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Circulation: Cardiovascular Quality and Outcomes

METHODS PAPER
The PCORnet Blood Pressure Control

Laboratory
A Platform for Surveillance and Efficient Trials

BACKGROUND: Uncontrolled blood pressure (BP) is a leading preventable
cause of death that remains common in the US population despite

the availability of effective medications. New technology and program
innovation has high potential to improve BP but may be expensive and
burdensome for patients, clinicians, health systems, and payers and may
not produce desired results or reduce existing disparities in BP control.

METHODS AND RESULTS: The PCORnet Blood Pressure Control
Laboratory is a platform designed to enable national surveillance and
facilitate quality improvement and comparative effectiveness research. The
platform uses PCORnet, the National Patient-Centered Clinical Research
Network, for engagement of health systems and collection of electronic
health record data, and the Eureka Research Platform for eConsent and
collection of patient-reported outcomes and mHealth data from wearable
devices and smartphones. Three demonstration projects are underway: BP
track will conduct national surveillance of BP control and related clinical
processes by measuring theory-derived pragmatic BP control metrics
using electronic health record data, with a focus on tracking disparities
over time; BP MAP will conduct a cluster-randomized trial comparing
effectiveness of 2 versions of a BP control quality improvement program;
BP Home will conduct an individual patient-level randomized trial
comparing effectiveness of smartphone-linked versus standard home BP
monitoring. Thus far, BP Track has collected electronic health record data
from over 826 000 eligible patients with hypertension who completed
~3.1 million ambulatory visits. Preliminary results demonstrate substantial
room for improvement in BP control (<140/90 mmHg), which was 58%
overall, and in the clinical processes relevant for BP control. For example,
only 12% of patients with hypertension with a high BP measurement
during an ambulatory visit received an order for a new antihypertensive
medication.

CONCLUSIONS: The PCORnet Blood Pressure Control Laboratory

is designed to be a reusable platform for efficient surveillance and
comparative effectiveness research; results from demonstration projects
are forthcoming.
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ventable cause of death,’ causing over 450000

deaths per year in the United States.>® While
effective and affordable medications are available to
control BP, multiple rounds of medication adjustment
and intensification are typically required, and BP con-
trol is often not achieved.*> With the 2017 American
College of Cardiology/American Heart Association Hy-
pertension Guideline defining lower BP thresholds for
diagnosis, treatment, and control,® the prevalence of
hypertension now approaches 50% of all US adults,
and millions more Americans already treated for hyper-
tension are now considered to have uncontrolled BP®7
Achieving optimal BP control at the population-level
could save thousands of lives per year.®

It is unclear, however, how best to improve BP con-
trol rates in the United States. Some organizations
have reconfigured care delivery and achieved improve-
ments in control,®'3 but many of these approaches are
resource intensive and may not be feasible or sustain-
able in all settings, particularly in resource-poor settings
such as safety net clinics.’*'®* Home BP monitoring can
be effective, but generally requires additional support
to produce significant and lasting reductions in BP."7-'°
It remains unclear what types of additional support will
be both effective and sustainable across varying health-
care delivery settings. Emerging technologies including
smartphone apps and wearables?*23 could facilitate BP
measurement, tracking, interpretation, patient-clinician
communication, medication decision-making, and
adherence and thereby improve the various healthcare
processes required for BP?#?> control, but few studies
of technology effectiveness measuring BP control out-
comes have been conducted.?

Randomized controlled trials (RCTs) are required to
accurately assess and compare effectiveness of different
strategies for improving BP control. RCTs, however, are
difficult, time-consuming, and expensive to conduct.?6-3°
The National Heart, Lung, and Blood Institute alone
spent over $90 million in 2018 ($1.6 billion since 1985)
on RCTs relevant to BP (National Institutes of Health
RePORTER query?' and examples?**°). New methods that
improve RCT efficiency could help accelerate evidence
generation and translation of innovative healthcare
delivery solutions into major population health benefits.

