients with pervasive developmental
disorders. Stud Health Technol Inform
2010;160(Pt 1):198-202. PMID: 20841677.
X-5

19. Bennett WE, Jr., Hendrix KS,
Thompson RT, et al. The natural history of
weight percentile changes in the first year of
life. JAMA Pediatr 2014 Jul;168(7):681-2.
PMID: 24797161. X-2

20. Berry MD. Healthcare reform:
administrative rulemaking. Issue brief. Issue
Brief Health Policy Track Serv 2012 Dec
31:1-29. PMID: 23297441. X-2

21. Blond MH, Menguy C, Gold F, et al.
[Medical informatics (hospital information
systems) in neonatology: reality and
insufficiencies]. Arch Pediatr 2000
Nov;7(11):1212-9. PMID: 11109950. X-3,
X-4

22. Bourgeois FC, Linder J, Johnson SA, et
al. Impact of a computerized template on
antibiotic prescribing for acute respiratory
infections in children and adolescents. Clin
Pediatr (Phila) 2010 Oct;49(10):976-83.
PMID: 20724348. X-2

23. Brady TM, Neu AM, Miller ER, 3rd, et
al. Real-Time Electronic Medical Record
Alerts Increase High Blood Pressure
Recognition in Children. Clin Pediatr (Phila)
2014 Nov 20PMID: 25416626. X-2

24. Burridge AM, Wilson K, Terry D.
Support tools for paediatric inpatient
prescribers: A review. European Journal of
Hospital Pharmacy: Science and Practice

2014 April;21(2):113-7. PMID:
2014160690. X-4

25. Caldwell NA, Power B. The pros and
cons of electronic prescribing for children.
Arch Dis Child 2012 Feb;97(2):124-8.
PMID: 21685504. X-2

26. Call RJ, Burlison JD, Robertson JJ, et
al. Adverse Drug Event Detection in
Pediatric Oncology and Hematology
Patients: Using Medication Triggers to
Identify Patient Harm in a Specialized
Pediatric Patient Population. J Pediatr 2014
Apr 24PMID: 24768254. X-4

27. Canon SJ, Purifoy JA, Heulitt GM, et al.
Results: Survey of pediatric urology
electronic medical records-use and
perspectives. J Urol 2011 Oct;186(4
Suppl):1740-4. PMID: 21862073. X-3

28. Castellanos I, Rellensmann G, Scharf J,
et al. Computerized Physician Order Entry
(CPOE) in pediatric and neonatal intensive
care: Recommendations how to meet
clinical requirements. Appl Clin Inform
2012;3(1):64-79. PMID: 23616901. X-5

29. Cerda G, Zatzick D, Wise M, et al.
Computerized registry recording of
psychiatric disorders of pediatric patients
with burns. J Burn Care Rehabil 2000 Jul-
Aug;21(4):368-70; discussion 7. PMID:
10935820. X-2, X-4

30. Chen AR, Lehmann CU. Computerized
provider order entry in pediatric oncology:
design, implementation, and outcomes. J
Oncol Pract 2011 Jul;7(4):218-22. PMID:
22043183. X-2

31. Chern JJ, Macias CG, Jea A, et al.
Effectiveness of a clinical pathway for
patients with cerebrospinal fluid shunt



malfunction. J Neurosurg Pediatr 2010
Oct;6(4):318-24. PMID: 20887102. X-3

32. Chin TL. Assembling the records
puzzle. Health Data Manag 1999
Jan;7(1):36, 8-40. PMID: 10345794. X-2

33. Chiu SH, Fitzgerald KM. Electronic
medical/health record and pediatric
behavioral health providers: progress and
problems. Arch Psychiatr Nurs 2013
Apr;27(2):108-9. PMID: 23540522. X-2

34. Christensen M. [The use of electronic
medical records can contribute in diagnosing
a case of battered child]. Ugeskr Laeger
2013 Jan 28;175(5):284-5. PMID:
23369331. X-2

35. Coffey C, Wurster LA, Groner J, et al.
A Comparison of Paper Documentation to
Electronic Documentation for Trauma
Resuscitations at a Level | Pediatric Trauma
Center. J Emerg Nurs 2014 Jul 1PMID:
24996509. X-4

36. Coleman NE, Pon S. Quality:
performance improvement, teamwork,
information technology and protocols. Crit
Care Clin 2013 Apr;29(2):129-51. PMID:
23537668. X-3, X-4

37. Condren M, Studebaker 1J, John BM.
Prescribing errors in a pediatric clinic. Clin
Pediatr (Phila) 2010 Jan;49(1):49-53. PMID:
19643978. X-2

38. Cook JE. The HITECH Act and
electronic health records' limitation in
coordinating care for children with complex
chronic conditions. J Allied Health 2014
Summer;43(2):117-20. PMID: 24925039. X-
5 X-

39. Costa FF, Foly LS, Coutinho MP.
DataGenno: building a new tool to bridge

G-4

molecular and clinical genetics. Appl Clin
Genet 2011;4:45-54. PMID: 23776366. X-2

40. Costakos DT. Of lobsters, electronic
medical records, and neonatal total
parenteral nutrition. Pediatrics 2006
Feb;117(2):e328-32. PMID: 16452339. X-4

41. Cramer JG. 'We bought the wrong
EMR'. Med Econ 2010 Feb 5;87(3):28-30.
PMID: 20337171. X-2

42. Crossno CL, Cartwright JA, Hargrove
FR. Using CPOE to improve
communication, safety, and policy
compliance when ordering pediatric
chemotherapy. Hospital Pharmacy 2007
April;42(4):368-73. PMID: 2007199187. X-
4

43. Dattani N, Hardelid P, Davey J, et al.
Accessing electronic administrative health
data for research takes time. Arch Dis Child
2013 May;98(5):391-2. PMID: 23448863.
X-2

44. de Jose MlI, Jimenez de Ory S, Espiau
M, et al. A new tool for the paediatric HIV
research: general data from the Cohort of the
Spanish Paediatric HIVV Network
(CoRISpe). BMC Infect Dis 2013;13:2.
PMID: 23282073. X-2

45. Despotova-Toleva LD. A model of a
computer file for the intensive neonatal
practice "Neonatal Intensive Computer
File". Folia Med (Plovdiv) 1999;41(2):38-
43. PMID: 10534912. X-4

46. Dickens DS, Sinsabaugh D. Impact of
computerized prescriber order entry on the
incidence of adverse drug events in pediatric
inpatients. Pediatrics 2008 Sep;122(3):678;
author reply -9. PMID: 18762542, X-3, X-4



