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Abstract
Background Hypertensive disorders of pregnancy are among the leading causes of maternal mortality and 
morbidity in the U.S., with rates highest among birthing people who are Black, rural residents, and/or have low-
income. Severe hypertension, in particular, increases risk of stroke and other serious pregnancy complications. To 
promote early detection and treatment of severe hypertension, the Alliance for Innovation on Maternal Health 
developed the Severe Hypertension During Pregnancy and Postpartum Period Safety Bundle (HTN Bundle). Multiple 
studies have demonstrated the HTN Bundle’s effectiveness in the inpatient setting. With funding from the National 
Heart, Lung, and Blood Institute, we engaged community partners to adapt the HTN Bundle for the outpatient setting 
(i.e., O-HTN Bundle) and planned for its implementation. In this paper, we describe the protocol for a study evaluating 
O-HTN Bundle implementation in 20 outpatient clinics serving Black, rural, and/or low-income populations.

Methods This study is a hybrid type 3 effectiveness-implementation trial with a multiple baseline design. We 
will implement the O-HTN Bundle in three successive cohorts of clinics using a multicomponent implementation 
strategy to engage community partners (coalition, patient workgroup) and support clinics (training, facilitation, 
education materials, and simulations of severe hypertension events). To test the strategy, we will compare clinic 
fidelity to evidence-based guidelines for (a) patient education on hypertension and (b) blood pressure measurement 
technique, with repeated measures occurring before and after strategy receipt. We will also observe strategy effects 
on community- and clinic-level intermediate outcomes (community engagement, organizational readiness), 
implementation outcomes (reach, adoption, fidelity, maintenance), and effectiveness outcomes (receipt of guideline 
concordant care). Analyses will address whether outcomes are equitable across Black, rural, and/or low-income 
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Background
Hypertensive disorders of pregnancy affect 5–7% of 
pregnancies globally and are among the leading causes 
of maternal mortality, severe maternal morbidity, and 
prematurity in the United States [1–5]. Additionally, 
hypertensive disorders of pregnancy are associated with 
increased lifetime risk of cardiovascular and cerebro-
vascular diseases [6, 7]. Birthing people who are Black, 
rural residents, and/or have low-income are at greatest 
risk of hypertensive disorders of pregnancy and may have 
more severe presentations with worse outcomes [8–11]. 
Severe hypertension (i.e., blood pressure [BP] reaching 
or exceeding 160 mmHg systolic and/or 110 diastolic), 
in particular, increases the risk of stroke and other seri-
ous medical complications including maternal death [9, 
10]. For this reason, early identification and treatment of 
severe hypertension (ideally within 30–60 min) is essen-
tial to preventing maternal mortality and morbidity [11]. 
To promote early detection and treatment, the Alliance 
for Innovation on Maternal Health (AIM) developed the 
Severe Hypertension During Pregnancy and Postpartum 
Period Safety Bundle (HTN Bundle), initially released in 
2015 and revised in 2022 [12, 13]. The AIM HTN Bundle 
provides hospitals with a set of processes they can use 
to implement evidence-based guidelines for recognition 
and response to severe HTN in pregnancy. Multiple stud-
ies have demonstrated the HTN Bundle’s effectiveness 
at improving time to treatment and reducing maternal 
morbidity and mortality in the inpatient setting [14–17]. 
However, birthing persons with severe hypertension 
often initially present in the outpatient setting, during 
the prenatal and postpartum periods. The purpose of this 
study is to test an HTN Bundle that is adapted for the 
outpatient setting, particularly settings that reach birth-
ing people who are Black, rural residents, and/or have 
low-income, with the goal of providing equitable and 
timely treatment for severe hypertension.

Conceptual framework: integrating engagement, equity, 
and implementation science
Foundational to this research is a commitment to pro-
moting health equity and respectful care for all birthing 
persons. We define health equity as being achieved when 
everyone attains their full health potential [18]. Respect-
ful care is care that is provided to all birthing persons “in 
a manner that maintains their dignity, privacy and con-
fidentiality, ensures freedom from harm and mistreat-
ment, and enables informed choice” [19]. To promote 
equity and respectful care, we engage the expertise of 
birthing people who have experienced inequitable health 
outcomes, their families, and representatives from com-
munity-based clinics and organizations. Our approach to 
community engagement is guided by principles of com-
munity-based participatory research and the recently 
released Assessing Meaningful Community Engagement 
conceptual model with the goal of fostering trust, co-
learning, and collaboration among community partners 
[20, 21]. We are engaging partners in operationalizing 
respectful care and identifying the multilevel determi-
nants of timely, respectful, and equitable recognition and 
response to severe hypertension during pregnancy and 
postpartum. We are also working with partners to itera-
tively tailor and test implementation strategies to address 
the identified determinants.

