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Abstract

Background: Though clinical practice guidelines are available, the diagnosis of pediatric hypertension (HTN) is
often missed. Management may not follow guidelines due to the measurement challenges in children, complexity
of interpreting youth blood pressure standards that are dependent on height, age, and sex, familiarity with
diagnostic criteria, and variable comfort with management of pediatric HTN among providers. Evidence suggests
that wide adoption and adherence to pediatric HTN guidelines would result in lower cardiovascular disease and
kidney damage in adulthood. The proposed project will develop an implementation strategy package to increase
adherence to clinical practice guidelines for pediatric HTN within safety-net community health centers (CHCs). The
centerpiece of which is a provider-facing population panel management (PPM) tool and point-of-care clinical
decision support (CDS). Prior research indicates that multiple discrete implementation strategies (e.g., stakeholder
involvement, readiness planning, training, ongoing audit and feedback) are needed to institute practice- and
provider-level adoption of such tools.

Methods: Using participatory research methods involving stakeholders from a practice-based research network of
CHGs, with input from scientific advisors, the project aims to (1) employ user-centered design methods to tailor an
existing CDS tool for use at the point of care and optimize cohort management with a PPM tool to support
adherence to the latest pediatric HTN guidelines, and (2) use a stakeholder-driven method for selecting
implementation strategies that support tool adoption and increase guideline-adherent physician behaviors.
Multilevel process evaluation using surveys and key informant interview data will assess the acceptability, adoption,
appropriateness, cost, and feasibility of the PPM tool and its multicomponent implementation strategy package.
Usability testing will be conducted with the PPM tool to iteratively refine features and ensure proper functionality.
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Discussion: The proposed research has the potential to improve identification, diagnosis, and management of HTN
in primary care settings for high-risk youth by assisting healthcare providers in implementing the American
Academy of Pediatrics’ 2017 guidelines using an EHR-integrated PPM tool with CDS. Should the strategy package
for PPM tool adoption be successful for pediatric HTN, findings will be translatable to other settings and PPM of
other chronic cardiovascular conditions affecting overall population health.
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variable familiarity with managing pediatric HTN among
pediatric healthcare providerslig].

A recent study in community health centers in the
Chicago area found only 6.1% among 1478 children (age

3 and < 18years) who met criteria for abnormal BP
based on BP values from clinical encounters recorded in
the electronic health record (EHR)}were correctly diag-
nosed [L9]. Evidence suggests that wide adherence to the
HTN guidelines would result in lower risk for target

Contributions to the literature

The OpTIMISe—Pediatric Hypertension Study protocol
involves a stakeholder-driven approach for the design of
health information technology tools to support guideline-
adherent care of pediatric hypertension, an underdiagnosed
condition with significant health disparities, as well as the

development of a multicomponent implementation strategy

to support uptake by pediatric providers.

This protocol is unique in its use of user-centered design
and stakeholder-engaged methods in the implementation
preparation phase and its focus on both population-based

organ damage to the heart and the kidneys and HTN-
related cardiovascular disease in adulthodd/]. There is

a pressing need for effective implementation strategies
to ensure adherence to the pediatric HTN guidelines in

primary healthcare systems, particularly those that serve
high rates of children and adolescents at greatest risk for
HTN due to the health disparities associated with obes-
ity and or low birth weight R0-22].

and point-of-care health information technology strategies
to support implementation.

This study is conducted in safety-net community health cen-
ters serving socioeconomically disadvantaged children who

are at high risk for cardiovascular disease.