47. Disabato JA, Levisohn P, Hutton L, et
al. Improving transition to adult epilepsy
care: Facilitating team communication using
clinical decision support in the EMR.
Epilepsy Currents 2014 January-
February;14:151. PMID: 71433137. X-2

48. Downing GJ, Zuckerman AE, Coon C,
et al. Enhancing the quality and efficiency of
newborn screening programs through the
use of health information technology. Semin
Perinatol 2010 Apr;34(2):156-62. PMID:
20207265. X-5

49. Dryden EM, Hardin J, McDonald J, et
al. Provider perspectives on electronic
decision supports for obesity prevention.
Clin Pediatr (Phila) 2012 May;51(5):490-7.
PMID: 22330047. X-2

50. Duffy FH. Long latency evoked
potential database for clinical applications:
justification and examples. Clin EEG
Neurosci 2005 Apr;36(2):88-98. PMID:
15999904. X-2, X-3

51. Durand S, Rideau Batista Novais A,
Mesnage R, et al. Validation of nosocomial
infection in neonatology: A new method for
standardized surveillance. Am J Infect
Control 2014 Aug;42(8):861-4. PMID:
24930956. X-3, X-4

52. Ellis-Davies K, Sakkalou E, Fowler NC,
et al. CUE: the continuous unified electronic
diary method. Behav Res Methods 2012
Dec;44(4):1063-78. PMID: 22648694. X-2,
X-3

53. Ellsworth MA, Carey WA, Li M, et al.
Implementation of an electronic data
monitoring system decreases the rate of
hyperoxic episodes in premature neonates. J
Perinatol 2013 Sep;33(9):721-4. PMID:
23579491. X-5

G-5

54. Ewalt DH. Editorial comment. J Urol
2011 Oct;186(4 Suppl):1745; discussion
PMID: 21862077. X-2, X-5

55. Ferranti JM, Horvath MM, Jansen J, et
al. Using a computerized provider order
entry system to meet the unique prescribing
needs of children: description of an
advanced dosing model. BMC Med Inform
Decis Mak 2011;11:14. PMID: 21338518.
X-5X-4

56. Figge HL. E-prescribing and the impact
on medication dispensing errors. U.S 2012
July;Pharmacist. 37(7):31-3. PMID:
2012439730. X-2

57. Fiks AG, Grundmeier RW, Margolis B,
et al. Comparative effectiveness research
using the electronic medical record: an
emerging area of investigation in pediatric
primary care. J Pediatr 2012
May;160(5):719-24. PMID: 22364853. X-2

58. Fiks AG, Zhang P, Localio AR, et al.
Adoption of Electronic Medical Record-
Based Decision Support for Otitis Media in
Children. Health Serv Res 2014 Oct 6PMID:
25287670. X-2

59. Fine AM, Kalish LA, Forbes P, et al.
Parent-driven technology for decision
support in pediatric emergency care. Jt
Comm J Qual Patient Saf 2009
Jun;35(6):307-15. PMID: 19565690. X-3, X-
4

60. Finkel E. Caring for kids, with
technology by their side. Children's
Medical's Durovich sees IT as tool to 'help
us do what we do better'. Mod Healthc 2011
Jun 13;41(24):25-6. PMID: 21714400. X-2

61. Finnell SM, Stanton JL, Downs SM.
Actionable recommendations in the Bright
Futures child health supervision guidelines.



Appl Clin Inform 2014;5(3):651-9. PMID:
25298806. X-7

62. Ford-Jones A. Practice Tips.
Immunization tracker for primary care
physicians. Can Fam Physician 1999
Dec;45:2875-6. PMID: 10626053. X-2

63. Forrest CB, Fiks AG, Bailey LC, et al.
Improving adherence to otitis media
guidelines with clinical decision support and
physician feedback. Pediatrics 2013
Apr;131(4):e1071-81. PMID: 23478860. X-
2

64. Frankovich J, Longhurst CA,
Sutherland SM. Evidence-based medicine in
the EMR era. N Engl J Med 2011 Nov
10;365(19):1758-9. PMID: 22047518. X-2,
X-5

65. Frenn KA, Hendrickson M, Kharbanda
AB. Reducing pediatric CT usage through
web-based education. Radiol Manage 2014
May-Jun;36(3):12-6; quiz 7-8. PMID:
25004681. X-2

66. Frize M, Catley C, Walker CR, et al.
Towards a web services infrastructure for
perinatal, obstetrical, and neonatal clinical
decision support. Conf Proc IEEE Eng Med
Biol Soc 2004;5:3334-7. PMID: 17270996.
X-2, X-3, X-4

67. Giannone G. Computer-supported
weight-based drug infusion concentrations
in the neonatal intensive care unit. Comput
Inform Nurs 2005 Mar-Apr;23(2):100-5.
PMID: 15772511. X-4

68. Ginsberg HG. Since Katrina: neonatal
and pediatric issues from both sides of the
levee. Pediatrics 2011 Aug;128 Suppl
1:S15-7. PMID: 21807705. X-2

G-6

69. Ginsburg G. Medical genomics: Gather
and use genetic data in health care. Nature
2014 Apr 24;508(7497):451-3. PMID:
24765668. X-2

70. Glasper EA, Holmes CW, Brown KL, et
al. Shared records: towards collaborative
working with families. Paediatr Nurs 2006
Feb;18(1):34-7. PMID: 16518952. X-5 X-

71. Goedert J. A real shot in the arm. Health
Data Manag 2000 Feb;8(2):34, 6, 8. PMID:
11183663. X-2

72. Gold J, Reyes-Gastelum D, Turner J, et
al. A quality improvement study using
fishbone analysis and an electronic medical
records intervention to improve care for
children with asthma. Am J Med Qual 2014
Jan-Feb;29(1):70-7. PMID: 23574643. X-2

73. Gonzalez-Heydrich J, DeMaso DR,
Irwin C, et al. Implementation of an
electronic medical record system in a
pediatric psychopharmacology program. Int
J Med Inform 2000 Jul;57(2-3):109-16.
PMID: 10961567. X-3, X-4

74. Grech V. The impact of information
technology on pediatric cardiology: present,
past, and future. Pediatr Cardiol 2000 Jul-
Aug;21(4):324-7. PMID: 10865006. X-2, X-
3

75. Greenwood JL, Narus SP, Leiser J, et al.
Measuring body mass index according to
protocol: how are height and weight
obtained? J Healthc Qual 2011 May-
Jun;33(3):28-36. PMID: 22414017. X-1, X-2

