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1. Background/Significance: 

Despite being identified in 1999 in ‘To Err is Human’ as a central facet of patient safety,1 
diagnostic errors (missed, delayed or incorrect diagnoses) remain understudied,2 cause 
appreciable patient harm,3 and their reduction lags behind advances in other patient safety 
areas.4,5. Limited pediatric-focused research on diagnostic errors highlights the significance 
of this problem in children: 54% of pediatricians report making diagnostic errors at least 
monthly and 45% report making harmful diagnostic errors at least annually.6 In ambulatory 
pediatrics, evidence of harmful diagnostic errors is emerging: children experience a median 
delay of 3 years before receiving an asthma diagnosis,7 and 23% of children diagnosed with 
retinoblastoma have a diagnostic delay of more than 8 weeks, leaving them at increased 
risk of tumor invasion.8 Errors in diagnosis were the most prevalent error type in closed 
pediatric malpractice claims.9 Evidence from adult and pediatric primary care settings 
suggest diagnostic errors are harmful and involve a variety of diseases.5  

Few studies rigorously investigate diagnostic error reduction efforts and even fewer 
focus on children.5 A recent review led by a co-investigator of this proposal, suggests a need 
for empirical studies to test interventions to reduce diagnostic errors, and that most existing 
studies focus on adults, lack rigorous process and outcome measures, suffer from non-
experimental or quasi experimental designs, and/or were limited to a single institution.10 
Evidence for reducing pediatric diagnostic errors is rare and often not current: the 
implementation of a pediatric trauma team reduced delayed and missed diagnoses of major 
injuries from 4.3% to 0.46%.11  Computer aided differential diagnoses reduced mean time to 
diagnosis of all pediatric inpatients from 2.8 days to 1.9 days in 1975.12 Research on 
interventions to prevent pediatric diagnostic errors is needed.  

The proposal will focus on 3 specific, high-risk, pediatric ambulatory diagnostic errors 
each representing a unique dimension of diagnostic assessment: evaluation of symptoms, 
evaluation of signs and follow-up of diagnostic tests. Adolescent depression (i.e. symptoms) 
affects nearly 10% of teenagers,13-16 is misdiagnosed in almost 75% of adolescents17 and 
causes significant morbidity.18 Pediatric elevated blood pressure (signs) is misdiagnosed in 
74-87% of patients,19,20 often due to inaccurate application of blood pressure parameters that 
change based on age, gender and height. Actionable pediatric laboratory values (diagnostic 
tests) are potentially delayed up to 26% of the time in preliminary investigations and 7-65% 
in adults,21,22 leading to harm and malpractice claims.22-25 

We propose to conduct a multisite, prospective, stepped wedge cluster randomized trial 
testing a quality improvement collaborative (QIC) intervention within the American Academy 
of Pediatrics’ Quality Improvement Innovation Networks (QuIIN) to reduce the incidence of 
pediatric primary care diagnostic errors. QuIIN is a national network of over 300 primary 
care practices, ranging from tertiary care academic medical centers to single practitioner 
private practices, interested in and experienced with QICs. Because many processes are 
likely to be common across diagnostic errors in outpatient settings, a multifaceted 
intervention, such as a QIC, has a high likelihood of success and broad applicability across 
populations. Preparatory inquiries to QuIIN primary care providers suggest high interest in 
reducing these 3 diagnostic errors and provider agreement with randomization to evaluate 
diagnostic error interventions.  
The purpose of this IRB application is to cover the data analysis of the QIC data generated 
in this project.  The AAP’s IRB will cover each individual pediatric clinic, the data collection 
and the conduct of the study.  

 
2. Study Design:  

Objectives: 
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Primary 
• To determine whether a QIC consisting of evidence-based best-practice 

methodologies, mini-root cause analyses, data sharing, and behavior change 
techniques, is associated with a reduction in 3 specific diagnostic error rates in a 
national group of pediatric primary care practices.  

o Hypothesis 1: Implementation of a QIC will lead to a 40% reduction in missed 
diagnosis of adolescent depression. 

o Hypothesis 2: Implementation of a QIC will lead to a 30% reduction in missed 
diagnosis of pediatric elevated blood pressure. 

o Hypothesis 3: Implementation of a QIC will lead to a 45% reduction in 
delayed diagnosis of actionable laboratory results. 
 

Secondary 
• To determine if a QIC’s effect changes for wave 1 versus wave 2 participants, who 

serve as the control group in the first year of the collaborative. 
• To further investigate the epidemiology of three ambulatory pediatric diagnostic 

errors:  missed diagnosis of adolescent depression, missed diagnosis of pediatric 
elevated blood pressure, and delayed diagnosis of actionable laboratory results.  

• To evaluate patient outcomes related to these diagnoses including outcomes after 
positive depression screening, missed elevated blood pressure screening and 
delayed diagnosis of actionable laboratory values.  