With funding from the National Heart, Lung, and 
Blood Institute (NHLBI) through the Maternal Health 
Community Program (MH-CIP) we are conducting a 
two-phase study: “Advancing Community and Clinical 
care for Childbirth-related Hypertension: Implemen-
tation, Engagement and Valuing Equity (AC3HIEVE)”. 
In Phase I of AC3HIEVE we adapted the AIM HTN 
Bundle for the outpatient setting and created the Out-
patient-HTN (O-HTN) Bundle. We also tailored a mul-
ticomponent implementation strategy, and piloted 
implementation of the O-HTN bundle in three clinics. 
In this paper, we describe the protocol for Phase II of 
AC3HIEVE, which aims to establish the impact of imple-
menting the O-HTN Bundle on timely recognition and 

subgroups. Guided by the Consolidated Framework for Implementation Research 2.0, we will use mixed methods to 
identify adaptations and other determinants of implementation success.

Discussion This study integrates community engagement and implementation science to promote equitable and 
timely response to severe HTN in the outpatient setting during pregnancy and postpartum. This is one of the first 
studies to implement an outpatient HTN Bundle and to use simulation as a strategy to reinforce team-based delivery 
of guideline concordant care.

Trial registration This study was registered with ClinicalTrials.gov as “Testing Implementation Strategies to Support 
Clinic Fidelity to an Outpatient Hypertension Bundle (AC3HIEVE).” Registration number NCT06002165, August 21, 2023: 
https://clinicaltrials.gov/study/NCT06002165.

Keywords Maternal health, Maternal Mortality, Maternal Morbidity, Preeclampsia, Pregnancy-related Hypertension, 
Implementation Science, Community Engagement, Health Equity, Pragmatic Clinical Trial, Simulation
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response to severe hypertension in 20 outpatient clinics 
serving birthing patients who are Black, rural residents, 
and/or have low-income.

Aims
Study aims are as follows:

Aim 1. Implement the O-HTN Bundle in 20 outpa-
tient clinics serving Black, rural, and/or low-income 
populations.

Aim 2. Compare effects of the AC3HIEVE implementa-
tion strategy versus usual care on fidelity to selected ele-
ments of the O-HTN Bundle.

Aim 3. Observe effects of the AC3HIEVE implementa-
tion strategy on intermediate, implementation, and effec-
tiveness outcomes.

Methods
Design
This study is a hybrid type 3 effectiveness-implementa-
tion trial with a multiple baseline design in each of three 
successive clinic cohorts across four North Carolina (NC) 
counties (see Additional File 1 for SPIRIT checklist). A 
hybrid type 3 trail was selected consistent with our focus 
on testing the effects of O-HTN Bundle implementation 
processes on clinic fidelity to evidence-based guidelines 
for recognition and response to severe HTN in preg-
nancy. After a six-month baseline data collection period, 
each of the three cohorts will move sequentially into a 
12-month implementation phase, beginning 6 months 

apart. Patients will not be prospectively recruited; 
patient-level data will be assessed using retrospective 
chart audits. Figure 1 provides an overview of the design 
and data collection for Aim 2.

Engagement of the wider community is central to our 
approach, with community defined geographically at the 
level of the county. Therefore, we designed our study to 
phase clinics into the implementation arm in three suc-
cessive, county-based cohorts. We chose a multiple 
baseline design to allow us to implement the strategy 
sequentially across counties while also controlling for 
temporal effects across cohorts. Prior to implementation, 
we will collect multiple baseline measures in all 20 clin-
ics to assess the impact of usual care. We then will imple-
ment the O-HTN Bundle in each successive cohort over 
a three-year period.