76. Grigull L, Betzel C, Schumacher U, et
al. Should paediatricians use a computer to
receive diagnostic support?. [German].
Padiatrische Praxis 2012
December;79(4):545-55. PMID:
2012749639. X-2, X-6



77. Grigull L, Lechner WM. Supporting
diagnostic decisions using hybrid and
complementary data mining applications: a
pilot study in the pediatric emergency
department. Pediatr Res 2012
Jun;71(6):725-31. PMID: 22441377. X-5

78. Grisso AG, Wright L, Hargrove FR.
The Pharmacist's Role in CPOE: A Pediatric
Perspective. Hospital Pharmacy 2003
November;38(11):1086-9+104. PMID:
2003473077. X-6

79. Guilday P. The student health
collaboration: an innovative approach to
enhancing communication and improving
student health. NASN Sch Nurse 2014
Sep;29(5):244-7. PMID: 25272411. X-3, X-
4

80. Hadley AM. Progress towards the
clinical workstation at the New Children's
Hospital. Health Inf Manag 1999 Mar-
May;29(1):42-3. PMID: 10977172. X-2

81. Hagland M. CPOE and patient safety.
Healthc Inform 2011 Jun;28(6):76-8. PMID:
21736218. X-2

82. Hanauer DA, Zheng K. Detecting
workflow changes after a CPOE
implementation: a sequential pattern
analysis approach. AMIA Annu Symp Proc
2008:963. PMID: 18999105. X-4

83. Hazelzet JA. Computerized physician
order entry: friend or foe? Pediatr Crit Care
Med 2007 May;8(3):304-5. PMID:
17496521. X-2

84. Hedden EM, Jessop AB, Field RI.
Childhood immunization information
system exchange with payers: State and
federal policies. Journal of Managed Care

G-7

Medicine 2012;15(3):11-8. PMID:
2012660185. X-2, X-5

85. Hicken VN, Thornton SN, Rocha RA.
Integration challenges of clinical
information systems developed without a
shared data dictionary. Stud Health Technol
Inform 2004;107(Pt 2):1053-7. PMID:
15360973. X-5

86. Hing E, Hsiao CJ. State variability in
supply of office-based primary care
providers: United States, 2012. NCHS Data
Brief 2014 May(151):1-8. PMID: 24813076.
X-2

87. Hinman AR, Eichwald J, Linzer D, et
al. Integrating child health information
systems. Am J Public Health 2005
Nov;95(11):1923-7. PMID: 16195524. X-2

88. Hinman AR, Saarlas KN, Ross DA. A
vision for child health information systems:
developing child health information systems
to meet medical care and public health
needs. J Public Health Manag Pract 2004
Nov;Suppl:S91-8. PMID: 15643366. X-5 X-

89. Holmes M. Andrew Szende and the
development of the electronic Child Health
Network (eCHN). Healthc Q 2010;13(3):26-
9. PMID: 20523148. X-2, X-5

90. Hoyle T, Swanson R. Assessing what
child health information systems should be
integrated: the Michigan experience. J
Public Health Manag Pract 2004
Nov;Suppl:S66-71. PMID: 15643362. X-2

91. Huff C. Hospital to test if EMR, other
innovations boost care for Medicaid kids.
Cook Children's opens a new clinic to 'learn
what works and what doesn't'. Hosp Health
Netw 2009 Oct;83(10):17. PMID:
19967812. X-2



92. Issenman RM, Jaffer IH. Use of voice
recognition software in an outpatient
pediatric specialty practice. Pediatrics 2004
Sep;114(3):e290-3. PMID: 15342888. X-2

93. Jackson G. Child abuse: a computerised
register 40 years after it was proposed. Int J
Clin Pract 2013 Mar;67(3):191-2. PMID:
23409684. X-2

94. Jacobs B. Hardly child's play:
implementing a pediatric-specific, integrated
CPOE system. Midwest pediatric hospital
tackles all the hurdles--needs assessment,
clinician buy-in, training and measuring
results--as it strengthens its patient safety
efforts with wireless CPOE. Health Manag
Technol 2004 Aug;25(8):30-2. PMID:
15328958. X-5

95. Jacobs BR, Hart KW, Rucker DW.
Reduction in Clinical Variance Using
Targeted Design Changes in Computerized
Provider Order Entry (CPOE) Order Sets:
Impact on Hospitalized Children with Acute
Asthma Exacerbation. Appl Clin Inform
2012;3(1):52-63. PMID: 23616900. X-5

96. Jacobs JP, Maruszewski B,
Tchervenkov ClI, et al. The current status
and future directions of efforts to create a
global database for the outcomes of therapy
for congenital heart disease. Cardiol Young
2005 Feb;15 Suppl 1:190-7. PMID:
15934716. X-2, X-4

97. Jaspers MW, Steen T, van den Bos C, et
al. The think aloud method: a guide to user
interface design. Int J Med Inform 2004
Nov;73(11-12):781-95. PMID: 15491929.
X-2, X-5

98. Jenders RA, Dasgupta B, Mercedes D,
et al. Use of a hospital practice management
system to provide initial data for a pediatric

G-8

immunization registry. Proc AMIA Symp
1999:286-90. PMID: 10566366. X-5

99. Johnson KE, Beaton SJ, Andrade SE, et
al. Methods of linking mothers and infants
using health plan data for studies of
pregnancy outcomes. Pharmacoepidemiol
Drug Saf 2013 Jul;22(7):776-82. PMID:
23596095. X-5

100. Johnson KH, Guthrie S. Harnessing
the power of student health data: Selecting,
using, and implementing electronic school
health documentation systems. NASN Sch
Nurse 2012 Jan;27(1):26-33. PMID:
22720477, X-2, X-3

101. Jones JL. Implementing computerized
prescriber order entry in a children's
hospital. Am J Health Syst Pharm 2004 Nov
15;61(22):2425-9. PMID: 15581267. X-2

102. Kalra D, Fernando B. Approaches to
enhancing the validity of coded data in
electronic medical records. Prim Care Respir
J 2011 Mar;20(1):4-5. PMID: 21060979. X-
2

103. Kaushal R, Barker KN, Bates DW.
How can information technology improve
patient safety and reduce medication errors
in children’s health care? Arch Pediatr
Adolesc Med 2001 Sep;155(9):1002-7.
PMID: 11529801. X-2

104. Kelleher KJ, Horwitz SM. Quality of
mental health care for children: a familiar
storyline. Med Care 2006 Dec;44(12):1061-
3. PMID: 17122708. X-2