 
Methods: 

This proposal aims to identify systems solutions for reducing harmful pediatric diagnostic 
errors. We will perform a prospective, stepped wedge cluster randomized controlled trial to test 
the hypothesis that QIC strategies can reduce three specific diagnostic errors in a national 
group of ambulatory pediatric primary care practices. These data will inform future diagnostic 
error prevention efforts and provide data on QIC efforts aimed at pediatric diagnostic errors. 
Baseline data from the QIC will identify incidence data for errors in 3 separate stages of the 
diagnostic process: symptoms (missed diagnosis of adolescent depression), signs (missed 
diagnosis of pediatric elevated blood pressure) and diagnostic tests (delayed diagnosis of 
actionable laboratory results). Each of these diagnostic errors represents missed opportunities 
to recognize abnormal diagnostic findings.26-28 Human subjects’ protection will be completed at 
the CHAM to cover the researchers and data analysis and at the American Academy of 
Pediatrics to cover all practices, as completed for prior QuIIN projects.29 

The goal of this proposal is to reduce diagnostic errors by tracking diagnostic errors 
rates (outcomes measures) and reliably performing best practices for diagnosing adolescent 
depression, pediatric elevated blood pressure and actionable laboratory results (process 
measures). In order to reduce overall data collection burden on practices and to increase 
engagement of practices that would have been in the control group, we have changed the study 
design. These changes do not affect the statistical power of the study. The intervention will 
consist of implementing QIC methodology in all practices to assist teams in reliably performing 
the processes that will reduce the diagnostic error outcomes via evidence-based tools.30-32 
Practices will be randomized into three groups, with each group intervening on 1 diagnostic 
error and serving as the control group for a second diagnostic error.  After 8 months of 
participation, each group will begin intervening on the diagnostic error they were a control group 
for, continue intervening on their original diagnostic error, and function as the control group for 
the third diagnostic error.  In the final 8 months of the QIC, all three groups will intervene on all 
three diagnostic errors.  
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In order to test the 
hypothesis that a QIC can reduce 
these diagnostic errors, we will 
employ a prospective, stepped 
wedge cluster randomized 
controlled trial. First, all practices 
will submit baseline data on one of 
the three diagnostic errors (defined 
below) and this will provide data for 
an initial manuscript on the 
epidemiology of these diagnostic 
errors. Following baseline data 
collection, we will apply 
multivariate matching before 
randomization, which has been 
shown to provide more accurate 
effect estimates, creating an 

Table 1: Quality Improvement Collaborative (QIC) 
Components 

• Bi-annual 2 day interactive webinar learning sessions  
• Monthly all collaborative webinar & conference calls sharing 

best practices 
• Monthly one on one team calls with dedicated QI coach 

(QuIIN staff and research team) 
• Monthly data submission on both process and outcome 

measures (diagnostic errors) using QuIIN IT infrastructure 
• Monthly data feedback both at aggregate level with full inter-

team transparency as well as at specific institutional level 
using QuIIN IT infrastructure 

• Monthly mini-root cause analyses performed on 3 errors at 
each site 

• Multidisciplinary teams consisting of at least a physician, 
nurse and office practice associate 

• Instruction on best practices from content area experts in QI, 
diagnostic errors, hypertension, mental health and EHRs  

• Instruction on model for improvement, MUSIQ and behavior 
change via QI methodology (small tests of change/PDSA 

• Instruction on QI team leadership and team QI skills 
• Ongoing sharing of best ideas and barriers/issues among 

institutional teams 
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equivalent of 7% increase in sample size.33 Practices will be matched based on key 
demographics related to diagnostic errors including 1) patient volume per practitioner +/- 100 
patients, 2) university affiliation and 3) prior work reducing these diagnostic errors. After 
matching, randomization will occur via computerized random number generation and one-third 
of practices will be assigned to each of the three QIC intervention groups. 

The QIC intervention components are described in Table 1 and closely mirror prior 
evidence on components integral to QIC success32,34,35 and prior QICs conducted by QuIIN and 
the research team.29,36 Prior research by co-investigators and others have shown that reducing 
diagnostic errors requires more than just technological alerts,37,38 which is why a QIC 
intervention was chosen. The QIC will ensure the 6 key contextual MUSIQ factors will be met,39 
increasing the ability of each practice to reduce these errors. Rapid data feedback on 
performance with benchmarking is crucial to behavior change for diagnostic error reduction.40 
Root cause analyses have proven useful in identifying underlying causes of diagnostic errors.41 
The mini-root cause analyses used in this QIC involve identifying 1 diagnostic error monthly at 
each QIC site, examining  standardized patient, provider, and systems factors that could have 
led to the error, and spreading systematic lessons learned to prevent future errors.42,43 These 
factors could include 1) patient factors of age, gender, reason for visit, patient comorbidities, 
language barriers, acute illness, agitation of patient/family, social issues, etc. , 2) provider 
factors of type of provider, provider level of training, provider fatigue/impairment, personal 
stressors of providers, provider disagreements, provider knowledge, provider beliefs about the 
project or the patient, etc. and 3) systems factors of time of visit, clinic milieu during visit (chaotic 
vs. calm), increased workload, staffing concerns, verbal/written communication, computer 
software or hardware, non-computer equipment, etc.. These deidentifed factors will be 
submitted to the QIC monthly in order to aggregate causes of these errors. No protected health 
information (PHI) will be collected in the aggregate entered data for these min-root cause 
analyses. One of the novel approaches of this collaborative is the use of an interactive webinar 
format for learning sessions.  