Large simple real-world pragmatic trials that leverage
existing resources may help streamline evidence gen-
eration and reduce burden on both investigators and
patients.?®323> These methods may be particularly use-
ful for measuring effectiveness of BP control interven-
tions. Unlike many phenotypes, BP is measured routinely
during healthcare delivery and recorded systematically
in electronic health records (EHRs). Controlling High
Blood Pressure, which can be constructed using data in
the EHR, is a National Quality Forum endorsed perfor-
mance measure (NQF 0018%) recognized by the Centers

U ncontrolled blood pressure (BP) is a leading pre-
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for Medicare and Medicaid Services for use in clinical
incentive programs.?”-*® While this metric has limitations,
it has direct relevance to public health; demonstrating
even a small average improvement in BP control from a
scalable intervention would likely translate to significant
health benefits when implemented broadly.*

We aim to establish a platform for conducting large,
simple, patient-centered real-world RCTs designed to
demonstrate and compare effectiveness of BP control
interventions, and a national surveillance system for
monitoring both population-wide and local improve-
ments in BP control. Our platform leverages EHR sys-
tems now ubiquitous in the United States; PCOR-
net, the National Patient-Centered Clinical Research
Network funded by the Patient-Centered Outcomes
Research Institute (PCORI);*%4! and the Eureka Research
Platform, a National Institutes of Health-funded digi-
tal system designed to enable direct-to-participant
research including collection of patient-reported out-
comes and mHealth data from wearable devices and
smartphones.*># In this design and methods paper, we
describe the structural features of the platform—which
we call the PCORnet Blood Pressure Control Laboratory
(BP Control Lab)—and the 3 projects now underway
using the platform that will demonstrate its utility. We
end with a description of the data assets of the network
of PCORnet organizations currently participating and
preliminary results from our surveillance project.

STRUCTURAL FEATURES

The BP Control Laboratory brings together a set of
established resources that can be leveraged to support
efficient research and surveillance. Below, we describe
these modular resources, and how they are configured
to support large simple real-world pragmatic RCTs, local
quality improvement efforts, and national surveillance.
We also describe the collaborative networks that sup-
port the BP Control Lab.

The BP Control Lab uses PCORnet specifically for
access to EHR data and more broadly for access to a
networked clinical research infrastructure. PCORnet
was jointly envisioned by PCORI and the National Insti-
tutes of Health** and launched in 2013 by PCOR 404445
PCORnet’s Clinical Research Networks support curation
of EHR data in a common data model* that allows que-
rying of EHR data across organizations using standard-
ized queries. Patient-level data are retained locally at
each organization/network and are queried via a dis-
tributed research analysis system administered by the
PCORnet Coordinating Center (Figure 1). Along with
systolic and diastolic BP measurements made in the
context of healthcare encounters, the PCORnet Com-
mon Data Model includes information about patient
demographics, encounters, diagnoses, medications,
select laboratory measurements, and other domains
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Figure 1. Electronic health record (EHR) data flow and distributed querying in PCORnet, the National Patient-Centered Clinical Research Network.
EHR data are generated by participating healthcare organizations and stored in local, heterogeneously structured comprehensive enterprise data warehouses (eg,
Clarity for Epic EHR systems). To support PCORnet, each organization executes regular extract, transform, and load (ETL) operations that transform those EHR

data into a homogeneous and simplified/intuitive set of relational data tables—the PCORnet Common Data Model*—that are maintained on locally controlled
servers—PCORnet Datamarts—at each participating healthcare organization (blue database icons). The data are not stored centrally by PCORnet or by the Blood
Pressure (BP) Control Laboratory. To access these data, the BP Control Laboratory Data Core, with input from the quality core, partners, and stakeholders, develops
common data model queries (written in SAS) that are distributed by the PCORnet Coordinating Center to each participating datamart. Datamarts then run the
query locally and return results to the PCORnet Coordinating Center, which collates results and delivers them to the BP Control Laboratory. The BP Control Labora-
tory then links the EHR data with patient-generated data from Eureka as needed (eg, for BP Home, see Figure 2) and delivers it to the project teams supported by
the Laboratory. Ongoing projects include BP Track, BP MAP, and BP Home (see Figure 3).

potentially useful in evaluating effectiveness of BP con-
trol interventions* and has demonstrated utility for
hypertension surveillance.®’

To complement data collected during health-
care encounters, the BP Control Lab uses the Eureka
Research Platform for direct patient engagement and
collection of patient-generated health data (Figure 2).
Eureka (originally named the Health ePeople Resource
for Mobilized Research) was funded by the National
Institutes of Health in 201544 to accelerate use of
mHealth data in research and evaluation of mHealth
technology for improving health. Its multitenant
cloud-based platform currently supports development
of web- and mobile app-based patient portals that
directly engage patients in eConsent, eligibility assess-
ment, online surveys, and data collection from wear-
able devices and smartphones for prospective research
studies including RCTs.** The platform supports secure

Circ Cardiovasc Qual Outcomes. 2020;13:e006115. DOI: 10.1161/CIRCOUTCOMES.119.006115

tracking and data linkage of Eureka enrollees recruited
across different systems (eg, patients recruited from a
healthcare delivery organization), retrieval of BP mea-
surements from home BP monitoring devices via elec-
tronic data transfer, and a study management portal
with customizable reports.