Study sites and population
We identified a total of 59 clinics in central NC that pro-
vide prenatal care in the four counties of focus. Recruit-
ment started in settings where members of the research 
team had pre-existing relationships. To recruit clinics, 
a provider lead from the research team reached out to 
assess clinics’ eligibility and interest. Clinics were eli-
gible to participate if they provided prenatal care to a 
minimum of 50 birthing people annually, had an elec-
tronic health record, and served a patient population at 
risk for disparities in obstetric outcomes, defined as one 
or more of the following: at least 20% Black, at least 20% 

Fig. 1 Multiple baseline design
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rural, and/or at least 50% uninsured or insured by Med-
icaid (as a proxy for low-income). After determining eli-
gibility and inclusion/exclusion criteria, a member of the 
research team assessed the clinic’s willingness to partici-
pate in baseline data collection, establish an implementa-
tion team, and commit to participating in the AC3HIEVE 
implementation strategy (described below). Participating 
clinics are provided a financial incentive for their partici-
pation, based on the estimated amount of time required 
for providers and staff to engage in all study activities. 
Funds are distributed incrementally as milestones are 
completed during the study.

Participant recruitment, consent, and study oversight
The research team’s nurse facilitators will recruit and 
consent all staff responsible for taking BP measurements 
on pregnant patients (medical support personnel), pro-
viders and staff who provide care to pregnant patients 
(care team), and members of each site’s implementa-
tion team (see Additional File 2 for consent form). To 
promote continued participation, we will monitor team 
member attendance at coaching sessions, trainings, and 
simulations. If average participation drops below 80% 

over 3 months, we will begin intensive outreach efforts 
and discuss commitment to the study with clinic leader-
ship. If sub-par attendance occurs over the subsequent 
3 months, we will disenroll the clinic. Clinics are free to 
withdraw from the study at any time but would not be 
replaced as baseline data would not be available for com-
parison purposes.

Study protocols were reviewed and approved by The 
University of North Carolina at Chapel Hill’s Office of 
Human Research Ethics, IRB #23–0968. Based on the low 
level of risk, the PI (MKM) will provide data monitoring 
and safety oversight for the study and promptly report 
any UPIRSO (Unanticipated Problems Involving Risks 
to Subjects or Others) to the IRB. Modifications to the 
clinical trial protocol will be discussed with the funder, 
submitted to UNC’s IRB for approval, and updated in 
clinicaltrials.gov when necessary. Corresponding changes 
will also be made to the study’s regulatory binder.

O-HTN bundle
The O-HTN Bundle specifies evidence-based guidelines 
for recognizing and responding to severe hyperten-
sion and processes clinics might use to integrate those 
guidelines into routine practice (Table  1). Following the 
organization of the original AIM HTN Bundle [13], the 
O-HTN Bundle addresses five domains: (1) Readiness: 
processes for clinics to establish the protocols, work-
flows, and resources needed to recognize and respond 
to severe hypertension; (2) Recognition: evidence-based 
guidelines for measuring blood pressure and educat-
ing birthing people and their families to recognize signs 
and symptoms of preeclampsia; (3) Response: evidence-
based guidelines for timely response and treatment of 
severe hypertension, with escalation to a higher level 
of care when needed; (4) Reporting/Systems Learn-
ing: processes for clinics to monitor, improve, and sus-
tain evidence-based guidelines; and (5) Respectful Care: 
evidence-informed guidelines for culturally appropriate, 
patient-centered communication and practice.

Usual care condition
The usual care condition was designed to replicate the 
way new guidelines are typically disseminated to clinics 
via online materials and brief recorded webinars pro-
moted by local clinical experts. At baseline, we will send 
all clinics a link to the O-HTN guidelines and education 
materials. These resources are available on the NC Peri-
natal Region IV Provider Support Network website [22].

Implementation strategy
Consistent with this study’s overall conceptual frame-
work, AC3HIEVE integrates two categories of imple-
mentation strategies: (1) strategies to engage community 
partners (coalition and workgroup) and (2) strategies to 

Table 1 Outpatient hypertension bundle
Domains Core Elements
Readiness
(Processes)

● Implementation Team
● Protocol for BP measurement technique
● Protocol for patient education
● Patient education materials
● Protocol for response to severe HTN

Recognition
(Guidelines)

● Accurate BP measurement
● Appropriate identification and assessment of 
severe range BP
● Education on signs and symptoms of preeclamp-
sia and when to get help

Response
(Guidelines)

Timely Response to Severe HTN
● Notification of provider if systolic BP =/> 160 
and/or diastolic BP =/> 110 and retaken in 15 min
● After the second severe range BP, treatment with 
oral Nifedipine IR (10 mg) initiated if available (ASAP, 
ideally within 30 min of BP verification)
● Escalation and care transition
● Maternal transport