Pediatric HTN and co-occurring cardiovascular conditions

are a public health concern

In the USA, nearly 1 in 9 children exhibit serious cardio-
Background metabolic symptoms, including HTN, type 2 diabetes,
Target organ damage, especially left ventricular hyper-nsulin resistance, non-alcoholic fatty liver disease,
trophy associated with heightened risk for cardiovascularasthma, and obstructive sleep apnea, all of which accel-
events in adults, is detectable in youth with primary erate the risk for cardiovascular disease and mortality
hypertension (HTN) [, 2]. Risk factors for adult HTN [23]. Additionally, cardiometabolic risk factors in youth
and concomitant target organ damage from HTN have tend to cluster P4]. Both the Bogalusa Heart4] and
been shown to begin in childhood3-5]. Hypertensive Fels Longitudinal §] studies clearly demonstrated that
children are more likely to have adult hypertension and greater numbers of individual elevated BP measurements
metabolic syndrome %, 6]. Primary prevention is critical in childhood confer increased risk of adult HTN. Two
given estimates that almost 10% of HTN in adults could recent cross-sectional studies further indicate that target
be prevented if high blood pressures (BP) in childhoodorgan damage is also detectable in adolescents with pre-
were recognized and treated7+10]. The need to diag- HTN as well as HTN P5, 26].

nose and manage HTN is further magnified due to in- About 3% of the general population has HTN, while
creasing rates of childhood obesityl ]-13] that indicate  about 25% of youth with obesity (BMI 95"%) have
disproportionate effects on those who are disadvantagedHTN [27]. A study examining childhood HTN and over-
economically and socially 14-16]. Guidelines for weight/obesity in school children saw that 2.2% of the
pediatric HTN were issued by the American Academy of sample had HTN, and 37% of HTN cases could be at-
Pediatrics (AAP) in 2017 I7] yet the diagnosis of tributed to overweight/obesity 28]. In a meta-analysis
pediatric HTN is often missed, and management mayexamining cardiovascular risk factors, compared with
not follow the guidelines due to the complexity of inter- normal weight children, systolic BP was higher by 4.54
preting youth BP standards, diagnosing HTN, and mmHg (99% confidence interval 2.44 to 6.64= 12,169,
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8 studies) in overweight children, and by 7.49 mmHg typical practices. Management of suspected HTN based
(3.36 to 11.62;n = 8074, 15 studies) in children with on the new guidelines further requires a 24-h ambula-
obesity R9]. tory BP study as well as an echocardiogram, but most

Additionally, the economic impact of pediatric HTN is general pediatric clinicians do not have such resources
substantial. There is evidence that elevated BP amongasily available to them, requiring referral to specialists.
children is associated with higher care costs: in a cohortLast, most clinicians caring for children are unfamiliar
of children and adolescents aged 3 to 17 years who rewith pharmacologic management of HTN-again requir-
ceived preventative care services in two states, youtlng a referral to a sub-specialist. As a result, abundant
with HTN had significantly higher annual health care evidence indicates that pediatric HTN is
costs ($1972 average) than those with normal BP ($736)nderdiagnosed.
or pre-HTN ($945), after adjusting for body mass index
[30]. The 2017 AAP guidelines for pediatric HTN are

challenging to implement

Cardiovascular health is an indicator of health disparities The newest guidelines for clinical care of pediatric HTN
According to the most recent estimates from the 2045 [17] (referred to in the guidelines as elevated BP) has 30
2016 National Health and Nutrition Examination Survey, Key Action Statements and 20 Tables for clinicians to
18.5% of all 2- to 19-year-old youth are obese and that ainderstand and implement, making it very difficult to
disproportionate number are disadvantaged economic-satisfy at a single office visit in which a BP reading may
ally and socially 31]. Obesity and its cardiovascular be above a reference threshold. As a result, many studies
health consequences are disproportionately distributedshow primary care providers are not adherent, particu-
across the USA; Mexican Americans, American Indians,larly related to screening and identification of abnormal
and African Americans have the highest prevalence rate8P [L6, 40]. To reiterate, challenges of the latest guide-
[32-35]. Low-income youths bear the burden, with risk lines include calling HTN*“elevated blood pressutgeand
factors at family and neighborhood level86, 37]. Stress the issues presented in Figd.
and discrimination, both acutely experienced by minor-
ity and low-income communities in the USA, have been Health information technology to increase guideline
linked with cardiovascular health38]. To address this, adoption and adherence
effective implementation of best practices for preventive This project focuses on optimizing cohort management
care and chronic disease management is needed iwith a population panel management (PPM) tool and

safety-net health systems. tailoring an existing clinical decision support (CDS) tool
for use at the point of care. PPM tools consist of a pri-