The BP Control Laboratory represents a collaborative
effort and partnership between PCORnet entities, the
American Medical Association (AMA), and the Ameri-
can Heart Association. The project was conceived by
investigators and patients participating in the PCORnet
Cardiovascular Health Collaborative Research Group,*
including representatives from 4 Clinical Data Research
Networks (OneFlorida,*® REACHnet,>" ADVANCE,*? and
STAR®3), a Patient-Powered Research Network focused
on cardiovascular health (the Heart Research Alliance,**
formerly named the Health eHeart Alliance®), an active
Patient Advisory Board, and the PCORnet Coordinating
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Figure 2. Patient-generated health data collection via the Eureka Research Platform.

For BP Home and future projects like it, patient-generated health data including patient-reported outcomes and blood pressure (BP) measurements from home BP
monitors are collected via the Eureka Research Platform. Study teams (lower left corner) work with site personnel at healthcare organizations to identify potentially
eligible patients and send them personal invitations to join the study. Interested patients go to a Eureka-hosted web portal (optimized for viewing on either a
desktop or smartphone) that takes them through study information, eligibility, and eConsent procedures. They also enter a Golden Ticket number provided with
the personal invitation that enables future identity linkage. Eligible and consenting participants are randomized to 1 of the 2 study arms and are mailed a home BP
monitor (smartphone-linked or standard depending on randomization arm, see Figure 3), which they use for ongoing medical care and BP management with their
clinician. Participants in the smartphone-linked arm then authorize connecting their home BP monitor to Eureka, allowing Eureka to obtain their BP measurements
from the device company server. Participants in both arms fill out surveys that allow Eureka to gather patient-reported outcomes and other information. The study
team can access reports and participant information through a study management portal hosted by Eureka. The BP Control Laboratory uses the Golden Ticket
number to link patient-generated data from Eureka with electronic health record (EHR) data from Patient-Centered Outcomes Research Network (PCORnet; see

Figure 1) and provides the final linked study dataset to the study team for analysis.

Center.*" To build the BP Control Laboratory, a collab-
orative partnership including these PCORnet entities,
the AMA, and the American Heart Association applied
for and received funding through PCORI's Partnerships
to Conduct Clinical Research within PCORnet Funding
Announcement.*® The 3 projects funded by our award,
described below, demonstrate BP Control Laboratory
functionality and utility.

DEMONSTRATION PROJECTS

Overview

Our PCORI award supports 3 projects, each designed to
answer scientific research questions and demonstrate
different aspects of BP Control Laboratory functionality.
These 3 projects, named BP Track, BP MAP, and BP Home,
are described below, and summarized in Figure 3.57:58

Circ Cardiovasc Qual Outcomes. 2020;13:e006115. DOI: 10.1161/CIRCOUTCOMES.119.006115

BP Track: A National Surveillance System

BP Track aims to establish a national BP control surveil-
lance system that generates statistics on BP control and
BP-related quality metrics for participating healthcare
organizations. Organizations must contribute data to a
PCORnet datamart that agrees to respond to quarterly
queries written in SAS (Statistical Analysis Systems, Cary,
NC) against the PCORnet Common Data Model, and in
return receives access to metric performance reports.
The queries will produce a set of quality metrics relevant
to improving BP control (BP Control Metrics), including
Controlling High Blood Pressure (NQF 00183¢>96%) and
Improvement in Blood Pressure (CMS65v7°") and addi-
tional process measures relevant to clinical management
and treatment practices for BP control (Table 1). Metric
design and development is guided by 2 frameworks—
the AMA's MAP framework (Measure Accurately, Act
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Figure 3. Design features of three projects currently supported by the Blood Pressure Control Laboratory.