Reporting
(Processes)

● Plan for ongoing monitoring of severe HTN 
Recognition & Response
● Plan for training/educating newly hired staff on 
severe HTN Recognition & Response
● Plan for sustaining competency in proper BP 
Measurement Technique and Response to episodes 
of severe HTN

Respectful Care
(Guidelines)

● Open, transparent, and empathetic communica-
tion with birthing persons and their support people
● Educational materials designed appropriately 
for patient’s health literacy, cultural needs and 
language proficiency.
● Patient’s concerns acknowledged and assistance 
provided to overcome barriers
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support clinic-level integration of the O-HTN Bundle 
(facilitation, training, simulation, and educational mate-
rials). We developed and piloted these strategies in Phase 
1 and further refined them based on Phase 1 findings. 
Below and in Table  2, strategies are named according 
to terminology provided by the “Expert Recommenda-
tions for Implementation Change (ERIC)” compendium 
[23] and described following Proctor et al. guidelines for 
reporting implementation strategies [24].

Build a coalition The research team built a coalition to 
“cultivate relationships with partners in the implemen-
tation effort” [23]. Members of the research team with 
expertise in community engagement (AL, JC) conducted 
asset mapping to identify and engage partners with rel-
evant experience and expertise within three levels of 
community: patient, clinic, and the broader community. 
The coalition meets monthly with a focus on strength-
ening relationships among coalition members, fostering 
equity in coalition operations, promoting mutual ben-
efit for both research and the community, and leverag-
ing the expertise of members to guide iterative cycles of 
implementation strategy tailoring and testing. Coalition 
members also advise on activities to elicit community 
input. These include patient workshops to guide develop-
ment of patient-facing elements of the O-HTN Bundle 
(e.g., education materials), and Story Circles [25–27] to 

gain understanding of patients’ prenatal, birth, and post-
partum experiences and perceptions of respectful care. 
The overarching objective of the coalition is to learn 
together, collaborate, and build trust among all commu-
nities involved in O-HTN Bundle implementation, while 
ensuring patient and community perspectives inform all 
aspects of our research and implementation processes.

Use a workgroup The research team is partnering with a 
Patient Action Group (PAG) “to provide input and advice 
on implementation efforts and to elicit recommendations 
for improvements” [23]. The PAG plays a crucial role in 
ensuring patient engagement within and across partner 
counties and providing input into the development and 
roll out of patient-facing elements of the O-HTN Bun-
dle. The PAG is led by a patient partner and consists of 
birthing people who have experienced pregnancy-related 
hypertension or cardiovascular disease. The group meets 
monthly to share experiences and provide recommenda-
tions and feedback on AC3HIEVE study materials and 
procedures.

Conduct ongoing training A physician on the research 
team will provide a 45-minute training in-person or vir-
tually to all care teams at each clinic. The training will 
focus on the Recognition, Response, and Respectful Care 
elements of the O-HTN Bundle. Nurse facilitators will 
provide a 20-minute on-site training on guideline-concor-

Table 2 Implementation strategies
Strategy 
(19)

Actor Actions Action Target Dose Timing

Build a 
coalition

Research Team, 
birthing persons, 
clinic staff, and 
members of wider 
community

Obtain community expertise through 
coalition meetings, Story Circles, and 
workshops to operationalize Respectful 
Care, identify barriers to care, and tailor 
implementation strategies

Academic-Community partner 
co-learning, collaboration, and 
trust

Monthly 60–90-min-
ute coalition meet-
ings; five 90-minute 
Story Circles; 
four 90-minute 
workshops

All phases 
of the 
project

Use a 
workgroup 
(Patient Ac-
tion Group)

Research Team and 
birthing persons 
who have had 
pregnancy-related 
HTN

Incorporate patient insight, guidance and 
feedback into AC3HIEVE materials and 
protocols

Patients’ experience of barriers 
and facilitators to respectful, 
timely, and equitable care

Monthly 60-minute 
meetings

All phases 
of the 
project

Provide 
ongoing
training

Research Team’s 
lead physician and 
Nurse Facilitator

Training on O-HTN Bundle, Respectful 
Care and BP measurement

Clinic staff knowledge and skills 
to recognize and respond to 
severe HTN

45-minute O-HTN 
Bundle training (phy-
sician led); 20-minute 
BP trainings (nurse 
led)