105. Kelly B. A records system for kids.
Health Data Manag 2002 May;10(5):30-2, 4.
PMID: 12017101. X-2

106. Kemper AR, Uren RL, Clark SJ.
Adoption of electronic health records in
primary care pediatric practices. Pediatrics



2006 Jul;118(1):e20-4. PMID: 16818534. X-
5 X-

107. Kern LM, Barron Y, Dhopeshwarkar
RV, et al. Electronic health records and
ambulatory quality of care. J Gen Intern
Med 2013 Apr;28(4):496-503. PMID:
23054927, X-2

108. Kim GR, Lehmann CU. Pediatric
aspects of inpatient health information
technology systems. Pediatrics 2008
Dec;122(6):€1287-96. PMID: 19047228. X-
3, X-4

109. Kim GR, Miller MR, Ardolino MA, et
al. Capture and classification of problems
during CPOE deployment in an academic
pediatric center. AMIA Annu Symp Proc
2007:414-7. PMID: 18693869. X-2

110. Klass P. Disconnected. N Engl J Med
2010 Apr 15;362(15):1358-61. PMID:
20393174. X-2

111. Knaup P, Wiedemann T, Wolff A, et
al. [Computer-assisted documentation and
therapy planning in pediatric oncology--
introduction of a nationwide solution]. Klin
Padiatr 1999 Jul-Aug;211(4):189-91. PMID:
10472547. X-3

112. Kramer T, lliffe S, Bye A, et al.
Testing the feasibility of therapeutic
identification of depression in young people
in British general practice. J Adolesc Health
2013 May;52(5):539-45. PMID: 23608718.
X-2, X-3

113. Lazou K, Farini M, Koutkias V, et al.
Adverse drug event prevention in neonatal
care: a rule-based approach. Stud Health
Technol Inform 2013;186:170-4. PMID:
23542991. X-3

G-9

114. Lee EK, Mejia AF, Senior T, et al.
Improving Patient Safety through Medical
Alert Management: An Automated Decision
Tool to Reduce Alert Fatigue. AMIA Annu
Symp Proc 2010;2010:417-21. PMID:
21347012. X-2

115. Lemon V, Stockwell DC. Automated
detection of adverse events in children.
Pediatr Clin North Am 2012
Dec;59(6):1269-78. PMID: 23116524, X-2

116. Lenclen R. [Computerized physician
order entry softwares for pediatric units].
Arch Pediatr 2005 Jun;12(6):918-20. PMID:
15904850. X-4

117. Leu MG, O'Connor KG, Marshall R, et
al. Pediatricians' use of health information
technology: a national survey. Pediatrics
2012 Dec;130(6):e1441-6. PMID:
23166335. X-2

118. Levenson D. NIH to include children's
genomic data in electronic medical records.

Am J Med Genet A 2011 Nov;155a(11):ix-

X. PMID: 22021228. X-3, X-4

119. Li Q, Melton K, Lingren T, et al.
Phenotyping for patient safety: algorithm
development for electronic health record
based automated adverse event and medical
error detection in neonatal intensive care. J
Am Med Inform Assoc 2014 Jan 8PMID:
24401171, X-3, X-4

120. Lillis K. Automated dosing.
Computerized physician order entry reduces
risk of medication and dosing errors in
neonatal ICU. Health Manag Technol 2003
Nov;24(11):36-7. PMID: 14608711. X-4

121. Lin M, Brooks TN, Miller AC, et al.
English-based pediatric emergency medicine
software improves physician test
performance on common pediatric



emergencies: A multicenter study in
Vietnam. Western Journal of Emergency
Medicine 2013;14(5):471-6. PMID:
2013748353. X-2

122. Lipton J, Hazelzet JA. Clinical
decision support systems: Important tools
when appropriately used. Pediatr Crit Care
Med 2009 Jan;10(1):128-9. PMID:
19131870. X-4

123. List BA, Ballard JL, Langworthy KS,
et al. Electronic health records in an
outpatient breastfeeding medicine clinic. J
Hum Lact 2008 Feb;24(1):58-68. PMID:
18281357. X-2

124. Litvin CB, Ornstein SM, Wessell AM,
et al. Use of an electronic health record
clinical decision support tool to improve
antibiotic prescribing for acute respiratory
infections: the ABX-TRIP study. J Gen
Intern Med 2013 Jun;28(6):810-6. PMID:
23117955. X-1

125. Livon D, Abaziou JM, Franceschini
JC, et al. The electronic health record of the
child, a natural evolution. [French]. Journal
de Pediatrie et de Puericulture 2005
August;18(5):224-7. PMID: 2005363478. X-
2, X-5

126. Livon D, Abaziou JM, Franceschini
JC, et al. Electronic health record of
children, a natural evolution. [French].
Actualites Pharmaceutiques 2006
January(448):10-1. PMID: 2006049302. X-6

127. Locke R, Stefano M, Koster A, et al.
Optimizing patient/caregiver satisfaction
through quality of communication in the
pediatric emergency department. Pediatr
Emerg Care 2011 Nov;27(11):1016-21.
PMID: 22068060. X-3, X-4

G-10

128. Lomotan EA, Hoeksema LJ, Edmonds
DE, et al. Evaluating the use of a
computerized clinical decision support
system for asthma by pediatric
pulmonologists. Int J Med Inform 2012
Mar;81(3):157-65. PMID: 22204897. X-3

129. Longhurst C, Sharek P, Hahn J, et al.
Perceived increase in mortality after process
and policy changes implemented with
computerized physician order entry.
Pediatrics 2006 Apr;117(4):1450-1; author
reply 5-6. PMID: 16585351. X-4

130. Longhurst C, Turner S, Burgos AE.
Development of a Web-based decision
support tool to increase use of neonatal
hyperbilirubinemia guidelines. Jt Comm J
Qual Patient Saf 2009 May;35(5):256-62.
PMID: 19480378. X-3

131. Lu M, Ownby DR, Zoratti E, et al.
Improving efficiency and reducing costs:
Design of an adaptive, seamless, and
enriched pragmatic efficacy trial of an
online asthma management program.
Contemp Clin Trials 2014 May;38(1):19-27.
PMID: 24607295. X-5 X-

132. Lykowski G, Mahoney D.
Computerized provider order entry improves
workflow and outcomes. Nurs Manage 2004
Feb;35(2):40g-h. PMID: 14767222. X-4

133. Matheson A, Diaz A. Getting the
record straight: the story of one NACCHO
demonstration site's efforts to improve child
health. J Public Health Manag Pract 2009
Nov-Dec;15(6):535-7. PMID: 19823160. X-
2

