
1

Issue 5 • Volume 4

Multi-institutional collaborative and QI network research

INTRODUCTION
Cardiovascular disease (CVD) is the 
leading cause of death worldwide.1,2 
Hypertension, defined as a sustained ele-
vation in blood pressure (BP), is one of the 
strongest CVD risk factors. Studies have 
demonstrated that childhood elevated BP 
and hypertension persist into adulthood3–5 
because children with a single BP measure-
ment >90th percentile are 2.4 times more 
likely to have an adult BP >90th percentile, and 
preventing pediatric elevated BP could eliminate 10% of 

adult elevated BP.3,5 These data have led to a 
paradigm shift from primary adult preven-

tion to primary and even primordial child-
hood prevention.6,7 Early recognition and 
treatment of the 3.5% of children with 
hypertension8 are essential to decrease 
the substantial adult CVD burden.

Diagnosing hypertension in childhood 
depends first on recognizing elevated BPs, 

which are systolic or diastolic values ≥120/80 
or ≥90th percentile for a child’s age, height, and 

sex.9 Due to this variability, pediatric providers frequently 
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misdiagnose elevated BPs as normal.10–12 Over 50% of pedi-
atric patients with elevated BP were misclassified as having 
normal BP and, therefore, did not receive an appropriate 
provider action.12 Reducing high-frequency but subacute 
diagnostic errors, such as missed elevated BP, is of strong 
interest to pediatricians, but less than a third are involved in 
efforts to reduce missed elevated BP.13

Our objective, via a prospective, stepped-wedge, clus-
ter-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 and sustain reductions while practices refocused on 
reducing other errors. Recognizing a patient with an ele-
vated BP is a crucial first step in diagnosing hypertension, 
and lessons from this project can be broadly applied and 
serve as a foundation for hypertension care delivery im-
provement efforts.

METHODS
As described previously,12,14 Project RedDE (Reducing 
Diagnostic Errors in Pediatric Primary Care) aimed to re-
duce 3 different diagnostic errors in primary care pediatric 
practices in collaboration with the American Academy 
of Pediatrics’ (AAP) Quality Improvement Innovation 
Networks via a QIC. Quality Improvement Innovation 
Networks aims to “improve the quality and value of care 
and outcomes for children and families” via quality im-
provement (QI) networks. QICs are an organized, multifac-
eted approach to QI with (1) a specific topic for improve-
ment with large variation in current practice; (2) clinical 
and QI experts sharing best practice knowledge; (3) mul-
tidisciplinary 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 par-
ticipating teams.15–20 Reducing missed elevated pediatric BP 
was 1 of the 3 errors addressed by Project RedDE’s QIC.

Randomization
Figures 1, 2 describe the randomization and 2 recruitment 
waves in detail. Briefly, in March 2015, we recruited 34 
pediatric practices via email listservs and orientation webi-
nars and randomized them via computer random number 
generator in a nonblinded fashion, to 1 of 3 groups. We 
employed multivariate matching before randomization21 
based on university affiliation, the presence of a self-re-
ported prior record of working to reduce the target di-
agnostic errors, 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 re-
maining 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 these practice’s data in analyses of the other 2 
Project RedDE errors as they submitted data for those 
errors but not BP. Nine additional practices were recruited 
in December of 2015 to increase the size of the cohort and 
similarly randomized via computer random number gener-
ator in a nonblinded fashion. Of these, 2 practices dropped 
out after randomization, but before submitting data, also 
due to data burden; 2 other practices from a single care net-
work merged into one team to boost their practice sample 
size. These 6 “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.