Pediatric HTN is underdiagnosed with incomplete mary care practitioner or staff identifying patients who

management have unmet preventive and chronic care needs using

Unlike the definition of adult HTN, which is linked to a panel-based health information technology tool41]. At
single BP level, pediatric HTN until age 13 is dependentthe point of care, CDS can then provide reminders and
upon multiple factors, including age, gender, and statureprompts to assist providers in managing their patiést
[17]. Knowledge of the threshold values for acceptableconditions, such as cardiovascular disease, obesity, or
BP recordings up until age 13 is therefore dependent onHTN. Immunizations are prototypic of a successful CDS
the clinician taking the BP reading and finding the cor- system g2].
responding BP or HTN category for that child. Diagnosis In the scope of single encounter, it is challenging for
of HTN is further dependent upon taking multiple BP providers to review all historical data to make an accur-
readings, whose interval of repetitive measurements isite diagnosis. One of the values of a PPM tool is the
dependent upon the initial readings themselves. Aboutability to visualize data for a panel. As such, PPM tools
48.2% of stage | HTN diagnoses are correct, and onlyould remind clinicians to schedule visitslff] and help
35.0% of stage Il HTN diagnoses are corre89]. Thus, clinicians identify children who merit a BP re/measure-
follow-up appointments must be carefully coordinated ment [17]. A real-time alert tool embedded in EHRs,
to assure accuracy. along with provider education, has been shown to in-
The ideal methods of BP recording require having the crease recognition of elevated BP in childredd, and
patient in a quiet room, sitting, and without verbal inter- providers are more likely to correctly abide by the mul-
actions [L7]. The majority of BP readings performed in tiple BP readings protocol and order appropriate tests
an office setting initially use an oscillometric device that when CDS is availabledf]. In a randomized trial, there
is often inaccurate compared to a mercury-based sphygwas a significantlyd < .001) higher rate of correct iden-
momanometer [L7]. These specifications place a high tification of patients with HTN (54.9%) among clinics
burden on pediatric clinicians and their assistants in with CDS compared to clinics with none (21.3%%4].
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1. Proper management of an “elevated BP” diagnosis requires a number of sequential visits,
and patients could be lost to follow-up depending on clinic processes

2. The guidelines require specific clinic protocols for measuring BP based on the specific
algorithms

3. Clinic personnel must know what actions to take if the patient exhibits a high BP
measurement

4. For patients <13 years, HTN is based not only on a specific BP level, but also on age and
height, and thus abnormal values are harder to interpret than teen and adult levels, which do
not have such modifiers

5. While short-term effects of pharmacotherapy are known, there is little evidence about long-
term impact and there is no universal recommendation for lifestyle or pharmacologic
intervention or sufficient randomized trials to guide the clinician as to optimal management
strategies. Thus, it appears that interventions are highly dependent on availability, clinician
knowledge, and patient preferences

Fig. 1 Challenges for implementing current AAP guidelines for youth hypertension

Despite these opportunities, implementation of eHealth will use a low-cost adaptationd0] of the Expert Recom-

tools for PPM and CDS are affected by the technologymendations for Implementing Change (ERIC) protocol

itself, the inner and outer setting characteristics, and in- [51, 52|, consisting of a panel of stakeholders and key im-

dividual health professionalsreadiness to change4p]. plementation leaders, to identify an initial implementation

Addressing these challenges merits rigorous implemen-strategy package comprising feasible, discrete strategies

tation research and forms the basis of this project. for the adoption of the PPM and CDS tools and the guide-
Adoption of and adherence to the guidelines for lines starting from the four broad strategy types identified

pediatric HTN would improve all aspects of underrecog- by systematic review: stakeholder involvement, readiness

nized and inconsistently managed condition that con- planning, training, and ongoing audit and feedbackq.

tinues to rise amidst the childhood obesity epidemic.

