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2. STRUCTURED ABSTRACT

Purpose: To determine whether a quality improvement collaborative (QIC) is associated with a 
reduction in three specific diagnostic error rates in a national group of pediatric primary care 
practices.

Scope: Primary care pediatric practices

Methods: During a cluster-randomized clinical trial, practices worked in different orders to improve 
performance on each of three different diagnoses: elevated blood pressure (BP), adolescent 
depression, and abnormal laboratory values. While improving their first diagnosis during an 8-
month action period, practices collected control data for a different diagnosis. In two subsequent 
8-month periods, practices worked to improve two additional diagnoses and continued to provide
data on the ability to sustain and maintain improvements. The QIC intervention included day-long
video conferences, transparent data sharing, analysis of failures, QI coaching, and tools to help
improve diagnostic performance. The primary outcomes were the measured frequency of actions
taken or depression diagnoses in control versus intervention conditions, compared via
generalized mixed-effects regression models.

Results: Forty-three practices were randomized with 31 in the final analysis. Comparing control 
versus intervention phases, the mean adjusted percentage of patients who received appropriate 
BP actions increased from 58% to 74% (risk difference (RD) 16%; 95% CI 12%, 20%). Patients 
with depression diagnoses increased from 6.6% to 10.5% (RD 3.9%; 95% CI 2.4%, 5.3%). 
Patients who received appropriate laboratory actions did not change (RD 1%; 95% CI -1%, 3%). 
In post hoc analyses, practices significantly improved comparing control to sustain (RD 3%; 95% 
CI 0.3%, 6%) and maintenance phases (RD 6%; 95% CI 3%, 9%).

Key Words: Ambulatory, diagnostic errors, pediatric

3. PURPOSE
The specific aim and purpose of this grant was as follows:

Specific Aim: To determine whether a quality improvement collaborative consisting of evidence-
based best-practice methodologies, mini root cause analyses, data sharing, and behavior change 
techniques is associated with a reduction in three specific diagnostic error rates in a national 
group of pediatric primary care practices.

Hypothesis 1: Implementation of a quality improvement collaborative will lead to a 40% 
reduction in missed diagnosis of adolescent depression.
Hypothesis 2: Implementation of a quality improvement collaborative will lead to a 30% 
reduction in missed diagnosis of pediatric elevated blood pressure.
Hypothesis 3: Implementation of a quality improvement collaborative will lead to a 45% 
reduction in delayed diagnosis of actionable laboratory results.

4. SCOPE
The Institute of Medicine (IOM) report “Improving Diagnosis in Health Care” highlights 

the significance of diagnostic errors (DE) and defines them as “the failure to establish an accurate 
and timely explanation of the patient’s health problem(s) or communicate that explanation to the 
patient.”1 The report asserts that each of us will likely have a meaningful DE in our lifetime, 
with one estimate suggesting that DEs affect 1 in 20 outpatient adults annually.2 DEs are also 
responsible for approximately $34 billion dollars in annual United States malpractice payments.3
Although studies on reducing ambulatory diagnostic breakdowns in adults have emerged,4,5 little 
progress has been made to understand or reduce ambulatory pediatric DEs.6
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In surveys, 35-54% of pediatricians reported a DE occurring at least monthly and 33-45% 
reported DEs that harmed a patient at least annually.7,8 The true burden is likely higher, given 
that physicians generally underestimate their personal error rates.9 Research into pediatric 
ambulatory DEs remains in its infancy, and it is additionally compounded by challenges in 
defining and measuring DEs.10 This study seeks to identify these errors across a broad range 
of pediatric ambulatory clinics and then reduce them through quality improvement collaborative 
methodology.