The Blood Pressure (BP) Control Laboratory currently supports BP Track (a national surveillance project), BP MAP (a cluster randomized controlled trial [RCT]),
and BP Home (an individual-level RCT). In the figure, we describe the target sample (target numbers and characteristics of the sample units), interventions (for
the 2 RCTs), and the primary outcome measurement(s) for each project. BP control metrics, including overall BP control and 9 other BP-related quality metrics,
are described in Table 1. MAP indicates Measure Accurately, Act Rapidly, Partner with Patients (a quality improvement program for BP control managed by the

American Medical Association).24°7:58

Rapidly, and Partner with Patients)?*575% and the Blood
Pressure Control Model?*?—that specify relevant clini-
cal processes. Additional metrics perceived to be useful
to stakeholders can be added over time.

BP Control Metric results will be produced overall for
each participating PCORnet datamart, and for any num-
ber of individual clinical units within the datamart (eg, a
particular general internal medicine clinic). Each PCORnet
datamart will specify clinical units with at least one identi-
fied clinician stakeholder, to whom clinical unit-specific
metrics will be provided. Each metric will be produced for
the overall relevant patient population (in the datamart,
or the clinical unit) and for subgroups of those patients
defined by categories of age (18-44, 45-64, and 65+
years), sex (male, female, and other), and race/ethnicity
(Non-Hispanic Asian, black, white, and other, and His-
panic any race). Reports and interactive data visualization
will allow stakeholders to view their results and compare
to blinded results from other participating organizations.

BP Track will support quality improvement efforts
by providing systematic measurements of the specified
quality metrics over time. Using these quality metrics,
quality improvement programs can target particular
processes in need of improvement, implement inter-
ventions, and use BP Track to assess change in met-
rics over time in relevant clinical units and patient sub-

Circ Cardiovasc Qual Outcomes. 2020;13:e006115. DOI: 10.1161/CIRCOUTCOMES.119.006115

groups compared to control units without the same
exposure. This approach will be used for BP MAP (see
below). BP Track will also support participation in the
Target:BP Program,®* a national initiative formed by the
American Heart Association and the AMA that aims to
help healthcare organizations prioritize and improve BP
control and recognize organizations for achieving BP
control rates of 70% or higher.

Although organizations participating in BP Track
will not represent a random sample of either the US
population or US healthcare organizations, the rela-
tively broad participation in the program (currently 14
PCORnet datamarts with healthcare organizations in 15
different states) and scalability (additional organizations
can participate if they support the PCORnet Common
Data Model and participate in the distributed research
network) makes it a potentially useful platform for
national surveillance. BP Track represents the first use
of PCORnet for national surveillance, and a testbed for
PCORnet surveillance methodology.