134. Maughan ED, Johnson KH, Bergren
MD, et al. Standardized data set for school
health services: Part 1--getting to big data.
NASN Sch Nurse 2014 Jul;29(4):182-6.
PMID: 25141454, X-3, X-4



135. Mayne SL, duRivage NE, Feemster
KA, et al. Effect of decision support on
missed opportunities for human
papillomavirus vaccination. Am J Prev Med
2014 Dec;47(6):734-44. PMID: 25455116.
X-2

136. Mazars N, Milesi C, Carbajal R, et al.
Implementation of a neonatal pain
management module in the computerized
physician order entry system. Ann Intensive
Care 2012;2(1):38. PMID: 22913821. X-5

137. McCartney PR. Using technology to
promote perinatal patient safety. J Obstet
Gynecol Neonatal Nurs 2006 May-

Jun;35(3):424-31. PMID: 16700694. X-4

138. McKenna C, Gaines B, Hatfield C, et
al. Implementation of a screening, brief
intervention, and referral to treatment
program using the electronic medical record
in a pediatric trauma center. J Trauma Nurs
2013 Jan-Mar;20(1):16-23. PMID:
23459427. X-3, X-4

139. Menachemi N, Brooks RG,
Schwalenstocker E, et al. Use of health
information technology by children's
hospitals in the United States. Pediatrics
2009 Jan;123 Suppl 2:580-4. PMID:
19088234. X-5

140. Mendola P, Mannisto TI, Leishear K,
et al. Neonatal health of infants born to
mothers with asthma. J Allergy Clin
Immunol 2014 Jan;133(1):85-90.e1-4.
PMID: 23916153. X-2

141. Merrill J, Phillips A, Keeling J, et al.
Effects of automated immunization registry
reporting via an electronic health record
deployed in community practice settings.
Appl Clin Inform 2013;4(2):267-75. PMID:
23874363. X-1, X-2, X-5

G-11

142. Milani S, Buckler JM, Kelnar CJ, et al.
The use of local reference growth charts for
clinical use or a universal standard: a
balanced appraisal. J Endocrinol Invest 2012
Feb;35(2):224-6. PMID: 22490992. X-2

143. Miller PL, Frawley SJ, Sayward FG.
Exploring three approaches for handling
incomplete patient histories in a computer-
based guideline for childhood immunization.
Proc AMIA Symp 1999:878-82. PMID:
10566486. X-5 X-5

144. Mitchell L. Connecting for children's
health. Paediatr Nurs 2005 Jul;17(6):24-5.
PMID: 16045001. X-2

145. Mohr T. The second time around.
Health Manag Technol 2008 Sep;29(9):22,
4-5. PMID: 18795739. X-2

146. Moll HA. Clinical decision support
systems in pediatrics: What are we waiting
for?. [Dutch]. Tijdschrift voor
Kindergeneeskunde 2007 April;75(2):52-6.
PMID: 2007227677. X-5

147. Monteagudo-Piqueras O, Marin-Lopez
J, Barragan Perez AJ, et al. [The quality of
diagnostic coding: a training need in primary
care]. Aten Primaria 2013 May;45(5):282.
PMID: 23433704. X-2

148. Nakamura MM, Harper MB, Jha AK.
Change in adoption of electronic health
records by US children's hospitals.
Pediatrics 2013 May;131(5):e1563-75.
PMID: 23589808. X-2, X-3, X-4

149. Nielsen BA, Baum RA, Soares NS.
Navigating ethical issues with electronic
health records in developmental-behavioral
pediatric practice. J Dev Behav Pediatr 2013
Jan;34(1):45-51. PMID: 23275058. X-2, X-5



150. Nigrin DJ. When 'hacktivists' target
your hospital. N Engl J Med 2014 Jul
31;371(5):393-5. PMID: 25075830. X-2

151. O'Connor AC, Kennedy ED, Loomis
RJ, et al. Prospective cost-benefit analysis of
a two-dimensional barcode for vaccine
production, clinical documentation, and
public health reporting and tracking.
Vaccine 2013 Jun 28;31(31):3179-86.
PMID: 23664988. X-2

152. Ostrowska-Nawarycz L, Nawarycz T,
Derlecki S, et al. [Application of computer
base standards to pediatrics practice]. Pol
Merkur Lekarski 2000 Sep;9 Suppl 1:46-8.
PMID: 11081346. X-2

153. Otero P. [Advantages and risks
associated with the use of electronic medical
records]. Arch Argent Pediatr 2011
Dec;109(6):476-7. PMID: 22231883. X-2

154. Paciorkowski N, Pruitt C, Lashly D, et
al. Development of performance tracking for
a pediatric hospitalist division. Hosp Pediatr
2013 Apr;3(2):118-28. PMID: 24340412. X-
5

155. Pageler NM, Longhurst CA, Wood M,
et al. Use of electronic medical record-
enhanced checklist and electronic dashboard
to decrease CLABSIs. Pediatrics 2014
Mar;133(3):e738-46. PMID: 24567021. X-4

156. Palma JP, Van Eaton EG, Longhurst
CA. Neonatal Informatics: Information
Technology to Support Handoffs in
Neonatal Care. Neoreviews
2011;2011(12)PMID: 22199463. X-3, X-4

157. Paperny DM. Computers and
information technology: implications for the
21st century. Adolesc Med 2000
Feb;11(1):183-202. PMID: 10640346. X-2

G-12

158. Pasek TA, Lefcakis LA, O'Malley CK,
et al. Power in documentation: an eProgress
note for APNSs. Crit Care Nurse 2009
Jun;29(3):104, 2-3. PMID: 19487786. X-2

159. Patel SJ, Longhurst CA, Lin A, et al.
Integrating the home management plan of
care for children with asthma into an
electronic medical record. Jt Comm J Qual
Patient Saf 2012 Aug;38(8):359-65. PMID:
22946253. X-5 X-

160. Patel VN, Abramson E, Edwards AM,
et al. Consumer attitudes toward personal
health records in a beacon community. AmJ
Manag Care 2011 Apr;17(4):e104-20.
PMID: 21774099. X-2, X-3

161. Patwardhan A, Kelleher K,
Cunningham D, et al. Improving the
influenza vaccination rate in patients visiting
pediatric rheumatology clinics using
automatic best practice alert in electronic
patient records. Pediatric Rheumatology
2012 13 Jul;10PMID: 70982721. X-7