When choosing which DEs to address, primary care pediatricians expressed more interest 
in working to reduce high-frequency/sub-acute DEs, such as missed hypertension diagnosis, 
versus low-frequency/acute DEs, such as missed appendicitis diagnosis.8 The epidemiology 
of these sub-acute DEs is unknown, but their high frequency and long-term health effects may 
lead to increased morbidity and cost compared to low-frequency/acute DEs. For 
example, adolescent depression affects 20% of adolescents before age 20, and 7.8% of 
adolescents attempt suicide.11-16 Unfortunately, in 60 children with probable mental health 
diagnoses, only 15 (25%) were identified by pediatricians, and in only 14% did pediatricians 
consider a psychiatric referral.17 Similarly, 3-5% of children have hypertension.18,19 The 
first step in diagnosing hypertension is recognizing when blood pressure (BP) is 
elevated. Recognition in both the hypertensive and pre-hypertensive range is important, as 
pre-hypertensive children are at greater risk for developing hypertension and have worse 
cardiovascular outcomes when compared to normotensive children.20,21 In a single-center 
study, 39% of pediatric visits included an elevated BP, but only 13% of these elevations were 
recognized by providers.22 Finally, 40% of ambulatory primary care visits include laboratory 
testing,23 but 83% of physicians report at least one delay in reviewing laboratory results during 
the previous 2 months,24 and 40% report missing results despite a highly computerized 
health system.25 It is crucial to investigate the epidemiology of these high-frequency/sub-
acute DEs across multiple practices to better describe the pervasiveness of 
pediatric DEs, as potentially many more patients are affected by this type of error. Rigorous 
epidemiologic, multi-site studies can also increase generalizability of findings, demonstrate 
models for other DE measures, and create an imperative to reduce these errors.

Our objective, via a prospective, stepped-wedge, cluster-randomized controlled trial in a 
national cohort of pediatric primary care clinics, was to determine whether a quality improvement 
collaborative (QIC) intervention could reduce the frequency of missed elevated pediatric BP, 
missed adolescent depression, and delayed action on laboratory values and sustain 
reductions while practices refocused on reducing other errors. Lessons from this project can 
be applied broadly and serve as a foundation for hypertension care delivery improvement 
efforts.

5. METHODS

Project RedDE (Reducing Diagnostic Errors in Pediatric Primary Care) aimed to reduce 
three different DEs in primary care pediatric practices in collaboration with the American 
Academy of Pediatrics’ (AAP) Quality Improvement Innovation Networks (QuIIN) via a QIC. 
QuIIN aims to “improve the quality and value of care and outcomes for children and families” via 
quality improvement networks. QICs are an organized, multifaceted approach to QI with 1) a 
specific topic for improvement with large variation in current practice; 2) clinical and QI experts 
sharing best practice knowledge; 3) multidisciplinary teams from multiple sites willing to improve 
care; 4) a model for improvement with measurable targets for improvement, data feedback to 
teams, and small tests of change; and 5) a series of structured activities to advance 
improvement, exchange ideas and share experiences of participating teams.26-31 Reducing 
missed elevated pediatric BP, reducing missed adolescent depression, and reducing delayed 
action on abnormal laboratory values were the three errors addressed by Project RedDE’s QIC.
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Recruitment and Randomization

In March 2015, we recruited 34 pediatric practices via email listserves and 
orientation webinars and randomized them via computer random number generator, in a non-
blinded fashion, to one of three groups. We employed multivariate matching before 
randomization32 based on university affiliation, the presence of a self-reported prior record of 
working to reduce the target DEs, and total annual visits per total number of pediatricians or 
nurse practitioners in the clinic. Nine practices dropped out after randomization but before 
submitting data due to inability to collect data. Of the remaining 25 practices, 24 submitted 
complete project data through September 2017; one practice dropped out after 8 months when 
their lead physician left the practice. We included this practice’s data in analyses of depression 
and laboratory errors, as they submitted data for those errors but not for BP. Nine additional 
practices were recruited in December 2015 to increase the size of the cohort and were similarly 
randomized via computer random number generator in a non-blinded fashion. Of these, two 
practices dropped out after randomization but before submitting data, also due to data burden; 
two other practices from a single care network merged into one team to boost their practice 
sample size. These six ‘Wave 2’ teams participated alongside the 24 ‘Wave 1’ teams. In this 
manner, we randomized 43 total practices and included 30 in the final analysis.

Study Design
In July 2015, each of the three groups was assigned to collect retrospective baseline data 

(February-June 2015) on one of three DEs: missed elevated BP, delayed diagnosis of abnormal 
laboratory values, or missed diagnosis of adolescent depression.33 A priori, each error was to be 
examined independently. The groups collected 1 month of prospective baseline data 
(September 2015) and then began an 8-month QI action period in October of 2015 to reduce 
their assigned error. Concurrently (September 2015-May 2016), each group collected control 
data on a second DE. In a prospective, stepped-wedge fashion, after 8 months, (June 2016) 
each group began to work to reduce a second DE during a second action period, sustain the 
improvement on their first error, and collect control data for the third DE. In February 2017, each 
group began to work to reduce the third error during a third action period, sustain the 
improvement on their second error, and maintain the improvement on their first error, with 
reduced feedback and attention on the first error from the larger QIC (Figure 1).