BP MAP: a Cluster Randomized Quality
Improvement Trial

BP MAP (Improving Blood Pressure Control in Diverse
Populations by Measuring Accurately, Acting Rapidly,
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Table 1. BP Control Metrics to be Tracked by the PCORnet BP Control Laboratory
No. Metric Description Implementation Plan
1 BP control, % of patients This overall measure of BP control implements NQF 0018, which defines BP Wave 1
control as the percent of eligible patients with hypertension for whom the BP
measurements at their most recent ambulatory care visit were at goal, defined
as SBP<140 mmHg and DBP<90 mmHg.
2 BP control to 2017 guideline This alternative overall measure of BP control is identical to Metric 1, except Wave 2
goal, % of patients that attainment of BP control is defined by SBP<130 mmHg and DBP<80
mmHg, as per the goal stated in the 2017 American College of Cardiology/
American Heart Association Hypertension Guideline. Note that while the
treatment threshold varies in the guideline, depending on cardiovascular risk,
the goal applies to all patients.
3 Improvement in BP, % of This overall measure of BP improvement implements CMS065v4, which Wave 1
patients defines BP improvement as either a reduction of 10 mmHg in SBP or
achievement of SBP that is adequately controlled (SBP<140 mmHg) in months
10 to 12 of the measurement period, among patients with hypertension not
previously controlled.
4 Confirmatory repeated BP This process measure is designed to capture the practice of repeating a BP Wave 1
measurement, % of visits measurement in the same visit when the first measurement done in clinic is
high (SBP>=140 mmHg or DBP=90 mm Hg).
5 Terminal digit=zero, % of Inappropriate rounding of BP measurements (usually to zero) leads to Wave 2
measurements measurement error and worse treatment decisions. This metric is designed
to measure the extent of this behavior, which would lead to a terminal digit
of zero >10% of the time (if an automated BP monitor is used) or >20% (if
a manual BP monitor is used with recommended rounding to even digits).
Unlike most of our metrics, lower is better, down to an ideal value of 10%—
20%, which would be expected if no rounding were occurring.
6 Medication intensification, % This process measure captures the proportion of visits where BP is Wave 1
of visits uncontrolled where a BP medication is ordered that is of a different class of
medication than had previously been used. Note that this explicitly does not
give credit for ordering a simple refill or medication dose increase or use of a
different medication in the same class.
7 Repeat visit in 4 wks after This process measure captures the proportion of visits by persons with uncontrolled Wave 2
uncontrolled HTN, % of visits hypertension that were followed by a subsequent visit within 4 weeks.
8 Average SBP reduction after This continuous metric describes the change in SBP observed between a visit Wave 1
medication intensification, with a medication intensification to the subsequent visit occurring at least 10
mmHg days later. We will collect both the average and the SD for this metric.
9 Use of a CCB or thiazide or Use of CCBs or a thiazide or thiazide-like diuretic medication class is Wave 2
thiazide-like diuretic among recommended to treat black or African-American patients as first line
African-American patients on monotherapy due to increased efficacy. This metric, which is limited to
at least one medication, % of African-American patients with a diagnosis of hypertension taking at
patients least one medication class, describes the prevalence of those receiving the
recommended drug class.
10 Use of fixed dose combination Use of fixed dose combination medications helps with adherence, promotes Wave 2
product among patients rational combinations of medications, and increases likelihood of achieving
taking 2 or more classes of BP control. This metric, which is limited to patients taking more than one BP
medications, % of patients medication class, describes the prevalence of fixed dose combination pill use.

BP indicates blood pressure; CCB, calcium channel blocker; DBP, diastolic BP; PCORnet, National Patient-Centered Outcomes Research Network; and SBP,

systolic BP.

and Partnering with Patients) is a cluster randomized
RCT that will compare effectiveness of a Full Support
versus a Self-Guided version of a clinic-level hyper-
tension quality improvement intervention. The quality
improvement intervention is based on the AMA's M.A.P.
framework?* and 6-month M.A.P. BP Improvement Pro-
gram, which includes quality improvement materials
and a protocolized program with support from dedi-
cated practice change facilitators. Interventions based
on the M.A.P. framework have shown evidence of
effectiveness, with improved BP control and process
metrics in prepost analyses®”>® with sustainability at 12
months.*’ It is unclear, however, how much the support

Circ Cardiovasc Qual Outcomes. 2020;13:e006115. DOI: 10.1161/CIRCOUTCOMES.119.006115

from the dedicated practice change facilitators (who
are trained centrally by the AMA in a train-the-trainer
model) is required for the program to be successful.

BP MAP will randomize 24 clinics from 2 PCORnet
research networks (REACHnet and OCHIN) to 1 of the 2
versions of the AMA's M.A.P. BP Improvement Program:
Full Support versus Self-Guided. The Full Support arm
will include an on-site practice assessment, an in-person
launch meeting, training, and personalized support for
dedicated practice change facilitators from experienced
AMA staff and access to an online Digital Guide con-
taining resources and training materials. The Self-Guided
arm will have access to the Digital Guide and an informa-
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tional webinar at launch but will not receive in person site
visits or practice change facilitator support. Both arms
will run BP Track queries (Table 1) on a monthly basis and
use the results to guide and target their quality improve-
ment efforts. The primary outcome will be change in
BP control (NQF 0018) from baseline to 6 months, as
assessed using BP Track queries of the PCORnet Com-
mon Data Model (Table 1, Metric 1). This outcome will
be compared between randomized arms; and each arm
will also be compared against Usual Care (nonrandom-
ized), which will include other PCORnet datamarts par-
ticipating concurrently in BP Track (excluding datamarts
with clinical units participating in BP MAP). Additional
features of BP MAP are published on www.clinicaltrials.
gov.®* The protocol, including a description of the Digital
Guide and resources required to implement the Full Sup-
port versus the Self-Guided versions of the intervention
at scale, will be published separately.