Fig. 1. Project RedDE timeline for missed elevated BP. aPractices were involved in Project RedDE during this time but working ex-
clusively on the 2 non-BP errors. Practices in groups 2 and 3 had already worked to reduce 1 or 2 other diagnostic errors, respec-
tively, before beginning to work on BP errors. bDuring the sustain and maintenance phases, practices began working to reduce a 
second and third diagnostic error, respectively. cWave 2 practices integrated alongside Wave 1 practices, intervening first on Wave 1’s 
second diagnostic error. These practices never intervened on a third diagnostic error. BP indicates blood pressure; RedDE, Reducing 
Diagnostic Errors in Primary Care Pediatrics.
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Study Design
In July 2015, each of the 3 groups was assigned to collect 
retrospective baseline data (February–June 2015) on 1 
of 3 diagnostic errors: missed elevated BP, delayed diag-
nosis of abnormal laboratory values, or missed diagnosis 
of adolescent depression.12 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 diagnostic error. In a prospective, stepped-wedge 
fashion, after 8 months (June 2016), each group began 
to work to reduce a second diagnostic error during a 
second action period, sustain the improvement on their 
first error, and collect control data for the third diagnostic 
error. In February 2017, each group began to work to 
reduce the third error during a third action period, sus-
tain the improvement on their second error, and maintain 

the improvement on their first error with reduced feed-
back and attention on the first error from the larger QIC 
(Fig. 1).

Using this design, each group of practices had a “con-
trol phase” where they collected data on BP errors but 
did not attempt to reduce them, and all but one Wave 2 
group had an “intervention phase” where they actively 
worked to reduce BP errors. Two groups had a “sustain 
phase” where they actively worked to reduce a second 
diagnostic error and sustain improvement on BP errors; 
one group had a “maintenance phase” where they actively 
worked to reduce 2 other diagnostic errors and maintain 
improvement on BP errors.

Intervention
The primary intervention was a QIC. Each practice identi-
fied a 3-person QI team consisting of a physician, a nurse, 
and another professional (eg, administrator, business as-
sociate, front desk staff). After completing baseline data 

Fig. 2. Modified consort flow diagram for stepped-wedge trial. One practice in group 2 incorrectly entered control data. Their inter-
vention data were included.
*One practice in Group 2 incorrectly entered control data. Their Intervention data was included.
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collection, teams participated in a 2-day video confer-
ence where they learned and practiced QI methodology 
and diagnostic error-specific content. Although all teams 
participated in the QIC video conference, only the teams 
about to intervene on missed elevated BP received infor-
mation 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 standard-
ized patient and systems factors that could have led to this 
error.22,23 Teams focused their video conferences and mini-
root causes analyses on missed elevated BP while in the BP 
intervention phase. The other 2 groups focused on other 
errors. Each practice had a QI coach provided by the pro-
ject, and each group had an interactive email listserv and 
group-specific website with project resources. Day-long 
video conference learning sessions were conducted every 
8 months as practices transitioned to working on a new 
diagnostic error (Fig. 1). When practices were working on 
their second diagnostic error, monthly video conferences 
provided transparent data feedback in the form of run 
charts from both their first and second diagnostic errors. 
When working on their third diagnostic error, monthly 
video conferences presented data from both their second 
and third diagnostic errors, 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 nonlearning ses-
sion month, 1 hour for team QI meetings, and 1 hour for 
data entry and collection. Also, practices spent time devel-
oping and implementing changes, including new tools and 
workflows, where time spent cannot be easily estimated.

Project leadership developed a BP “change package” to 
help teams with (1) implementing a uniform BP measure-
ment and screening process; (2) using systematic tools to 
identify patients with elevated BPs quickly; and (3) help-
ing providers know, perform, and document appropriate 
actions when BPs were elevated. Each of these 3 domains 
had associated tools for improvement based on the United 
States’ National Heart, Lung, and Blood Institute9 and the 
AAP6 hypertension guidelines. To ensure staff employed 
the correct BP measurement technique, we used videos 
and instructional tools to teach providers how to position 
patients, choose the right cuff, and obtain BP measure-
ments.24,25 As over half the participating teams were on 
the Epic electronic health record (EHR) platform (Epic 
Systems, Verona, WI); Epic pre-built tools (dot phrases) 
were shared and encouraged, such as “.bpfa” to automat-
ically include BP percentiles in medical documentation. 
Non-Epic practices worked with their EHR vendor to in-
corporate similar tools and/or used available spreadsheets 
or smartphone apps to identify elevated BPs. Other tools 
included pocket BP guides, reminder posters for correct 