All practices will participate in the QIC for the full 2 years of the study. They will attend 
an initial 2-day interactive webinar learning session where they will learn QI methodology, 
enhance and practice QI skills, identify local 30-60 day aims for the diagnostic error they are 
intervening on first, increase their understanding of diagnostic errors and these errors in 
particular, and create systems for standardized data collection and data entry. Practices will 
submit monthly data on their intervention and control diagnostic errors but only receive 
centralized data feedback, coaching or collaborative involvement regarding their intervention 
error. (Figure 1) We acknowledge that error measurement in the baseline and intervention 
periods may introduce an intervention effect, but we have no reason to believe this effect will be 
different for the intervention and control practices. As noted above, after 8 months, practices will 
participate in a second 2-day video conference learning session, continue to intervene on their 
first error, begin to intervene on the error they were a control group for and begin to collect 
control data for the third diagnostic error. Including the control group in the QIC ensures that 
harm is prevented in the maximum number of patients and that clinical equipoise is met, as we 
believe this intervention will reduce errors. This stepped wedge design with two steps allows for 
the primary outcome comparison (diagnostic errors in intervention versus control) and 
secondary outcome comparisons: 1) diagnostic error rates in second wave participants), 2) 
Sustainability after first eight months and 3) collaborative effect for second wave practices. 
These secondary outcome comparisons will shed light on the effectiveness and sustainability of 
QICs and inform future collaborative designs.  

Given concerns about practice attrition, we will additionally recruit a second wave of 
practices to join the collaborative.  The three phase quality improvement research model lends 
itself to simply on-boarding a new group of practices and integrating them into the project in 
Phase 2 which would begin in June of 2016. The up to 15 Wave 2 practices would be recruited 
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in the winter of 2015-2016, similarly randomized to the three already established collaborative 
groups and enrolled in March of 2016, collect baseline data comparable to the wave 1 practices 
and then participate in the collaborative beginning in June of 2016. As noted above, after 8 
months, practices will participate in a second 2-day video conference learning session, continue 
to intervene on their first error, begin to intervene on the error they were a control group for and 
begin to collect control data for the third diagnostic error. The only difference between the Wave 
1 and Wave 2 practices, are that the Wave 1 practices will ultimately intervene on all three 
diagnostic errors of interest. As the Wave 2 practices are entering the collaborative 8 months 
later, they will only intervene on two of the three diagnostic errors of interest over the course of 
16 months.  At the end of the collaborative, all resources and tools for the third diagnostic error 
will be given to the Wave 2 participants.   
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Target Diagnostic Error Outcome Measures: 

All outcome metrics are described in detail in Table 2 and the Data Collection section 
below.  

The missed diagnosis of adolescent depression primary outcome measure is defined as 
the incidence of depression in adolescents >11 years old compared in intervention versus 
control practices. This outcome measure was chosen because prior research suggested up to 
75% of adolescent cases are missed by primary providers,17,44 allowing incidence to serve as a 
proxy for missed diagnoses. The research team strongly considered using documented 
depressive symptoms (e.g. poor school performance, interrupted sleep patterns, increased 
disruptive behaviors, etc.) without appropriate provider identification or referral to mental health 
evaluation as the missed diagnosis of adolescent depression primary outcome. This metric was 
not chosen because preliminary data suggested the number of adolescents with symptoms 
suggestive of depression documented prior to a mental health referral was extremely small. This 
finding echoes research that pediatricians’ use of adolescent and parental chief complaints to 
identify depressive risk factors consistently under identifies adolescent depression.44,45 The 
process measure for this diagnostic error will be the percent of adolescents screened for 
depression, a practice recommended for all adolescents by the USPSTF,46 and feasible and 
acceptable to primary care pediatricians.47-49 
 
Table 2: Outcome and Process Measures, and Evidence-Based Tools for Diagnostic Error 
Reduction 

Primary Outcome Measure Process Measures Evidence-Based Tools 
Number of Adolescents Diagnosed with 
Depression per 100 Adolescent Visits  
Patients >11 years old with documentation of 
major depression or subsyndromal depression 
diagnoses 

1. Number of adolescents 
screened for depression 
with the PHQ-9-M per total 
number of adolescents 
seen per month 

1. Patient screening in the 
waiting room 

2. Triage nurse scoring and 
flagging to facilitate 
provider recognition  

Elevated Blood Pressure Not Recognized by 
Providers per 100 Elevated Blood Pressures 
Measured 
Systolic or Diastolic Blood Pressure > 90th 
percentile for age, gender and height or >120/80 
in >3 years old patients without history of 
hypertension and none of: 1) provider repeated 
blood pressure, 2) clinic note mentions elevated 
blood pressure/hypertension 3) plan included 
recheck or evaluation of blood pressure, or  4) 
ordering laboratory or other studies to evaluate 
elevated blood pressure  

1. Number of patients >3 
years old with blood 
pressure checked at triage 
per total number of 
patients >3 years old seen 