BP Home: a Randomized Controlled Trial
of Home Monitoring Technology

BP Home (The PCORnet Blood Pressure Home Monitor-
ing Study) will compare effectiveness of smartphone-
linked versus standard home BP monitors for helping
patients with uncontrolled hypertension achieve a
reduction in systolic BP. Home BP monitoring by itself
has been shown to have only a small overall impact on
BP control'”'°; home monitoring combined with addi-
tional support seems to provide more robust gains in
BP control."-'* While additional support that requires
reconfiguration of care and extra resources may not be
achievable in low-resource settings, emerging technol-

ogy that is more user-friendly in diverse patient popula-
tions (including elderly and low-income patients who
tend to be late adopters of technology) may help bridge
this gap.%>%” Developing and testing new devices,
smartphone apps, and other support systems that effec-
tively engage patients in home BP monitoring and help
patients and clinicians achieve subsequent BP control
remains an active area of research and development in
the public and private sectors; while consumer-focused
technology reviews are available,®® these typically do
not rely on evidence produced by robust comparative
effectiveness methods. It is critically important to dem-
onstrate and compare effectiveness of emerging tech-
nologies designed to enhance BP control.

BP Home will test whether having a smartphone-
linked home BP monitor (that connects via Bluetooth
to a smartphone and works in tandem with a com-
mercially available smartphone app) constitutes addi-
tional support that improves BP control more effectively
than a standard device without Bluetooth connectiv-
ity. Our pragmatic design features online enrollment,
eConsent, and survey delivery via the Eureka Research
Platform (Figure 2), simple eligibility criteria (systolic BP
>145, stated desire to lower systolic BP by 10 mmHg,
and owning a smartphone), scalable interventions (2
consumer devices) provided with minimal study-specif-
ic support, and an imperfect but pragmatic outcome
(reduction in systolic BP measured at most recent clin-
ic visit, at 6 months after enrollment). Four PCORnet
networks will help recruit the planned 2000 BP Home
participants required for the study and will query their
PCORnet datamarts for office-based BP measurements
from EHR data, which will be linked with patient-report-

Table 2. Total Patients and Encounters Available for Analysis in Wave 1 of BP Track

Total Numbers of Patients and Observations From Participating Datamarts
Median (Range) of Totals Within
Patient/Encounter Type Each Datamart (N=14 Datamarts) Total Across All Datamarts
Patients
All adult patients with hypertension meeting eligibility 35719 (1042-178132) 826392
criteria* for BP control metrics
With diabetes mellitus diagnosist 7826 (206-63327) 240753
With coronary heart disease diagnosist 5261 (43-29116) 112456
With heart failure diagnosist 2187 (24-12993) 47677
With depression diagnosist 5484 (260-31717) 116626
With COPD diagnosist 2067 (51-12008) 50788
Encounters
All ambulatory encounters made by eligible patients* 130956 (3704-757235) 3570311
With a BP measurement available 119078 (3655-714894) 3103423

BP Track represents PCORnet Blood Pressure Control Registry. BP indicates blood pressure; COPD, chronic obstructive pulmonary disease; and

PCORnNet, National Patient-Centered Outcomes Research Network.

*During a defined 1-year measurement period, the following criteria are met: at least 1 ambulatory visit occurs, patient is age 18-85y at
the end of the period; a diagnosis of hypertension during the first 6 mo of the period or at any time prior; no hospice services provided to the
patient; no diagnosis of end-stage renal disease, dialysis, or renal transplant during or prior; no diagnosis of pregnancy; not residing in a long-

term care facility.*

tDefined by a diagnosis assigned during the 1-year measurement period.

Circ Cardiovasc Qual Outcomes. 2020;13:e006115. DOI: 10.1161/CIRCOUTCOMES.119.006115
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ed outcomes and home BP measurements collected by
Eureka (Figure 2). The Patient Advisory Board helped
design the protocol and the web portal hosted on the
Eureka platform, reviews all patient-facing material,
and advises the study team on all matters impacting
participant experience. Additional features of BP Home
are published on www.clinicaltrials.gov.5°

Description of BP Control Laboratory
Data Assets and Preliminary Results From
BP Track, Wave 1

Fourteen Wave 1 datamarts fully executed contracts
with the PCORnet Coordinating Center in time to par-
ticipate in the first quarterly BP Track queries; additional
datamarts are expected to participate in subsequent
Waves, which are currently funded to continue through
mid-2021. Table 2 describes the totals and ranges in the
number of observations (eligible patients and ambula-
tory visits) contributed by each Wave 1 datamart. A
total of 826392 adult patients with hypertension met
eligibility criteria across datamarts, many with comorbid
diagnoses relevant to hypertension control and cardio-
vascular disease. Those patients completed over 3 million
qualifying ambulatory visits where BP was measured dur-
ing the year-long observation periods selected by each
datamart. One datamart reported results from 4 specific
clinical units of interest within their datamarts; more will
participate in this aspect of BP Track in Wave 2.