The complexity and variation in practice of these guide- Methods

lines implies that their adoption hinges on effective im- Study aims

plementation. PPM tools are a promising strategy thatAim 1: Employ user-centered design methods to refine

has yet to be evaluated in this context. To speed discovhealth information technology tools that address multilevel

ery of an effective practice, data- and stakeholder-drivenimplementation barriers

development of new tools and multicomponent imple- With a stakeholder panel (e.g., pediatric providers, prac-

mentation strategies is needed. tice managers), led by the project team and with input
The overarching aim of the proposed project is to de- from an external scientific advisory board, we will em-

velop and then optimize an effective and feasible imple-ploy a user-centered design (UCD) approach3[ 54] to

mentation strategy package to increase adherence tdailor an existing CDS tool for use at the point of care

clinical practice guidelines for pediatric HTN diagnosis and optimize cohort management with a PPM tool, spe-

and management and to understand contextual barrierscifically to support adherence to the AAP guidelines for

and facilitators. We will target children beginning at age 3, pediatric HTN and meet the needs of stakeholders.

when the AAP guidelines indicate onset of universal

screening 17]. Prior research indicates that multiple spe- Aim 2: Develop a multicomponent implementation strategy

cific implementation strategies are needed to institute package

practice- and provider-level adoption of PPM, CDS, andUsing the adapted ERIC process, a community stake-

similar health information technology tools47-49). We holder panel, again with input from our scientific
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advisory board, will develop the initial implementation process of the stakeholder panel meetings for PPM im-
strategy package to address known and probable barrierplementation strategy development by first eliciting
to adoption of the tool and its effectiveness in changingmembers perspectives “{n-reach’) and then sharing
guideline-relevant physician behavior related to identifi- findings as they emerge“gut-react’). The initial out-
cation and diagnosis of HTN. Health economic methods reach step begins by connecting the research team with
[55 will be used to evaluate the budget impact of the the members of the stakeholder panel to respectfully

proposed development activities. and actively promote communication and engagement.
The research team will elicit information regarding the
Study design needs and knowledge gaps from these diverse stake-

The proposed project involves three primary entities: holder advisors, which in-turn forms thein-reach In
Northwestern University Feinberg School of Medicine, particular, the team will leadin-translation of stake-
Lurie Children's Hospital of Chicago, and AllianceChi- holder needs and implementation gaps into scientific re-
cago Community Health Services. Within AllianceChi- search/scientific concepts, which then guides the
cago are four CHC organizations in the Chicago arearesearch team in framingout-translation. The research
that have a long history of involvement in research andteam shares quantitative and qualitative findings with
practice change initiatives using the AllianceChicdgo the stakeholder panel viaut-reach—bringing together
shared health information technology infrastructure. academic-stakeholder knowledge as recursive OIllIO cy-
These organizations have more than 40 total clinicscles iterate over the project period.

(range: 9 to 17 clinic locations per organization) and

serve predominantly racial/ethnic minority patients (49% Implementation preparation (study months [M] 412)

Black; 37% Hispanic/Latino; 4% Asian; 8% Non-HispanicThe current project consists of the development and
White; 2% Other) with 83% of patients below 100% ofplanning activities prior to testing the implementation
the poverty line and 25% uninsured. The demographicsstrategy and the PPM tool with pediatric patients in a
of these patients align with the health disparities in subsequent study.

HTN per epidemiologic data 27).

The proposed study uses a community-engaged imple-Recruitment and composition of the stakeholder panel
mentation research approach with a user-centered,The stakeholder panel, comprising 6 to 10 members
stakeholder-driven approach when developing the PPMfrom four CHC organizations, will be recruited in M1 in
and CDS tools for pediatric HTN and the implementa- collaboration with the leadership of each participating
tion strategy package. We focus on the impact of specificorganization and through presentations and individual
implementation strategies on provider behaviors as thiscontacts by research staff. Members will be primarily
is consistent with the purpose and targets of the AAP practitioners who see pediatric patients, including physi-
guidelines for pediatric HTN. The link between these cians, advanced practice providers, and nurse practi-
provider practices in the guidelines and the clinical tioners; those with clinical leadership roles (e.g., chief
benefit to children was determined by the AAP when medical officer) will also be eligible.
specifying the guidelines, based on the best available evi-
dence [L7]. The implementationprocesss guided by the Tailoring the PPM and CDS tools for pediatric HTN and AAP
adapted ERIC protocol §0] and the recommendations guidelines
of Ross et al.46]; assessment ofleterminants(barriers This phase will utilize UCD procedures tailoring an
and facilitators) is guided by the Consolidated Frame-existing CDS tool for use at the point of care and
work for Implementation Research (CFIR)56]; and optimize cohort management with a PPM tool (devel-
evaluation ofoutcomesis guided by the Proctor et al. oped by Health Catalyst) already in use within Alliance-
[57] taxonomy. Chicago for adults with diabetes, HTN, HIV, and