162. Pergami P, Thayapararajah SW,
Seemaladinne N. West Virginia University
Pediatric Stroke Registry: Clinical
Description and Risk Factors Identification
in Patients From a Rural Area. Clin Pediatr
(Phila) 2014 Jul 20PMID: 25049311. X-2

163. Peverini RL, Beach DS, Wan KW, et
al. Graphical user interface for a neonatal
parenteral nutrition decision support system.
Proc AMIA Symp 2000:650-4. PMID:
11079964. X-4, X-5

164. Pevnick JM, Asch SM, Adams JL, et
al. Adoption and use of stand-alone
electronic prescribing in a health plan-
sponsored initiative. Am J Manag Care 2010
Mar;16(3):182-9. PMID: 20225913. X-1, X-
2



165. Phillips RS. Accessing electronic
information for clinical decisions. Arch Dis
Child 2000 Nov;83(5):373-4. PMID:
11040137. X-2

166. Pittman M. Loophole in alert system.
Emerg Nurse 2013 Mar;20(10):10;
discussion PMID: 23586165. X-2

167. Porcelli PJ, Rosenbloom ST.
Evaluation of a neonatal growth curve
designed for an electronic health record.
AMIA Annu Symp Proc 2006:1066. PMID:
17238685. X-2

168. Porter SC, Forbes P, Manzi S, et al.
Patients providing the answers: narrowing
the gap in data quality for emergency care.
Qual Saf Health Care 2010 Oct;19(5):e34.
PMID: 20511242. X-5 X-

169. Potera C. A collaborative effort
connects Delaware health system with local
school nurses. Am J Nurs 2014
Sep;114(9):17. PMID: 25166233. X-2

170. Potts AL, Barr FE, Gregory DF, et al.
Computerized physician order entry and
medication errors in a pediatric critical care
unit. Pediatrics 2004 Jan;113(1 Pt 1):59-63.
PMID: 14702449. X-2, X-3

171. Pretorius E, Cronje ML, Strydom O.
Development of a pediatric cardiac
computer aided auscultation decision
support system. Conf Proc IEEE Eng Med
Biol Soc 2010;2010:6078-82. PMID:
21097128. X-2

172. Pyles LA, Hines C, Patock M, et al.
Development of a web-based database to
manage American College of Emergency
Physicians/American Academy of Pediatrics
Emergency Information Forms. Acad Emerg
Med 2005 Mar;12(3):257-61. PMID:
15741591. X-5 X-

173. Ramnarayan P, Britto J. Paediatric
clinical decision support systems. Arch Dis
Child 2002 Nov;87(5):361-2. PMID:
12390900. X-2

174. Rappaport DI, Collins B, Koster A, et
al. Implementing medication reconciliation
in outpatient pediatrics. Pediatrics 2011

Dec;128(6):€1600-7. PMID: 22123872. X-2

175. Rattay KT, Ramakrishnan M,
Atkinson A, et al. Use of an electronic
medical record system to support primary
care recommendations to prevent, identify,
and manage childhood obesity. Pediatrics
2009 Jan;123 Suppl 2:S100-7. PMID:
19088224. X-2

176. Reckmann MH, Westbrook JI, Koh Y,
et al. Does computerized provider order
entry reduce prescribing errors for hospital
inpatients? A systematic review. J Am Med
Inform Assoc 2009 Sep-Oct;16(5):613-23.
PMID: 19567798. X-3, X-4

177. Rinke ML, Mikat-Stevens N, Saul R,
et al. Genetic services and attitudes in
primary care pediatrics. Am J Med Genet A
2014 Feb;164a(2):449-55. PMID:
24254914, X-5

178. Rocca MA, Rosenbloom ST, Spooner
A, et al. Development of a domain model for
the pediatric growth charting process by
mapping to the HL7 Reference Information
Model. AMIA Annu Symp Proc 2006:1077.
PMID: 17238696. X-2

179. Roehrer E, Cummings E, Turner P, et
al. Supporting cystic fibrosis with ICT. Stud
Health Technol Inform 2013;183:137-41.
PMID: 23388270. X-2

180. Rudd S, Gemelas J, Reilley B, et al.
Integrating clinical decision support to



increase HIV and chlamydia screening. Prev
Med 2013 Dec;57(6):908-9. PMID:
24120454, X-2

181. Sainz de la Maza M, Molina N,
Gonzalez-Gonzalez LA, et al. Clinical
characteristics of a large cohort of patients
with scleritis and episcleritis.
Ophthalmology 2012 Jan;119(1):43-50.
PMID: 21963265. X-1, X-2

182. Schau CJ, Rokaw N. A path to medical
excellence: steps to improve quality at
Asheville Medicine and Pediatrics. N C Med
J 2014 May-Jun;75(3):184-5. PMID:
24830491. X-2

183. Schneck LH. Efficient, enterprising,
electronic. Pediatric group stays current with
technology. MGMA Connex 2009 Nov-
Dec;9(10):29-30. PMID: 20058495. X-2

184. Schulman J. NICU Notes: A Palm OS
and Windows database software product and
process to facilitate patient care in the
newborn intensive care unit. AMIA Annu
Symp Proc 2003:999. PMID: 14728502. X-2

185. Senior T. Paper to EMR: A successful
transition. Health Manag Technol 2006
Oct;27(10):40, 2, 5. PMID: 17052104. X-2

186. Shaikh U, Nettiksimmons J, Bell RA,
et al. Accuracy of parental report and
electronic health record documentation as
measures of diet and physical activity
counseling. Acad Pediatr 2012 Mar-
Apr;12(2):81-7. PMID: 22209035. X-5

187. Sharifi M, Adams WG, Winickoff JP,
et al. Enhancing the electronic health record
to increase counseling and quit-line referral
for parents who smoke. Acad Pediatr 2014
Sep-Oct;14(5):478-84. PMID: 25169159. X-
2, X-5

G-14

188. Shiffman RN, Brandt CA, Liaw Y, et
al. A design model for computer-based
guideline implementation based on
information management services. J Am
Med Inform Assoc 1999 Mar-Apr;6(2):99-
103. PMID: 10094062. X-5 X-

189. Shiffman RN, Liaw Y, Navedo DD, et
al. User satisfaction and frustration with a
handheld, pen-based guideline
implementation system for asthma. Proc
AMIA Symp 1999:940-4. PMID: 10566499.
X-2

190. Sigel E, Harpin SB, Tung G.
Increasing Documentation and Referral for
Youth at Risk for Violence Through the
Primary Health Care Setting. Clin Pediatr
(Phila) 2014 Oct 9PMID: 25305258. X-2