1. Triage nurse or EHR 
flagging of elevated 
blood pressures to 
facilitate provider 
recognition  

2. Family notification of 
elevated blood pressure 
at triage 

Delayed Actions on Laboratory Results per 
100 Abnormal Laboratory Results Received50 
No documented action step for first positive after 
30 days: 
1. Hgb<11 and MCV<75 in 1 or 2 year old 

documentation of beginning iron, sending 
iron studies or family conversation  

2. Lead>5documentation of family 
conversation on lead remediation or plan to 
retest 

No documented action step for first positive after 
7 days: 
1. Positive Gonorrhea, Chlamydia, Syphilis or 

HIV test documentation of antibiotics 
begun or referral to HIV specialist 

2. Positive group A streptococcal throat culture 
with negative rapid group A streptococcal 

1. Percent of providers with 
unread or 
unacknowledged 
laboratory results in their 
EHR inbox for greater than 
72 hours 

1. Weekly nurse review of 
all abnormal laboratory 
results 

2. Standardized protocols 
for handling laboratory 
results 

3. Standing orders for 
laboratory results action 
steps to be completed by 
nurse with appropriate 
provider oversight 
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Early detection via screening represents the best opportunity to reduce missed diagnosis of 
adolescent depression. We will screen patients with the Patient Health Questionnaire 9-item 
Modified for Adolescents (PHQ-9-M), as it is a validated and highly specific tool (94.7%).51 
Building on work done by Ruth E. Stein, MD,52,53 a member of the Project Expert Group and 
others,49 we will use coaching and learning sessions to ensure appropriate follow-up for 
identified mental health concerns are in place before practices begin universal screening. The 
evidence-based tools utilized by the collaborative to improve diagnosis of adolescent 
depression include patient screening in the waiting room, followed by nurse scoring and 
flagging. This methodology increased adolescent screening rates to 80-84% in QI interventions 
at CHAM and in 6 non-affiliated sites,49 and is a necessary first step to adolescent depression 
diagnosis. 

The missed diagnosis of pediatric elevated blood pressure primary outcome is defined 
as elevated systolic or diastolic blood pressure for age, gender and height without provider 
recognition per 100 elevated blood pressures measured in intervention versus control practices. 
The process measure will assess the percent of children >3 years old receiving blood pressure 
measurement at triage, as this is standard of care54,55 and an endorsed recommendation by the 
AAP,56 but not regularly adhered to in all pediatric clinics.57,58 The evidence-based tools 
implemented by the collaborative to help reduce this diagnostic error will involve triage nurse or 
EHR flagging of elevated blood pressures for provider recognition19 and family notification of 
elevated blood pressures.  

The delayed diagnosis of actionable laboratory results primary outcome measure is 
defined as the number of delayed actions, as defined in Table 2, per 100 abnormal laboratory 
results received in intervention versus control practices. Abnormal values are defined by 
pediatric reference texts.50 Since no standard definition of an actionable laboratory ‘delay’ 
currently exists, timeliness of follow-up was determined by expert opinion and discussions with 
primary care practitioners. Delays are defined as greater than 30 days for action on elevated 
lead levels or microcytic anemia, or greater than 7 days for action on STI treatment, 
streptococcal pharyngitis treatment or elevated or reduced TSH work-up. The process measure 
for delayed diagnosis of actionable laboratory results will be the number of providers with 
laboratory results unread or unacknowledged in their EHR inbox for more than 72 hours. The 
tools implemented by the collaborative will include standing orders for nurse actions when 
abnormal test results are received. For example, if a patient has a positive Chlamydia test, the 
nurse will immediately call the patient and schedule the next available visit for counseling and 
antibiotics. These interventions are based on successful newborn screening QICs at CHAM and 
QuIIN,29 and AHRQ’s toolkit for improving office-based testing.59  
 
QIC Data Collection and Standardization: 
 
 
 
 
 
 
 
 
 
 

testdocumentation of antibiotics begun or 
family conversation  

3. TSH<0.5 or >4.5 in >1 year oldplan to 
repeat lab values or referral to 
endocrinologist 
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 An initial orientation session will teach all practices to identify each of these 3 diagnostic 
errors via chart review, collect data and reliably enter it into the QuIIN IT system, QIDA. The 
QIDA system has been used by prior QuIIN projects, is web-based and HIPAA compliant, and 
QuIIN will take responsibility for data security. QuIIN’s project manager has experiencing 
ensuring accurate and timely data submission for primary care pediatric practices from prior 