Drawing on principles of community-based participa- Medicare chronic care management. UCD is an iterative
tory research $8 and NHLBI-endorsed community- development process involving multiple cycles of evalu-
engaged implementation research method$9], this ation and refinement of prototypes through deep en-
project follows the Out-reach, In-Reach, In-Translation, gagement with relevant stakeholders 61].
and Out-Translation (OIIO) model BQO] (Fig. 2), devel- AllianceChicago is well-versed in UCD procedures for
oped by Co-Author Davis §0], to ensure a strong health information technology tools. To facilitate en-
process of engagement with our partner CHC partnersgagement, the stakeholder panel will convene for a 2-h
and community stakeholders by ensuring a bi- co-design workshop in M2 and M4 to discuss and pro-
directional and recursive process of engaging communityvide feedback on the tailoring of the PPM and CDS
stakeholders in the development and evaluation activitiegools' initial features, functions, and required data inputs.
in the proposed project. The OIIO model will guide the The initial design will be used to start another cycle of
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Fig. 2 OIllO Stakeholder Engagement Model

co-design workshops. We anticipate that the majority of AllianceChicago infrastructure, patient and provider data
adaptation changes will happen within the first three it- for PPM will need to be specified for each organization.
erations pb4]. Thus, we plan to conduct at least three it- Once the PPM and CDS tools are installed, the 10 par-
erations of UCD meetings (four are planned; M3-M6) to ticipants will engage in the same usability procedure and
ensure we capture all the major adaptations for the PPMassessment once again. All major problems identified
tool while adhering to the AAP guidelines. during both usability tests will be fixed prior to testing
As features and functions are identified by the stake-the tool in practice in a subsequent study.
holder panel, AllianceChicago will begin to build the
tools (M3-M7). This is followed by two phases of usabil- Developing and piloting the implementation strategy
ity testing, performed following the same procedures. In package for the health information technology tools
M7-M8, 10 participants from participating CHCs will The standard practice when AllianceChicago imple-
evaluate the tools for 30 min in lab-based usability test-ments a new health information technology feature is to
ing. Ten participants are typically required to identify activate the associated EHR tools, provide written in-
95% of usability problems 62]. Participants will be structions and webinars that explain the tool to its mem-
videotaped while using dthink aloud” framework as bers, and email members to alert them that new tools
they use the tools to complete a set of basic use taskare in place. A large body of research suggests that such
[63]. At the conclusion of the testing session, partici- strategies alone without commensurate site-level train-
pants will complete a modified version of the System Us-ing are unlikely to result in efficient and complete adop-
ability Scale 4] to assess the technology and will be tion of the PPM and CDS tools46], and even intensive
asked to engage in brief user feedback interviews tdraining is insufficient to achieve high rates of adoption
identify (1) if user goals were met, (2) if any problems orand use of such tools4g]. This study will develop a
difficulties were encountered, and (3) suggestions for im-packageof implementation strategies (often referred to
provements. Following lab-based usability testing of theas a toolkit) to support uptake of the tools and use with
tools, there will be an integration period with each of fidelity.
the CHC organizations EHR systems and functionality = We propose to follow the protocol of Go et al5)], a
testing (M9-M10). Although the tools will be the same pragmatic adaptation of the ERIC protocobl, 52, 65].
across all organizations because of the sharedn M5, the stakeholder panel will begin to develop the
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