191. Simpson KR. Perinatal acuity tool.
MCN Am J Matern Child Nurs 2013 May-
Jun;38(3):191. PMID: 23625111. X-1, X-2,
X-3, X-4

192. Simpson LA. The adolescence of child
health services research. JAMA Pediatr
2013 Jun;167(6):509-10. PMID: 23588790.
X-2

193. Sinha M, Khor KN, Amresh A, et al.
The use of a kiosk-model bilingual self-
triage system in the pediatric emergency
department. Pediatr Emerg Care 2014
Jan:30(1):63-8. PMID: 24378865. X-5 X-

194. Sittig DF, Ash JS, Zhang J, et al.
Lessons from "Unexpected increased
mortality after implementation of a
commercially sold computerized physician
order entry system". Pediatrics 2006
Aug;118(2):797-801. PMID: 16882838. X-
3, X-4

195. Sloane EB. Using a decision support
system tool for healthcare technology



assessments. IEEE Eng Med Biol Mag 2004
May-Jun;23(3):42-55. PMID: 15354994. X-
2

196. Smith SD. Cyber safety net. Minn Med
2008 Nov;91(11):20-1. PMID: 19108539.
X-2

197. Soderberg LM. Designing and creating
a central venous catheter database and
electronic charting system. J Intraven Nurs
2001 May-Jun;24(3):159-68. PMID:
11530361. X-2

198. Soler D, Baldacchino D, Amato-Gauci
A. Pilot of a Child Health Electronic
Surveillance System (CHESS) in Malta.
Journal of Public Health 2007
June;15(3):199-209. PMID: 2007282859. X-
2

199. Spellman Kennebeck S, Timm N,
Farrell MK, et al. Impact of electronic health
record implementation on patient flow
metrics in a pediatric emergency
department. J Am Med Inform Assoc 2012
May-Jun;19(3):443-7. PMID: 22052897. X-
3, X-4

200. Spooner SA. We are still waiting for
fully supportive electronic health records in
pediatrics. Pediatrics 2012
Dec;130(6):€1674-6. PMID: 23166347. X-5
X-

201. Starmer AJ, Duby JC, Slaw KM, et al.
Pediatrics in the year 2020 and beyond:
preparing for plausible futures. Pediatrics
2010 Nov;126(5):971-81. PMID: 20956424.
X-2, X-5

202. Sterling S, Kline-Simon AH,
Wibbelsman C, et al. Screening for
adolescent alcohol and drug use in pediatric
health-care settings: predictors and
implications for practice and policy. Addict

G-15

Sci Clin Pract 2012;7:13. PMID: 23186254.
X-2

203. Stockwell DC, Bisarya H, Classen DC,
et al. Development of an Electronic
Pediatric All-Cause Harm Measurement
Tool Using a Modified Delphi Method. J
Patient Saf 2014 Aug 26PMID: 25162206.
X-2, X-5

204. Stockwell DC, Kirkendall E, Muething
SE, et al. Automated adverse event detection
collaborative: electronic adverse event
identification, classification, and corrective
actions across academic pediatric
institutions. J Patient Saf 2013
Dec;9(4):203-10. PMID: 24257063. X-4

205. Stuart K. You can't get there from
here: misplaced incentives can undermine
the goals of health care reform in the NICU
setting. J Perinatol 2012 Aug;32(8):570-3.
PMID: 22842801. X-5 X-

206. Stultz JS, Porter K, Nahata MC.
Sensitivity and specificity of dosing alerts
for dosing errors among hospitalized
pediatric patients. J Am Med Inform Assoc
2014 Oct;21(e2):€219-25. PMID: 24496386.
X-2

207. Subramanyan GS, Yokoe DS,
Sharnprapai S, et al. An algorithm to match
registries with minimal disclosure of
individual identities. Public Health Rep
1999 Jan-Feb;114(1):91-3. PMID: 9925178.
X-2

208. Szende A. Ontario's province-wide
paediatric electronic health record. Stud
Health Technol Inform 2009;143:99-103.
PMID: 19380922. X-2

209. Szynal D. Continuity of kids' care.
Health Data Manag 2001 Apr;9(4):22-4, 6.
PMID: 11310339. X-2, X-5



210. Taghon T, Elsey N, Miler V, etal. A
medication-based trigger tool to identify
adverse events in pediatric anesthesiology. Jt
Comm J Qual Patient Saf 2014
Jul;40(7):326-34. PMID: 25130016. X-2

211. Talmi A, Bunik M, Asherin R, et al.
Improving developmental screening
documentation and referral completion.
Pediatrics 2014 Oct;134(4):e1181-8. PMID:
25180272. X-2

212. Tan K, Dear PR, Newell SJ. Clinical
decision support systems for neonatal care.
Cochrane Database Syst Rev
2005(2):Cd004211. PMID: 15846701. X-3,
X-4

213. Tarrago R, Nowak JE, Leonard CS, et
al. Reductions in invasive device use and
care costs after institution of a daily safety
checklist in a pediatric critical care unit. Jt
Comm J Qual Patient Saf 2014
Jun;40(6):270-8. PMID: 25016675. X-3, X-4

214. Telleen S. Developing a state
outcomes monitoring system in public
health maternal and child health. J Med Syst
1999 Jun;23(3):227-38. PMID: 10554738.
X-2

215. Toll E. A piece of my mind. The cost
of technology. Jama 2012 Jun
20;307(23):2497-8. PMID: 22797449. X-2

216. Toma TS, Rea MF. [The Baby-
Friendly Hospital Initiative and the
computerized tools for its monitoring and
sustainability]. Rev Panam Salud Publica
2011 Nov;30(5):505-6. PMID: 22262280.
X-3, X-4

217. Trotter A, Maier L. Computerized
physician order entry system in pediatric
inpatients: Prevention of medication errors
and adverse drug events. [German].