BP Control Metrics from datamarts reporting in Wave
1 showed substantial room for improvement in BP con-
trol and relevant clinical processes (Table 3). Overall
results (weighted for numbers of observations) demon-

strated that 58% of adult patients with hypertension
were controlled to <140/90 mmHg, confirmatory re-
measurement of BP after a high ambulatory measure-
ment was uncommon (16%), and only 12% of patients
with a high BP at an ambulatory visit were subsequent-
ly prescribed a new class of BP medication. When this
occurred, however, the average reduction in systolic BP
was relatively large (14.6 mmHg). We observed sub-
stantial variation in these metrics between datamarts,
and between clinical units within datamarts, which
indicates marked room for improvement. BP Track data
will be available for analysis and publication, subject to
a forthcoming BP Track Publication Policy; requests may
be submitted to the corresponding author.

SUMMARY

The BP Control Laboratory represents a new national
infrastructure for BP control surveillance, evaluation of
healthcare quality improvement efforts, and pragmatic
RCTs. Results from the 3 demonstration projects will be
reported in coming years. Along with the main scien-
tific outcomes, each project will include assessments
of engagement from target stakeholders including
patients and trial participants, clinicians, local policy-
makers (eg, medical system leadership), and research-
ers interested in BP control. We also plan to analyze
efficiency and sustainability of the BP Control Laborato-
ry and potential cost savings to research projects using
the core infrastructure (PCORnet and Eureka). Our goal
is to provide results useful to our stakeholders, and to
reuse the BP Control Laboratory infrastructure that now
exists for future efficient research that helps improve BP

Table 3. Aggregate Blood Pressure Control Metrics in BP Track, Wave 1

BP Control Metric Result
No. Name N* Weighted Datamart Ranget | Clinical Unit Range#
Result* (Min-Max) (Min-Max)
N=14 Datamarts; N=4 Clinical Unitst
n=826392 Patients n=144432 Patients
1 Blood pressure control, % of patients 826392 58% 40%—-65% 31%-60%
3 Improvement in blood pressure, % of patients | 213240 28% 16%-37% 13%-28%
4 Confirmatory repeated blood pressure 254820 16% 0%-92% 14%-51%
measurement, % of visits
6 Medication intensification, % of visits 244526 12% 0.5%-16% 8%-11%
8 Average SBP reduction after medication 14928 14.6 mmHg 11.1-16.5 11.2-16.1
intensification, mmHg

BP indicates blood pressure; PCORnet, the National Patient-Centered Clinical Research Network; and SBP, systolic BP.

*Qverall results are calculated as weighted averages of datamart-specific results, weighted by the total number of observations
(patients or visits) meeting eligibility criteria for metric calculation (N). Note: For confidentiality, all counts reported to the BP control
laboratory (both numerators and denominators in proportion metrics) are masked when cell sizes are between 1 and 10. Results are
reported as missing when the denominator (N) is <11. For metrics 1, 3, 4, and 6, which are proportions, we imputed a numerator of 5 if
the denominator was 100 or greater and the numerator was between 1 and 10. N's represent total eligible observations contributing to

nonmissing (including imputed) results.

tDatamart range represents the minimum value and the maximum value across the 14 reporting PCORnet datamarts. Two values

were imputed for Metric 4, as described in the preceding footnote.

$Clinical Unit Range represents the minimum value and the maximum value across the 4 individual clinical units within PCORnet
datamarts specifically tracked in BP Track by specifying FACILITYID in the ENCOUNTER table of the PCORnet Common Data Model.
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control, reduce disparities, guide evidence-based use of
technology, and improve cardiovascular outcomes for
the US population. Investigators interested in using the
BP Control Laboratory are encouraged to contact the
study authors.
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