Using this design, each group of practices had a ‘control phase,’ when they collected data 
on all errors but did not attempt to reduce them, and all but one Wave 2 group had an 
‘intervention phase,’ when they actively worked to reduce all errors. Groups also had a ‘sustain 
phase,’ when they actively worked to reduce a second DE and sustain improvement on their 
first error; finally all groups had a ‘maintenance phase,’ when they actively worked to reduce 
two other DEs and maintain improvement on their first error.

Intervention
The primary intervention was a QIC. Each practice identified a three-person QI team 

consisting of a physician, a nurse, and another professional (e.g., administrator, 
business associate, front desk staff, etc.). After completing baseline data collection, teams 
participated in a 2-day video conference, where they learned and practiced QI methodology 
and DE-specific content. Though all teams participated in the QIC video conference, only 
the teams about to intervene on a given error received information and training on this error. 
Following this, teams received rapid, transparent data feedback on performance with 
benchmarking, participated in monthly hour-long video conferences, and completed monthly 
mini root cause analyses. These mini root cause analyses examined a patient with a BP error 
in their clinic and 15 standardized patient and systems factors that could have led to this 
error.34,35 Teams focused their video conferences and mini root causes analyses on their 
specific error while in that error’s intervention phase. Each practice had a QI coach provided by 
the project, and each group had an interactive email listserv and group-specific website with 
project resources.
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Day-long video conference learning sessions were conducted every 8 months as practices 
transitioned to working on a new DE (Figure 1). When practices were working on their second 
DE, monthly video conferences provided transparent data feedback in the form of run-charts from 
both their first and second DEs. When working on their third DE, monthly video conferences 
presented data from both their second and third DEs, and data from their first error were only 
presented quarterly. Practices could always access all of their data independently. We believe 
practices spent an average of 4 hours per month working on Project RedDE-related 
activities: 8-hour learning session every 8 months, 1-hour video conference every non-
learning session month, 1 hour for team quality improvement meetings, and 1 hour for data 
entry and collection. In addition, practices spent time developing and implementing changes, 
including new tools and workflows, for which t theime spent cannot be easily estimated. Figure 
1 presents the process flow for practices working to reduce BP errors. Similar process flows 
existed for depression and laboratory values.

Project leadership 
developed change 
packages for each error 
with the aim of helping 
teams 1) implement 
uniform processes; 2) 
use systematic tools to 
identify patients at risk 
for these diagnoses; 
and 3) help providers 
know, perform, and 
document appropriate 
actions.

All these resources were maintained on the Project RedDE website, and practices shared 
new and modified tools throughout the QIC. All resources were made available to the public 
following the project’s conclusion as one of the grant’s deliverables in a AAP Toolbox.36

Measures
We utilized pragmatic error measures with efficient data collection methods to 

accommodate the needs of high-throughput practices.
Inclusion criteria for the elevated BP DE measure were patients ≥ 3 years old through 22 

years old who had an elevated systolic or diastolic BP recorded at their health supervision visit.  
We defined elevated BPs as ≥ 90th percentile for age, height, and sex or ≥ 120 mmHg systolic or 
80 mmHg diastolic pressure at any age. 37 The primary outcome measure was the number of 
patients with an elevated BP with an appropriate action taken by the provider per 100 patients 
with elevated BP. This provider “appropriate action” confirms that a diagnosis was made, as not 
all providers document a diagnosis of ‘an elevated BP.’ Appropriate actions included any of the 
following: a) rechecking the BP, b) noting a plan to recheck the BP at a future visit, c) referral to 
a hypertension specialist (e.g., pediatric cardiologist or nephrologist), and/or d) laboratory or 
radiologic studies ordered to evaluate causes of elevated BP. More than one action could be 
selected, and actions had to occur within 30 days of the visit.
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Definitions of “appropriate actions” were necessarily broad as the study relied on frontline 
clinicians with limited time to collect data. A research team chart review was beyond the scope 
of this work.