QuIIN QICs.  
Practices will collect 

the primary outcome data by 
employing EHR based record 
review or paper-based 
methods depending on 
abilities and interest of local 
EHRs. Developing data 
collection tools for both EHR 
and paper based practices 
allows for maximum 
generalizability of lessons 
learned from this 
collaborative. These tools will 
ensure standardized data 
collection by disparate 
practices and were pilot 
tested with two QuIIN 
practices. All data collection 
tools will be pilot tested on 
paper and beta tested by a 

minimum of 2 Expert Group members (always including the QI Advisor).  As described below, 
data will be checked for outliers or abnormal values and feedback given to practices to ensure 
consistency across practices. Additional data on providers’ abilities to recognize abnormal 
results, either in mental health, blood pressure or laboratory values, will also be collected as this 
is an important first step in the diagnostic process.  These data are described further in the Data 
collection section below. QIC leadership will use QIDA entered data to disseminate monthly 
feedback reports with full transparency and QIC benchmarking to intervention practices. 
Consented core QI team members from each practice will be able to access their team’s data. 
All practices will report demographic data annually, including patient volume, number and 
training level of physician or physician assistant-level providers, number of nursing and office 
staff, university-affiliation, EHR availability, presence of trainees, estimated length of time 
providers take with patients, and prior self-reported work aiming to improve these diagnostic 
errors.  

Table 3 summarizes the primary outcome data each practice will collect and the types of 
charts they will screen. Numbers of charts are based on power calculations described below 
and will be a convenience sample. Adolescents with depression will be identified by monthly 
chart reviews or EHR data summaries when this diagnosis is mentioned in the problem list or in 
assessment sections of visit notes. Pediatric elevated blood pressures will be identified by 
flagging blood pressure measurements at triage or pulling reports from EHR systems. Similar to 
the depression outcome, provider recognition will be identified when this diagnosis is mentioned 
in the problem list or in assessment sections of visit notes. Finally, abnormal lab results will be 
tracked by either EHR laboratory summary reports or laboratory management registry tools, 
such as those found in the AHRQ toolkit for improving office-based testing,59 and provider 
recognition will be identified when a diagnosis is mentioned in the problem list, in assessment 

Baseline 
(One Time Data Collection) 

QIC Intervention Period 
(Monthly Data Collection) 

Missed Adolescent Depression 
50 >11 year old patient charts who 
visited clinic in prior 6 months. 
Chart screened for depression 
diagnosis.  

 
17 >11 year old patient charts who 
visited clinic in prior month. Chart 
screened for depression 
diagnosis.  

Missed Elevated Blood Pressure 
50 > 3 year old patient charts with 
elevated blood pressure recorded 
at triage. Chart screened for 
provider recognition.  

 
10 > 3 year old patient charts with 
elevated blood pressure recorded 
at triage. Chart screened for 
provider recognition. 

Delayed Diagnosis of Actionable 
Laboratory Results 

50 patient charts with abnormal 
laboratory results as defined 
above. Chart screened for 
appropriate action within time 
guidelines defined above. 

 
 
10 patient charts with abnormal 
laboratory results as defined 
above. Chart screened for 
appropriate action within time 
guidelines defined above. 

*All charts screened will have the following demographic data recorded: age, 
gender and insurance status. 

Table 3: QIC Primary Outcome Data Collection for Each 
               Practice 
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sections of visit notes or if medications are prescribed. Intervention practices will also report 
process outcomes (Table 2).  

Finally, in order to better investigate if reducing these diagnostic errors leads to 
improved patient outcomes, we will ask practices one time during the 2 year collaborative to 
identify the time between when the appropriate information to diagnose the patient was 
available and when the actual diagnosis was conveyed to the family. Practices who have 
intervened on a given error will track 50 patient charts with one of the following metrics: 1) time 
between positive mental health screen and diagnosis of depression or depression diagnosis 
ruled out, 2)  the number of days between blood pressure elevation in the medical record and 
notification of the family, or 3) time between abnormal laboratory result received and notification 
of family. Additionally, we will ask practices to evaluate 50 patients with a delayed diagnosis of 
actionable laboratory results 6 months after the diagnostic opportunity to evaluate for 
emergency department visits, clinic visits, ultimate diagnosis, clinical worsening in laboratory 
values and other patient morbidities. Similarly, we will ask intervention practices to evaluate 50 
patients whose diagnostic instrument of the PHQ-9M was positive 6 months after the diagnostic 
opportunity to evaluate how many were ultimately diagnosed with depression, attended initial 
mental health appointments and were referred to mental health or were diagnosed directly by 
the pediatrician.  

 
 
 
4. Study Population 

Our cohort will consist of at least 30 primary care pediatric practices which are part of 
QuIIN. We are confident that we can obtain this minimum number given that 45 of the 51 QuIIN 
practices (88%) participating in the pre-survey were interested in participating in a diagnostic 
error project, and over 300 practices are part of QuIIN from 46 states. We were able to recruit 
and consent 34 practices, but 9 were lost after randomization due to multiple issues including 
change in clinic staffing, change in clinic leadership and difficulty with data collection.  For this 
reason we will recruit 15 additional practices to join the collaborative in Wave 2. Interested 
practices reported seeing between 3,000 and 80,000 pediatric patients per practice annually 
(median 12,000). No practices will be excluded based on size as even the smallest practices 
have sufficient patient panels to collect the data described above. Each practice-based team will 
be multidisciplinary, consisting of at least one physician, nurse and office practice associate 
allowing for microsystem issues to be transmitted to practice leadership and QI skill to be 
disseminated across key groups.39 
 
 

Inclusion Criteria 
We will include 30 primary care pediatric practices that are part of the American 

Academy of Pediatrics’ QuIIN organization.  Our second wave will recruit 15 additional 
practices. No practices will be excluded based on race, ethnicity, gender or location.    
 Given that this study is minimal risk and the data submitted is deidentified, we will 
request a waiver of consent to look at patients’ protected health information submitted by 
these practices. Patient Protected Health Information (PHI) will not be collected in QIDA.  
 