processes, visual cues such as heart magnets on patient 
doors when a repeat BP measurement was needed, and 
patient education materials. Finally, we shared informa-
tion about diagnostic coding, billing tips, and recom-
mended follow-up actions. All of 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.26

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 diagnostic error measure were patients 3 years old or 
older 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 mm Hg systolic or 80 mm Hg diastolic 
pressure at any age.9 The primary outcome measure was 
the number of patients with an elevated BP with an ap-
propriate action taken by the provider per 100 patients 
with elevated BP. This provider “appropriate action” con-
firms that a diagnosis was made because 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 (eg, pediatric car-
diologist or nephrologist), and/or (d) laboratory or radi-
ologic 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. Definitions of “appro-
priate actions” were necessarily broad as the study relied 
on front-line clinicians with limited time to collect data. 
A research-team chart review was beyond the scope of 
this work.

A secondary measure was the number of children with 
an elevated BP in whom the provider documented that 
the BP was elevated or documented an appropriate action 
as described above per 100 patients with elevated BP. 
This measure expands the primary outcome measure to 
include times when a pediatrician may recognize an ele-
vated BP but intentionally or unintentionally not take a 
recommended action. For example, a provider may not 
take appropriate action with a patient with known white 
coat hypertension. Another secondary outcome measure 
included the number of elevated BP patients in whom the 
provider documented sex-, height-, and age-specific BP 
percentiles, an essential step in recognizing an elevated 
BP.9 This was important because pediatricians face chal-
lenges in interpreting normal versus abnormal BP values.11 
Practices examined the first 10 patients each month who 
met inclusion criteria for the BP diagnostic error. If prac-
tices had less than 10 eligible patients in a given month, 
they entered all data available.

As a process measure, practices were asked to docu-
ment the percent of patients older than 3 years of age 
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attending health supervision visits who had their BP 
measured. Once practices demonstrated >90% compli-
ance with the process measure for 2 consecutive months, 
they were exempt from reporting this measure.

Practices were taught to measure definitions via mul-
tiple 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.27 Practice demographics, in-
cluding items such as university affiliation, previous work 
on these errors, clinic and patient demographics, and QI 
skill, were identified via a 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 
elevated BP with an appropriate provider action taken 
per 100 patients with an elevated BP between the inter-
vention and control phases. The primary outcome effect 
measures are presented as model-based estimates of risk 
differences (RDs). We applied generalized mixed-effects 
logistic regression models adjusted for age, sex, insurance 
status, and wave with month-specific and practice-spe-
cific intercepts considered random, whereas age, sex, 
and insurance status were considered fixed. We excluded 
patients with incomplete demographic data from the final 
analysis. Power analyses were revised based on Wave 1 
baseline data error rates.12 The minimally detectable RD 
effect size between control and intervention phases with 
>80% power at a 2-sided significance level = 0.05 was 
≥9.1%. Similar models examined secondary outcomes 

and differences between the primary outcome in the in-
tervention and sustained phases, and sustain and main-
tenance phases (Fig.  1). The latter investigated whether 
practices could sustain and/or maintain improvements 
while working on other diagnostic errors. Intervention 
versus control phase patient demographics and ele-
vated BP actions taken were tested with Chi-square tests 
without clustering. We additionally examined aggregated 
primary and secondary outcomes using statistical pro-
cess control p-charts, with Nelson Rules35. signifying 
changes.  The intervention’s initiation was adjusted, so 
each group began the intervention on “month 1.”  Small 
multiple p charts identified trends across groups and var-
iation between clinics We completed all data analyses 
with SAS v9.3 (SAS Inc., Cary, NC, USA). This study was 
approved by the AAP’s and the Albert Einstein College of 
Medicine’s Institutional Review Boards.