Although depressive symptoms (e.g., poor school performance, interrupted sleep 
patterns, increased disruptive behaviors, etc.) without appropriate provider identification or 
referral were considered as the primary outcome, pilot data suggested that the number of 
times a patient has documented signs and symptoms of depression but is not referred to or 
already receiving mental health treatment is rare, and this methodology likely underidentifies 
adolescent depression.38 Thus, we used a proxy primary outcome measure for poor 
adolescent depression diagnostic performance: the frequency of adolescent depression 
recognition and diagnosis, which increases as missed diagnoses decrease. Given prior 
literature,17,38,39 it is reasonable to assume an underdiagnosis of adolescent depression. 
Practices identified the percent of adolescents who carried diagnoses of depression, 
dysthymia or sub-syndromal depression in visit notes, problem lists or billing records 
(International Classification of Diseases(ICD)-9/10 codes 296.2, 296.3, 311, 311.0, 300.4, 
309.0, 309.1, 309.4; F32.0-5, F32.9, F33.0-4, F33.8-9, F34.1, F43.21, F43.25, F06.3X). 
These were not patients who only screened positive on a PHQ-9M screen but those who 
were ultimately given, at that visit or within 30 days of the visit, a diagnosis of depression. 
Sub-syndromal depression was defined as “a depressive state having two or more symptoms 
of depression of the same quality as in major depression(MD), excluding depressed mood 
and anhedonia.”40 We included patients if they were 11 to 23 years old and attending a 
health supervision visit. We included 11-year old patients because the AAP recommended 
screening at this age, although the current recommendation is to start screening for 12-year-
old patients.41 Charts were checked 30 days after the visit.

For laboratory 
values, the primary 
outcome was the 
proportion of patients 
with any of five specific 
abnormal laboratory 
values who had 
appropriate action 
documented without 
delay per 100 patients. 
These five sub-acute 
results (microcytic 
anemia, elevated lead 
level, sexually 
transmitted disease, 
streptococcal 

pharyngitis on culture 
only, possible hypo- or 
hyperthyroid) were 
selected because each 

test is frequently ordered in primary care, and unrecognized or untreated results can lead to 
harm.42-47 Definitions of “appropriate actions” and delays, created by discussions with the QIC 
expert group, literature reviews, and local pilot testing, were necessarily broad because more 
detailed research team-led chart review was beyond the scope of this study (Table 1).

Practices were taught measure definitions via multiple webinars, slides, and 
written materials. Listservs and QI coaches were available for questions and clarifications. 
For each eligible patient, practices recorded age, sex, and insurance status (public, private, self, 
unknown) and entered data into a web-based portal. Insurance status was included as 
a potential confounder, because it is an easily collectible, partial marker of socioeconomic 
status, which has previously been shown to be associated with errors in ambulatory care.48
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Practice demographics, including items such as university affiliation, previous work on these 
errors, clinic and patient demographics, and QI skill, were identified via self-report 
questionnaire before the start of the project.

Statistical Analysis:
We used patients as the unit of analysis and compared the primary outcome of a 

mean number of patients with an appropriate provider action taken per 100 patients who met 
inclusion criteria between the intervention and control phases. The primary outcome effect 
measures are presented as model-based estimates of risk differences (RD). We applied 
generalized mixed-effects logistic regression models adjusted for age, sex, insurance status, 
and wave with month-specific and practice-specific intercepts considered random, whereas age, 
sex, and insurance status were considered fixed. We excluded patients with incomplete 
demographic data from the final analysis. We completed all data analyses with SAS v9.3. This 
study was approved by the AAP’s and the Albert Einstein College of Medicine’s Institutional 
Review Boards.

6. RESULTS
Principal Findings

BP:
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Data on 1,728 patients 
were available for the control 
phase and on 1,834 patients for 
the intervention phase. We 
excluded 140 patients 
(3.9% of total patients) from the 
final analysis due to missing 
insurance data. The model-based 
estimated mean percentage of 
patients with either elevated 
systolic or diastolic BP who 
received an appropriate action 
increased from 57.6% in the control 
phase to 73.5% in the intervention 
phase (RD 16.0%; 95% CI 12.3%, 
20.0%, p<0.0001). Of the 1,366 
intervention and 969 control 

patients who received an appropriate action, 84% had their BP rechecked in the intervention 
phase versus 75% in the control phase (p<0.001); 27% had a plan to recheck BP at a future visit 
in the intervention phase versus 22% in the control phase (p=0.004); and 3% had a referral to 
a specialist in the intervention phase versus 7% in the control phase (p<0.001). Practices 
continued to improve comparing the intervention and sustain phases (RD 5.2%; 95% CI 
1.5%, 8.9%; p=0.006) and neither worsened nor improved comparing the maintenance and 
sustain phases (RD 0.9%; 95% CI -4.7%, 6.6%; p=0.743).
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Depression:
Data on 3,394 patient visits 