Exclusion Criteria 
 We will not exclude any practices based on gender, race or ethnicity of its providers or 
patients.  

 
4. Participant Recruitment: 
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Upon IRB approval, primary care clinical teams will be recruited from the membership of 
the AAP’s Quality Improvement Innovation Networks (QuIIN) as well as other AAP listservs. In 
addition, Expert Group members will assist in recruiting potential practices.  

Practices will be enrolled via email and phone solicitation from the 300 QuIIN practices 
currently involved in the organization. This procedure has been successful in 39 prior and 
current QuIIN quality improvement collaborative practices.29 An application packet will be 
developed that will include a cover letter signed by Drs. Michael Rinke and David Bundy who 
represent the Project Expert Group. This application packet will also include a project overview, 
to describe the project and provide specific responsibilities of the practice/individual team 
members and a link to the application to be completed via Survey Monkey. The application will 
ask for basic practice information and patient and practice demographics. QuIIN members and 
others will be notified of the opportunity to participate via email. The application packet includes 
details about an informational call to be held during recruitment so any interested individual can 
learn more about the project before completing an application. This informational call will be 
conducted by Expert Group leadership, AAP QuIIN Staff, and the QI Advisor.  This same 
recruitment format will be applied to the Wave 2 practices.  
 
5. Informed Consent: 

The core improvement team (physician, nurse and office associate health care 
providers) across the 30 Wave 1 practices (25 retained) and 15 Wave 2 practices, enrolled via 
the AAP’s Quality Improvement and Innovation Networks (QuIIN) will be the primary human 
subjects for this proposal. Each practice will consent for participation via a standardized and 
previously used QuIIN consent form.  Over 300 practices are part of QuIIN from 46 states and 
have between 1 and 80 providers in each practice. Interested practices reported seeing 
between 3,000 and 80,000 pediatric patients per practice per year (median 12,000). As the 
proposal is geared toward improving providers’ actions and behaviors to be consistent with 
best-practice care to diagnose the 3 specific conditions outlined in this proposal, the risk to 
individual providers is negligible and individual consent will be covered by a waiver of consent. It 
would be impractical to consult every healthcare provider in every clinic in this study.  This 
consent procedure will be carried out by the American Academy of Pediatrics and QuIIN as in 
previous projects conducted by their organization.  Providers are typically between 30-60 years 
of age and no participants will be allowed who are less than 22 years old. No provider will be 
excluded. Similarly, because patients will experience minimal risk and only the minimal personal 
health information will be collected on patients, will obtain a waiver of consent for patient data. 
Both of these waivers have been granted on prior QuIIN projects via the AAP’s IRB. 
 
6. Risk/Benefit: 

Risks: 
The physician, nurse and office associate health care providers at each of the QuIIN 

practices will be the primary human subjects for this work.  As the proposal is geared toward 
improving providers’ actions to be consistent with best-practice care, the risk to providers is 
minimal. No individual provider compliance data or diagnostic error data will be recorded.  Only 
aggregated data at the practice level is recorded.  There will be no additional medical risks in 
implementing these procedures as they are all standard of care and we are only working to 
ensure reliable implementation.  Providers may feel discouragement if they are unable to 
reliably perform certain best-practices.  In order to minimize this risk, we will provide constant 
encouragement, utilizing systems focused, blame neutral coaching methodology.  Parents and 
patients will be free to decline any aspect of care as occurs normally in care.  As such, no 
additional risk is posed to the clinic patients.  

There are no foreseeable financial risks to patients as a result of this study. Providers 
could experience a potential decrease in patient volume and therefore financial revenue if their 
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practice is worse than collaborative baseline and this information is made public. Practices will 
sign a non-disclosure agreement regarding all data, and QuIIN has never experienced a data 
breech in 39 prior QIC projects. The research group and QuIIN will work hard to instill this 
understanding of confidentiality into the collaborative. On the contrary, practices could 
experience an increase in revenue if patients appreciate improved care and better diagnostic 
accuracy in their clinics. The financial risks to providers and practices are low. 

 
 

Benefits: 
The potential benefits of this study to the providers include timely and actionable feedback, 

and alerts to help providers better recognize aspects of diagnostic performance in need of 
improvement. Teams will have the opportunity to test strategies for improving care that will 
become a national model, to work with colleagues from around the country, to learn from 
national experts in decreasing the incidence of diagnostic errors, utilize tools to screen for 
adolescent depression, high blood pressure and appropriate follow-up with actionable labs, to 
access practical tools and effective strategies for how to deliver better care, and receive 
ongoing support for improvement. If improvements in care are achieved, the benefits to parents 
and children are also likely to be significant. Teams will also have the opportunity to receive 
coaching from experts in the fields of quality improvement, medical informatics, health IT 
solutions, pediatric hypertension, pediatric mental health and diagnostic errors. Pending 
approval, pediatrician participants may have the opportunity to receive Part 4 Maintenance of 
Certification (MOC) credit if they meet the minimum eligibility criteria.  