RESULTS
Demographics of the 30 practices included in the primary 
analysis are presented in Table 1. Data on 1,728 patients 
were available for the control phase and 1,834 patients 
for the intervention phase (Fig.  2). We excluded 140 
patients (3.9% of total patients) from the final analysis 
due to missing insurance data. Complete patient demo-
graphics are presented in Table 2.

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 

Table 1. Demographics of Analyzed Practices at Baseline: N (%)

Characteristic Group 1 Group 2 Group 3 All

No. practices 11 10 9 30
University affiliation 7 (64) 5 (50) 5 (56) 17 (57)
Previously worked “a lot” on 1 of the 3 errors of interest, percent yes 5 (45) 5 (50) 4 (44) 14 (47)
Total annual visits per full-time physician or physician extender equiv-

alents, mean (SD)
3,172 (1,274) 3,399 (1,671) 4,863 (2,863) 3,755 (2,059)

Patient demographics percentage, mean (SD)     
        White, non-Hispanic/Latino 43 (22) 28 (10) 40 (21) 37 (19)
        Hispanic/Latino origin 20 (20) 31 (18) 18 (7) 23 (17)
        Black/African American 32 (19) 31 (22) 25 (17) 29 (19)
        Asian 3 (3) 5 (4) 4 (3) 4 (3)
        Native Hawaiian/other Pacific Islander — 1 (3) 0.1 (0.3) 0.4 (2)
        American Indian/Alaska Native — 0.5 (1) 0.3 (0.5) 0.3 (1)
        Other 2 (5) 4 (6) 13 (13)‡ 6 (9)
Team’s quality improvement skill and knowledge at project enrollment, 

(%)
    

        Very knowledgeable — 1 (10) 1 (11) 2 (7)
        Knowledgeable 6 (55) 5 (50) 7 (78) 18 (60)
        Somewhat knowledgeable 5 (45) 4 (40) — 9 (30)
        Not knowledgeable — — 1 (11) 1 (3)

All practices used an electronic health record. Data on practices that dropped out of the study are not available because they did not submit any data.
*Two practices in this group had a large Somali population.
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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; Table 2).

Practices continued to improve comparing the interven-
tion and sustain phases (RD, 5.2%; 95% CI, 1.5%–8.9%; 
P = 0.006) and neither worsened nor improved compar-
ing the maintenance and sustain phases (RD, 0.9%; 95% 
CI, −4.7% to 6.6%; P = 0.743; Table 3).

The Supplemental Figures (available at http://links.
lww.com/PQ9/A134 and http://links.lww.com/PQ9/
A135) demonstrate a significant shift that began with the 
first intervention month and a second shift that began 
with the sixth intervention month for the primary out-
come. Variation is observed in the small multiples p charts  
between and within groups, with some clinics still not at 
80% for the primary outcome by the conclusion of the 
intervention and some at 80% in the baseline period.

Secondary outcomes demonstrated an increase in doc-
umentation of elevated BP or appropriate action taken 
(RD, 14.0%; 95% CI, 10.3%–17.7%; P < 0.0001) and an 
increase in documentation of BP percentiles (RD, 20.1%; 
95% CI, 16.2%–24.1%; P < 0.0001) comparing the inter-
vention versus control phases. Documentation of elevated 
BP or “appropriate action taken” continued to improve in 
the sustain phase but not the maintenance phase, whereas 

documentation of BP percentiles improved in both sus-
tain and maintenance phases (Table 3). More than 90% 
of practices successfully met the process measure of meas-
uring BP in >90% of patients 3 years old or older by the 
second month of their intervention phase.