were entered for the control phase 
and 4,114 for the intervention 
phase. We excluded 295 patients 
from the final model due to missing 
insurance data. There were 
statistically younger and more 
non-privately insured patients in 
the intervention phase. The 
adjusted percentage of patients 
with depression, dysthymia or sub-
syndromal depression in the 
control phase was 6.6%, 
compared to 10.5% in intervention 
phase (RD 3.9%; 95% CI 2.4%, 
5.3%; p<0.0001). Practices sustained and maintained these improvements: the mean percentage 
of patients with depression was not different when comparing the intervention to the sustain 
phase (RD -0.4%; 95% CI -2.3, 1.4%; p=0.642) or the sustain to the maintenance phase (RD 
-0.1%; 95%CI -2.7%, 2.4%; p=0.911).
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Abnormal Laboratory Values:
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Data on 1,357 patients 
were available for control and on 
1,426 patients for the intervention 
phase. Due to missing insurance 
data or missing laboratory test 
data, we excluded 193 patients 
(7%). The model-based estimate 
mean percentage of patients with 
one of the specific abnormal 
laboratory values who received an 
appropriate action was unchanged 
from 93.0% in the control phase to 
94.1% in the intervention phase 
(RD 1.1%; 95% CI -1.0%, 3.1%; 
p=0.302). 

In post hoc analyses 
comparing sustain and control phases as well as maintenance and control phases, practices 
significantly improved (respectively, RD 3.0%, 95% CI 0.3%, 5.7%; p=0.03, and RD 5.9%, 95% 
CI: 2.5%, 9.2%; p=0.001). When examining data from only the first group of 10 practices 
targeting these errors without the potential for ascertainment bias, practices significantly 
improved during intervention phase from 85.6% to 91.0% (RD 5.4%, 95% CI 1.6%, 9.2%; 
p=0.006).

Discussion:
In one of the first cluster-randomized, stepped-wedge trials to address pediatric or 

adult DEs, a national QIC intervention increased recognition of elevated BP in primary care 
pediatrics by 28% from baseline---an increase that was sustained for 16 months even when 
practices began focusing QI efforts elsewhere. Similarly, the QIC successfully increased 
the percent of adolescents who carried diagnoses of depression from 6.6%, to 10.5% 
and sustained this improvement over 16 months.
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The QIC failed to reduce missed or delayed action on abnormal laboratory values error rates 
during the initial 8-month intervention phase for the primary outcome appropriate action 
without delay, using both classical statistical methodologies and statistical process control 
chart. Significant reductions were appreciated in post hoc analyses comparing sustain and 
maintenance phases (months 9-24) to the control phase. These reductions are notable because 
practices were focusing QI efforts on other targets at those times. A potentially delayed 
effect might have resulted from process improvements that take time, achieving > 93% 
reliability might require more sophisticated QIC approaches to improve test results 
management, and/or ascertainment bias may have led to higher control data for certain 
practices.

Although missing elevated BP is not immediately dangerous, this error is high 
frequency33; primary care pediatricians would like to see it prioritized, 8 and it eventually takes a 
significant toll on pediatric and adult health.49,50 Reducing common and potentially harmful 
errors through collaboration, data benchmarking, QI coaching and mini root cause analyses 
offers one possible path for DEs, for which few interventions focus on pediatric and ambulatory 
patients.6 It is unclear if improvement came from the bundle of intervention tools provided to the 
practices or the focus on elevated BP that came from being part of a national QIC. By focusing 
on just one error at a time, practices would also likely experience less data collection burden, 
reducing the risk of attrition. The effect size of results seen in Project RedDE are 
comparable to previous QIC results,30 especially when considering studies with a 
comparable initial prevalence of errors.51 QICs are often resource intensive and Project RedDE 
demonstrates a benchmark for what practices across the country can achieve with dedicated 
focus and collaboration. The low attrition rate once practices were able to demonstrate data 
collection capacity (one of 31 practices) suggests that the burden of participating and working 
to improve these errors was not overwhelming and that practices found value in this work.