Although the subjects are the providers, pediatric patients may benefit from this study by 
being less likely to experience a diagnostic error. 

 
 
7. Data Collection: 

As with any study, we will take significant steps to safeguard all personal health 
information collected.  We will only collect the minimal amount of personal health information 
required as described above. All files will be deindentified and disassociated from practice 
identifiers as soon as the study is complete. All records will be kept in locked offices, on 
password protected computers and in password protected files. Finally, all data submitted to the 
QuIIN QIDA national collaborative will be deidentified to the extent described above. QuIIN, 
using the QIDA software, has performed these activities on multiple prior QIC projects without 
any breaches of confidentiality. The QIDA system is web-based and HIPAA compliant, and 
QuIIN will take responsibility for data security. Only the research team will have access to the 
raw QIDA data, and all data will be kept on password protected computers in locked offices. No 
patient identifiable information is stored in the QIDA database. Project data will be stored for 7 
years in the QIDA system, but once a project closes, only AAP QIDA staff will have access to 
the data. As such the risk of a breach of confidentiality is minimal and the legal risks associated 
with a breach of confidentiality are also be minimal.  
 There will be 6 sets of data submitted to the QuIIN Quality Improvement Data 
Aggregator (QIDA) program.  First, all practices will report demographic data annually, including 
patient volume, number and training level of physician or physician assistant-level providers, 
number of nursing and office staff, university-affiliation, EHR availability, presence of trainees, 
and prior self-reported work aiming to improve these diagnostic errors. This demographic 
practice-level data will not include any PHI, aside from the contact information sought as with 
most project applications initially.  The project application will serve as the first set of practice-
based demographic data and it will be requested 2 additional times.  

Second, each practice will collect data on 1) incidence of adolescent depression 
(number of adolescents diagnosed with depression or subsyndromal depression as defined by 
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the problem list or patient notes per 100 adolescent visits), 2) missed diagnosis of pediatric 
elevated blood pressure (elevated systolic or diastolic blood pressure for age, gender and 
height without provider recognition per 100 elevated blood pressures measured) and 3) delayed 
diagnosis of actionable laboratory results (number of delayed actions, as defined in Table 2, per 
100 abnormal laboratory evaluations received). All of this data will originate from paper or 
electronic patient charts.  For each of the charts screened, the following demographic data will 
also be recorded: age, gender and insurance status. These data will be entered into QIDA 
without patient names or birthdates.  No PHI will be recorded as part of this dataset that will be 
collected monthly.  
 The third set of data submitted will be process measure data for each of the three 
diagnostic errors described in the grant.  These data will be submitted by practices assigned to 
the related diagnostic error while they are actively intervening on that error (i.e. for 8 months the 
group randomized to intervene on adolescent depression will collect process measure data on 
screening for adolescent depression).  The three process measures will be 1) the percent of 
adolescents screened for depression, 2) the percent of children >3 years old receiving blood 
pressure measurement at triage, and 3) the percent of providers with laboratory results unread 
or unacknowledged in their EHR inbox for more than 72 hours. These data will be entered in 
aggregate into QIDA for each clinic monthly and collected via electronic health record or 
practice based paper charting methods in each practice.   
 The fourth set of data collected will be mini-root cause analyses, which identify patient 
and systems level factors that could have contributed to 1 diagnostic error monthly. Each 
practice will examine standardized patient, provider and systems factors that could have led to 
the specific diagnostic errors identified in this grant. These factors could include 1) patient 
factors of age, gender, reason for visit, patient comorbidities, language barriers, acute illness, 
agitation of patient/family, social issues, etc. , 2) provider factors of type of provider, provider 
level of training, provider fatigue/impairment, personal stressors of providers, provider 
disagreements, provider knowledge, provider beliefs about the project or the patient, etc. and 3) 
systems factors of time of visit, clinic milieu during visit (chaotic vs. calm), increased workload, 
staffing concerns, verbal/written communication, computer software or hardware, non-computer 
equipment, etc.. These mini-root cause analyses factors will be collected on paper based forms, 
deidentified and entered into SurveyMonkey. Practices will be encouraged to identify and 
spread lessons learned to all providers in their practices to prevent future errors.  

The fifth set of data collected will be related to providers’ abilities to recognize abnormal 
findings that could relate to the diagnostic errors of interest.  As recognition of abnormal findings 
is key to ultimately making a correct diagnosis, it is important for practices to track and 
understand if their clinicians are appropriately recognizing abnormal results.  These data will be 
obtained by electronic and paper chart review of the same 10-17 charts per month as the 
primary outcome measures noted above.  They will include: 1) Percent of charts with 
documentation of patient’s systolic and diastolic blood pressure percentiles documented in the 
record, 2) Percent of charts with documentation of mental health concerns or exclusion of 
mental health concerns in patient record or 3) Percent of charts with abnormal actionable 
laboratory results noted as “abnormal” in the patient record.  Clinics will only collect these data 
when they are the intervention or control group for a given measure.   