G-16

Monatsschrift fur Kinderheilkunde 2009
February;157(2):160-5. PMID: 2009221830.
X-5

218. Tyler A, Boyer A, Martin S, et al.
Development of a discharge readiness report
within the electronic health record-A
discharge planning tool. J Hosp Med 2014
Aug;9(8):533-9. PMID: 24825848. X-4

219. Tyler-Beynum K, Jacobs BR. When
less is more: big problem, small change,
better outcomes. Pediatr Crit Care Med 2013
May;14(4):439-40. PMID: 23648877. X-4

220. Upperman JS, Staley P, Friend K, et al.
The introduction of computerized physician
order entry and change management in a
tertiary pediatric hospital. Pediatrics 2005
Nov;116(5):e634-42. PMID: 16263977. X-2

221. Upperman JS, Staley P, Friend K, et al.
The impact of hospitalwide computerized
physician order entry on medical errors in a
pediatric hospital. J Pediatr Surg 2005
Jan;40(1):57-9. PMID: 15868559. X-4

222. Van Walleghem N, MacDonald CA,
Dean HJ. Transition of care for young adults
with type 1 and 2 diabetes. Pediatr Ann
2012 May;41(5):e16-20. PMID: 22587508.
X-1, X-2

223. Vardi A, Efrati O, Levin |, et al.
Prevention of potential errors in
resuscitation medications orders by means
of a computerised physician order entry in
paediatric critical care. Resuscitation 2007
Jun;73(3):400-6. PMID: 17289249. X-3, X-4

224. Vargas-Herrera J, Manrique J, Nunez
Mdel C, et al. [Application of an electronic
information system to the cervical cancer
screening program]. Rev Peru Med Exp
Salud Publica 2013 Jul;30(3):522-4. PMID:
24100834. X-6



225. Ventura ML, Battan AM, Zorloni C, et
al. The electronic medical record: pros and
cons. J Matern Fetal Neonatal Med 2011
Oct;24 Suppl 1:163-6. PMID: 21942617. X-
3, X-4

226. Verma SK. The information highway:
a threat to medical confidentiality. Indian
Pediatr 2001 Aug;38(8):884-8. PMID:
11520999. X-2

227. Vest JR, Issel LM. Factors related to
public health data sharing between local and
state health departments. Health Serv Res
2014 Feb;49(1 Pt 2):373-91. PMID:
24359636. X-5 X-

228. Wang Y, Caggana M, Sango-Jordan
M, et al. Long-term follow-up of children
with confirmed newborn screening disorders
using record linkage. Genet Med 2011
Oct;13(10):881-6. PMID: 21637103. X-2

229. Webber EC, Warhurst HM, Smith SS,
et al. Conversion of a single-facility
pediatric antimicrobial stewardship program
to multi-facility application with
computerized provider order entry and
clinical decision support. Appl Clin Inform
2013;4(4):556-68. PMID: 24454582. X-2,
X-4

230. Weigle CG, Scanlon MC. There's
many a slip. J Pediatr 2006 Oct;149(4):435-
6. PMID: 17011307. X-2

231. Weitzman M, Shiffman RN.
Information technology and the future of
child health care: a revolution is occurring.
Arch Pediatr Adolesc Med 2001
Sep;155(9):990-1. PMID: 11529798. X-2

232. West SL, Johnson W, Visscher W, et
al. The challenges of linking health insurer
claims with electronic medical records.

G-17

Health Informatics J 2014 Mar;20(1):22-34.
PMID: 24550563. X-1

233. Wetzel G. Pediatric cardiology in a
digital world. Curr Opin Cardiol 2001
Jul;16(4):265-6. PMID: 11574789. X-2, X-4

234. Wong ST, Bernick LA, Portillo C, et
al. Implementing a nurse information system
in a nurse-managed primary care practice: a
process in progress. Clin Excell Nurse Pract
1999 Mar;3(2):123-7. PMID: 10646401. X-
1, X-2

235. Woodman J, de Lusignan S, Rafi I, et
al. GPs' role in safeguarding children. Bmj
2012;345:e4758. PMID: 22802403. X-2

236. Worthey E, Bick D, Dimmock D, et al.
Clinical diagnostic whole genome
sequencing in a paediatric population:
Experience from our WGS genetics clinic.
BMC Proceedings 2012 01 Oct;6:S3. PMID:
71478224. X-2

237. Wu P, Carroll KN, Gebretsadik T, et
al. The developmental trajectory of pediatric
asthma in 3- to-10-year-olds. J Allergy Clin
Immunol 2012 May;129(5):1397-8. PMID:
22322007. X-2

238. Wu ST, Sohn S, Ravikumar KE, et al.
Automated chart review for asthma cohort
identification using natural language
processing: an exploratory study. Ann
Allergy Asthma Immunol 2013
Nov;111(5):364-9. PMID: 24125142. X-2

239. Zarlengo R. Meaningful use for the
pediatrician. Med Health R 1 2011
Jul;94(7):209-10. PMID: 21894850. X-5

240. Zerbe KJ, Allen JG. Integrating
outcome measurement with clinical practice:
the FACE Recording and Measurement
System. Introduction. Bull Menninger Clin



1999 Summer;63(3):285-7. PMID:
10452191. X-1

241. Zhai H, Brady P, Li Q, et al.
Developing and evaluating a machine
learning based algorithm to predict the need
of pediatric intensive care unit transfer for
newly hospitalized children. Resuscitation
2014 Aug;85(8):1065-71. PMID: 24813568.
X-3, X-4

242. Zhang Y, Levin JE, Padman R. Data-
driven order set generation and evaluation in
the pediatric environment. AMIA Annu
Symp Proc 2012;2012:1469-78. PMID:
23304427. X-2, X-4

243. Zhong VW, Pfaff ER, Beavers DP, et
al. Use of administrative and electronic
health record data for development of
automated algorithms for childhood diabetes
case ascertainment and type classification:
the SEARCH for Diabetes in Youth Study.

G-18

Pediatr Diabetes 2014 Jun 9PMID:
24913103. X-5 X-

244. Zipkin R, Schrager SM, Keefer M, et
al. Improving home management plan of
care compliance rates through an electronic
asthma action plan. J Asthma 2013
Aug;50(6):664-71. PMID: 23574196. X-5
X-

245. Zomer-Kooijker K, van Erp FC,
Balemans WA, et al. The expert network
and electronic portal for children with
respiratory and allergic symptoms: rationale
and design. BMC Pediatr 2013;13:9. PMID:
23324209. X-2

246. Zurhellen W. The coming of age of the
electronic office. Pediatr Ann 2001
May;30(5):289-97. PMID: 11383469. X-2



	Cover Page: Effective Health Care Program Technical Brief Number 20. Core Functionality in Pediatric Electronic Health Records
	Title Page: Core Functionality in Pediatric Electronic HealthRecords
	Disclaimers and suggested citation
	Preface
	Structured Abstract
	Contents
	Background
	Methods
	Findings
	Summary and Implications
	Next Steps
	References
	Appendix A. Literature Search Strategies
	Appendix B. Key Informant Interviews
	Appendix C. Summary of Key Informant Input
	Appendix D. Screening Forms
	Appendix E. Summary of Consensus Statements
	Appendix F. Ongoing Studies
	Appendix G. Reasons for Exclusion