Missed opportunities to diagnose depression occur in approximately 60% of 
adolescents,52 and such high-frequency errors are a priority for pediatricians.8 Our data support 
prior studies suggesting under-diagnosis of adolescent depression is common in pediatrics,17,38,39

and illustrate a methodology to reduce these misdiagnoses through collaboration, data 
benchmarking, QI coaching, and focusing on failures. Systematizing office practices to 
ensure screening with the PHQ-9M may improve diagnosis rates, as this process measure 
increased with depression diagnoses. Although measuring time to treatment and symptom 
relief was beyond the scope of this project, many practices anecdotally reported increased 
confidence in managing mild to moderately depressed adolescents, increased 
communication and collaboration with mental health practitioners, and improved outcomes 
for patients they otherwise would not have suspected of having depression. Given the 
sustainability of improvements when practices were focused on other diagnoses, we 
hypothesize that the change seen can be replicated in practices without an extensive QIC 
infrastructure, because improvements were consistent when the QIC was not focused on 
depression diagnosis. Further work is needed to understand why some clinics improved 
immediately and some clinics did not see appreciable improvement across the 
intervention phase.

Despite evidence suggesting benefit of QICs,26-31 this QIC’s effect may have appeared 
later, because 8 months may not be sufficient to impact embedded workflows and 
longstanding processes and procedures. For example, managing test results in EHRs must 
consider prioritization of results (flagging abnormal or potentially dangerous results), 
electronic transmission of information, clear definition of responsibilities, and training of 
providers to respond to alerts and to document consistently to avoid communication 
failures.53 Practices leveraged several EHR-based solutions and optimized protocols and 
policies. Some practices created a practice wide EHR laboratory “inbox” to ensure that 
teams did not miss abnormal values during provider absences. Practices also used EHR 
macros to make recall and documentation of actions easy for providers. These complex process 
interventions may require more than 8 months to reach maximal effectiveness.
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Additionally, a QIC may need different types of intervention suggestions and change 
‘toolkits’ to improve a process that is already more than 90% reliable, and/or sites may need to 
be stratified by baseline reliability level to identify relevant interventions. At level 2 reliability, 
appreciable constraints, affordances, differentiation of separate laboratory studies, and “error-
proofing” are likely required to see improvement.54 Group 1, which had a lower model-based 
estimate control phase error rate than the aggregate of all three groups (86% versus 93%), did 
see a significant improvement in the intervention phase, which could support the idea that a 
ceiling effect contributed to a lack of improvement on the primary outcome.

Limitations:
Limitations of this study include the concern that practices enrolled in a QIC are 

unlikely to be representative of all pediatric practices. Furthermore, 11 of the 43 randomized 
practices withdrew before study implementation due to data collection burden. All these 
practices withdrew before attempting to change their clinic processes and behaviors, 
making it unclear if easier data collection would have reduced this attrition rate. The study 
does not have information on practices that dropped out either for an intention-to-treat analysis 
or to compare demographics, as these practices did not submit any data. Practices with 
more resources or abilities to collect needed data may be less likely to resemble other 
general pediatric practices. However, we believe this to be not likely, as our cohort included 
great diversity, with single-practitioner private practices and large academic practices with many 
residents and attending physicians. Additionally, because the research team performed no 
direct site visits, there was potential variability in the application of data definitions across 
practices. However, the research team was available to answer questions during all data 
collection phases, hosted review sessions, and shared tips frequently on the listserv. 
Furthermore, appropriate actions on elevated BP and abnormal laboratory values were 
purposely broad, suggesting that some actions might be considered insufficient if examined 
more closely, although results did not appreciably change when documentation of 
abnormality was the outcome of interest. Error rates would be higher if we included all 
abnormal laboratory values. Small multiples p charts suggest that not all clinics improved 
equally, which presents further opportunities for research into why some clinics were more or 
less responsive to the QIC intervention.

Implications/Conclusions:
Implementation of a QIC in a national group of United States pediatric practices 

reduced the frequency of elevated BP and adolescent depression DEs in primary analyses. 
Missed or delayed action on abnormal laboratory values DEs were not reduced in primary 
analyses but were reduced in analyses comparing sustain and maintenance phases to the 
control phase. Future research should focus on spreading this effort to all pediatric primary care 
clinics, on the outcomes of patients following these diagnoses, and whether this model can 
apply to other diagnoses in primary care. Additionally, implementation science work could focus 
on understanding how a QIC functions in settings of 90% or more reliability at baseline 
and the time/effort required for improvement in already moderately highly reliable systems.
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