Imple-
mentation 
Phase

Facilitation Nurse Facilitator Coach Implementation Team through 
process elements of O-HTN Bundle

Implementation Team readiness 
to implement O-HTN Bundle

Monthly 60-minute 
coaching sessions

Imple-
mentation 
Phase

Simulate 
change

Nurse Facilitator Conduct and provide feedback on a 
simulation of a clinic patient presenting 
with an episode of severe HTN

Care Team knowledge and skills 
to recognize and respond to 
severe HTN

Three 20-minute 
simulations

Implemen-
tation and 
Sustain-
ment Phase

Distribute 
education 
materials

Nurse Facilitator Provide Implementation Team with 
O-HTN protocols, patient education and 
other materials

Implementation Team capacity 
to integrate O-HTN Bundle into 
routine practice

Ongoing Imple-
mentation 
Phase
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dant BP measurement technique to medical support per-
sonnel. They also will provide brief refresher trainings as 
needed during debriefing sessions following simulations 
(described below).

Facilitation One of two nurse facilitators on the research 
team will meet at least monthly with each clinic-based 
implementation team over the course of each cohort’s 
one-year implementation period. Both nurses are trained 
as Institute for Healthcare Improvement (IHI) coaches and 
will employ IHI methods and tools (e.g., Plan-Do-Study-
Act Cycles) [28]. Following a detailed protocol, nurse 
facilitators will coach teams on the processes involved in 
components of the O-HTN Bundle related to Readiness 
and Reporting/Systems Learning. They also will provide 
implementation teams with data collected on their clinic’s 
fidelity to Recognition and Response guidelines (i.e., BP 
measurement, patient education, and simulated response 
to severe HTN).

Simulate change Episodes of severe hypertension may 
present frequently in high volume obstetrics clinics, par-
ticularly those that specifically care for high-risk birthing 
persons. However, they are relatively rare in low volume 
primary care settings (< 1–2 times per month in the 
AC3HIEVE Phase 1 pilot clinics). Therefore, providers and 
staff have limited opportunity to apply what they learn in 
training. Simulation is a strategy recommended for rare 
events because it allows providers and staff to practice and 
become proficient in newly acquired skills [29]. The nurse 
facilitators will coordinate three simulations per clinic 
at the beginning, middle, and immediately after O-HTN 

Bundle implementation. During simulations, a standard-
ized patient (i.e., patient actor) will present with severe 
hypertension, and the care team will respond accordingly. 
Afterwards, the nurse facilitator will lead a debrief with 
the care team on their Recognition of and Response to the 
episode of severe hypertension as well as their provision 
of respectful care.

Distribute education materials The nurse facilitator 
will provide implementation teams with materials to sup-
port implementation and educate clinic staff, providers, 
patients, and patients’ family members. Materials include 
an algorithm to guide care team Response to severe hyper-
tension in the outpatient setting, sample clinic policies 
and protocols, and patient and family education mate-
rials. The research team developed materials in Phase 1 
and will continue to engage community partners through 
the coalition, patient-facing workshops and the PAG, to 
tailor materials for each new cohort. The nurse facilitator 
will coach the implementation team on how to customize 
materials to fit their setting and population.

Measures
As summarized in Fig.  2  and Table  3, data will be col-
lected on implementation, intermediate, and effec-
tiveness outcomes, and on potential determinants of 
implementation success. For practical purposes, data 
collectors will not be blinded to clinic assignment to 
implementation or comparison phase of the trial. For 
chart audits and observations, inter-rater reliability will 
be established prior to data collection and validation pro-
cedures put into place to promote data quality. Personal 

Fig. 2 Evaluation framework
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Table 3 Measures of outcomes and determinants
Construct Measure Source Frequency & Timing
A. Implementation Outcomes
Fidelity and equity* of fidelity to 
Recognition guidelines (Primary 
Outcome)

Medical Support Personnel measures BP and patient 
education is provided per guidelines

Observation of BP 
measurement technique 
checklist and chart audit 
of documented patient 
education

At least 3 times during Base-
line Phase; 3 times during 
Implementation Phase (at 3- 
to 6-month intervals); 2 times 
during Sustainment Phase

Fidelity to Response and Respect-
ful Care guidelines

Clinic care team treats severe HTN per guidelines 
(simulation)