DISCUSSION
In one of the first cluster-randomized, stepped-wedge tri-
als to address diagnostic error, a national QIC interven-
tion increased recognition of elevated BP in primary care 
pediatrics by 28% from baseline; an increase that was sus-
tained for 16 months even when practices began focusing 
QI efforts elsewhere. Practices were also able to improve 
the documentation of BP percentiles in their EHR, a key 
first step in recognizing a child has elevated BP. Practice 
retention was high following initial attrition due to data 
collection burden. This QIC strategy can potentially serve 
as a model for future diagnostic error reduction research 
and implementation initiatives in other clinical domains.

Although missing elevated BP is not immediately dan-
gerous, this error is high frequency12; primary care pedi-
atricians would like to see it prioritized13; and it eventu-
ally takes a significant toll on pediatric and adult health.6,7 
Reducing common and potentially harmful errors through 

Table 2. Demographics of Included Patients and Actions Taken on Patients With Elevated BPs in Primary Analysis

Control Intervention Total P*

Demographics     
        Total no. patients with elevated BP 1728 1834 3562  
         Age (3–9 y)† 50.4% 53.6% 52.0% 0.052
         Female 48.4% 48.0% 48.2% 0.838
         Private insurance‡ 27.6% 25.4% 26.5% 0.146
Actions taken on patients with elevated blood pressure     
        Total patients with actions taken 969 1366 2335  
        BP rechecked and documented 74.6% 83.7% 79.9% <0.001
        Plan to recheck the BP at a future visit 21.6% 26.7% 24.6% 0.004
        Referred to a specialist 6.5% 2.9% 4.4% <0.001
        Laboratory or radiologic studies 6.7% 7.0% 6.9% 0.764
        Multiple actions 8.5% 17.1% 13.5% <0.001

*Differences tested with Chi-square tests without clustering.
†This is the proportion of patients in this age range. Patients 10 years old through 22 years comprise the rest of the patients.
‡One hundred forty (3.9%) patients had missing insurance data and were excluded from primary analyses.

Table 3. Primary and Secondary Outcome Results

Outcome Comparison Total N
Model-Based 
Percentages

Risk Difference  
(95% CI) P

Primary outcome      
        Patients with either elevated systolic or dia-

stolic BP who received an appropriate 
action

Intervention versus control 3,422 73.5% versus 57.6% 16.0% (12.3%–20.0%) <0.0001
Sustain versus intervention 2,844 80.8% versus 75.6% 5.2% (1.5%–8.9%) 0.006
Maintenance versus sustain 1,635 82.9% versus 82.0% 0.9% (−4.7% to 6.6%) 0.743

Secondary outcomes      
        Patients with either elevated systolic or 

diastolic BP in whom the provider docu-
mented that the BP was elevated or took 
an appropriate action

Intervention versus control 3,422 74.3% versus 60.3% 14.0% (10.3%–17.7%) <0.0001
Sustain versus intervention 2,844 81.8% versus 77.0% 4.8% (1.2%–8.5%) 0.009
Maintenance versus sustain 1,635 85.9% versus 82.4% 3.5% (−2.2% to 9.3%) 0.226

        Patients with either elevated systolic or 
diastolic BP in whom the provider docu-
mented BP percentiles

Intervention versus control 3,422 93.1% versus 73.0% 20.1% (16.2%–24.1%) <0.0001
Sustain versus intervention 2,844 97.2% versus 92.3% 4.8% (2.1%–7.6%) 0.001
Maintenance versus sustain 1,635 100% versus 93.9% 8.3% (3.3%–13.4%) 0.001