The final set of data will be aggregate data of patients one time during the 2 year 
collaborative to identify the time between when the appropriate information to diagnose the 
patient was available and when the actual diagnosis was conveyed to the family. Practices who 
have intervened on a given error will track 50 patient charts with one of the following metrics: 1) 
time between positive mental health screen and diagnosis of depression or depression 
diagnosis ruled out, 2)  the number of days between blood pressure elevation in the medical 
record and notification of the family, or 3) time between abnormal laboratory result received and 
notification of family., Additionally, we will ask practices to identify, in the same 50 patients with 
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a delayed diagnosis of actionable laboratory results 6 months after the diagnostic opportunity to 
evaluate for emergency department visits, clinic visits, ultimate diagnosis, clinical worsening in 
laboratory values and other patient morbidities. Similarly, we will ask intervention practices to 
evaluate 50 patients whose diagnostic instrument of the PHQ-9M was positive 6 months after 
the diagnostic opportunity to evaluate how many were ultimately diagnosed with depression, 
attended initial mental health appointments and were referred to mental health or were 
diagnosed directly by the pediatrician.. This final set of data will be collected only once between 
12-18 months after the intervention period begins.  

For research and publications that may result from this work, all data will be reported in 
aggregate, and individual and practice data will not be identifiable. If practice data is presented, 
each practice will receive an ID number in the report. Potential publications may include a 
conceptual model of key barriers and potentially useful strategies that emerged from this 
project. No patients or practice staff will be identified in any report or publication about this 
study. Practice names will only be used in the acknowledgement section of any potential 
publication. 
 
Statistical Models: The primary independent variable will be assignment to the control or QIC 
group and the 3 primary dependent variables will be the adolescent depression rate (number of 
adolescents diagnosed with depression per 100 adolescent visits), the missed pediatric 
elevated blood pressure rate (elevated blood pressure not recognized by providers per 100 
elevated blood pressures measured) and the delayed diagnosis of actionable laboratory results 
rate (delayed actions on laboratory results per 100 abnormal laboratory results received). Since 
the individual-level outcome will be binary (missed/delayed diagnosis or not), we will apply 
mixed-effects logistic models for testing the three primary hypotheses during the first study year 
and for testing secondary hypotheses. The clinic-specific intercept will be considered random to 
take into account potential correlations of outcomes from the subjects within the clinics. We will 
test each of the three main effects using a mixed-effects model. All primary and secondary 
analyses will be controlled for potential confounding effects including factors such as baseline 
diagnostic error rates, patient volume, number and training of physician or physician assistant-
level providers, number of nursing and office staff, university-affiliation, EHR availability, 
presence of trainees, and prior work improving these diagnostic errors. 

 
Power Analysis: Assuming a two sided alpha level of 0.05 and >80% power, we calculated the 
effect size we could detect for each of the 3 diagnostic error primary outcome measures, 
comparing the 10-20 intervention practices, given the stepped wedge design, to the 10-20 
control practices using the above models, and the QIC methodology and preliminary data. 1) 
Missed diagnosis of depression: If each practice screens 17 adolescent charts a month, we are 
able to detect an effect size of 2.4% or a reduction in the diagnostic error rate as small as 33% 
(intra-class correlation coefficient (ICC)=0.005). 2) Missed diagnosis of pediatric elevated blood 
pressure: If each practice screens 10 patient charts with elevated blood pressure a month, we 
are able to detect an effect size of 12% or a reduction in the diagnostic error rate as small as 
13% (ICC=0.1). 3) Delayed diagnosis of actionable laboratory results: If each practice collects 
10 patient charts with abnormal laboratory values a month, we are able to detect an effect size 
of 13%, or a reduction in the diagnostic error rate as small as 15% (ICC=0.1). Although we are 
testing three outcomes, we do not correct the alpha level for multiple testing since the study 
subjects will most likely be different across the three outcome comparisons. 
 
 
8. Data Quality Control and Database Management: 
 We will make every effort to minimize data recording errors by checking for outliers or 
abnormal values using frequency tables or graphical tools such as box plots. If noted, we will 
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correct or check the validity of those values and discuss with practices. Although we expect few 
by virtue of randomization, we will examine imbalances between groups with respect to baseline 
practice demographic characteristics and outcome measurements. We will use standard 
statistical methods such as chi-square, Fisher exact, two sample t-tests or Mann-Whitney tests, 
depending on the outcome scale and validity of normal distribution assumptions. If necessary, 
we will apply log-transformations for right-skewed data. We will include variables that are 
significantly different in the above statistical models to control for their potential confounding 
effects. Although we anticipate little missing data based on prior QICs, when noted, we will 
examine reasons for incomplete records. We will analyze available data as the primary analytic 
strategy since mixed-effects modeling is valid for missing at random data. We will also conduct 
sensitivity analyses applying a full conditional specification multiple imputation method which 
can apply to missing not at random data. We will compare results between available data 
analysis and multiple imputations data analysis. 
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