Fitted by generalized mixed-effects model with potential clustering effects of practices and months taken into account; adjusted for age, sex, insurance, and wave. One 
hundred forty patients with missing data were excluded from analyses.
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collaboration, data benchmarking, QI coaching, and mini-
root cause analyses offers one possible path for diagnostic 
errors, where few interventions focus on pediatric and am-
bulatory patients.28 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 is comparable to previous 
QIC results,19 especially when considering studies with a 
comparable initial prevalence of errors.29 QICs are often re-
source intensive, and Project RedDE demonstrates a bench-
mark for what practices across the country can achieve 
with dedicated focus and collaboration. The low attrition 
rate once practices were able to demonstrate data collec-
tion capacity (1 out of 31 practices) suggests the burden 
of participating and working to improve these errors was 
not overwhelming, and practices found value in this work

A common challenge identified by practices was using 
EHR systems designed for adults with pediatric patients. 
Although many of the practices’ EHRs would flag “ab-
normal BPs,” alerts were often based on adult norms rather 
than pediatric values. Lack of pediatric-specific content in 
EHR systems is well recognized and impacts the quality of 
pediatric care.30,31 A focus on pediatric-specific EHR con-
tent, coupled with the evidence provided through Project 
RedDE, enabled many practices to work with vendors to 
introduce pediatric-specific BP percentiles and alerts. Our 
work suggests the importance of requiring EHR vendors to 
utilize pediatric-specific ranges and norms, despite the ap-
preciably smaller pediatric healthcare population.32,33 Also, 
practices modified note templates to prompt providers to 
acknowledge abnormal BP percentiles so that clinicians 
could take appropriate actions.

Pediatric BP measurement is a key area for interven-
tion,34 which was not specifically measured by this work. 
Many staff were unaware of the limitations of oscillome-
tric automated BP measurement devices, and of the im-
pact that incorrect patient preparation and positioning 
has on BP measurement.9 Lack of adherence to essential 
preparatory steps is likely widespread and has appreci-
able implications regarding the diagnosis of elevated BP 
in children. During the control phases, inappropriate BP 
measurement likely led to false-positive elevated BP mea-
surements, and meaningless alerts likely contributed to 
alert fatigue.32 Anecdotally, many practices reported fewer 
patients with elevated BP once staff were better trained 
at measuring BP and therefore had fewer false-positive 
alerts. Additionally, a smaller percentage of patients were 
referred to specialists in the intervention phase, poten-
tially suggesting decreased unnecessary healthcare utiliza-
tion for false-positive elevated BP measurements.

The study has several limitations. Practices enrolled in 
a QIC are likely not representative of all practices given 
heightened interest in errors and QI, and we are unable to 
comment on practices that received recruitment emails or 

attended orientation webinars but did not choose to par-
ticipate. Further, appropriate actions for elevated BP were 
purposely broad, suggesting that some actions would be 
considered insufficient or incorrect if examined more 
closely. These biases may contribute to an underestima-
tion of true diagnostic error rates in the Project RedDE 
cohort when compared with other practices. This study 
was able to focus only on the first step in the hypertension 
diagnostic process, diagnosing an elevated BP.

Further, 11 of the 43 practices randomized withdrew 
due to data collection burden before attempting to change 
their clinic processes. It is unclear if easier data collection 
would have reduced this attrition rate. Demographics data 
or any BP measures were not submitted by practices that 
dropped out, and therefore, an intention-to-treat anal-
ysis or comparison between participating and nonpartici-
pating practice demographics was not possible. Similarly, 
no BP-specific balancing measures were collected because 
of the concern that practices would be overwhelmed with 
data collection burden.

Additionally, no direct chart review verifications were 
performed so there could be variability in the application of 
data definitions. The research team answered questions and 
shared clarifications regarding data collection. Finally, prac-
tices were asked to evaluate the first 10 patients’ charts that 
met inclusion criteria monthly. Although this is not a ran-
domized assignment, it does reduce the potential for biased 
chart sampling when compared with convenience samples.

CONCLUDING SUMMARY
Implementation of a QIC in a national group of pedi-
atric practices reduced missed diagnoses of pediatric el-
evated BP and sustained that reduction. Future work 
should focus on using similar approaches to improve the 
diagnosis of pediatric hypertension and quantify patient 
outcomes.
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