Simulation checklist and 
Respectful Care checklist

2 times during Implementa-
tion Phase and 1 time at start 
of Sustainment Phase (at 
6-month intervals)

Fidelity to Implementation 
strategies

Nurse Facilitators delivers strategies per protocols Fidelity/Adherence 
checklist

Monthly during Implementa-
tion Phase

Fidelity to Implementation 
processes

Clinic Implementation Team completes recom-
mended implementation processes

Fidelity/Adherence 
checklist

Monthly during Implementa-
tion Phase

Reach and equity* of reach to 
patients

Number and representativeness of pregnant women 
with at least two clinic visits during Implementation 
Phase

Electronic Health Records Retrospective chart audit 
at end of Implementation 
Phase

Reach to providers and staff Numbers, proportion, and types of clinic staff partici-
pating in training/facilitation/
simulation

Nurse Facilitator Log At every training, facilitation, 
and simulation

Adoption and equity* of adoption 
by clinics

Proportion of invited clinics that agree to participate 
and reasons for declining

Project Coordinator Log During recruitment

Sustainment and equity* of 
sustainment

Sustained fidelity to Recognition guidelines (BP 
measurement technique and patient education)

Observation of BP 
measurement technique 
checklist and chart audit 
of documented patient 
education

2 times during Sustainment 
Phase at a 6-month interval

B. Intermediate Outcomes
Strengthened partnerships REST Survey, meeting attendance (numbers) [31] Coalition and PAG Coalition: Annually starting 

with the month the Coalition 
and PAG were formed

Expanded knowledge and im-
proved programs

FRAME-IS [32] guided documentation of how com-
munity engagement informed implementation 
strategies

Minutes from Coalition, 
PAG, Research Team, Story 
Circles, & Patient facing 
workshops

All phases of the project

Increased community capacity/
connectivity

Ripple Effect Mapping [33] Clinic providers/
staff, Coalition and PAG, 
Community members

Month 1 of Sustainment 
Phase

Organizational readiness for 
change

ORIC Survey (12 items) [35] Implementation Team Month 3 of Implementation 
Phase

Acceptability/
Feasibility

AIM, FIM surveys (8 items) [36] Implementation Team Month 3 of Implementation 
Phase

C. Determinants
Implementation Climate Implementation Climate Scale survey (18 items) [37] Clinic providers/staff Month 1 of Implementation 

Phase
Barriers/Facilitators CFIR-guided focus groups [48];

Clinic Sustainability Assessment Tool (CSAT) [40]; 
guided reflection [39]

Implementation Team Focus groups: Once during 
months 6–9 of Implementa-
tion Phase;
CSAT and guided reflection: 
Month 10 of Implementation 
Phase

Clinic Adaptations to implementa-
tion processes

FRAME-guided periodic reflection [38, 39] on how 
and why clinics adapted processes

Nurse Facilitators and 
Nurse Facilitator Log
Document review

Monthly during Implementa-
tion Phase

D. Effectiveness Outcome
Receipt and equity* of receipt 
of guideline concordant care for 
severe HTN

Retrospective chart audit of all pregnant women 
with systolic BP =/> 160 and/or diastolic BP =/>; 
distribution by race, insurance status, and Zip Code

Electronic Health Record 
audit

Annually at Baseline, Imple-
mentation and Sustainment 
Phases
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Health Identifiers (PHI) will be protected according to 
the IRB-approved procedures, and all data will be stored 
on password protected, HIPAA (Health Insurance Porta-
bility and Accountability Act)-compliant servers. Study 
documents containing PHI will be retained for a mini-
mum of three years up to a maximum of five years after 
the completion of study procedures to allow adequate 
time for data analysis, including secondary analyses.

Implementation outcomes To test the AC3HIEVE 
implementation strategy (Aim 2), we will compare fidel-
ity to two elements of the Recognition guidelines: blood 
pressure measurement and patient education (primary 
outcomes). Because severe hypertension is a rare event 
in most outpatient clinics, our primary outcomes address 
components of the O-HTN Bundle relevant to all preg-
nant women (Recognition) in order to provide a sufficient 
sample to demonstrate statistically significant differences. 
Using simulation, we will observe fidelity to O-HTN Bun-
dle guidelines for Recognition and Response to severe 
hypertension and Respectful Care. We also will observe 
fidelity to implementation strategies and processes, and 
reach, adoption, and sustainment (Aim 3).

Fidelity to recognition guidelines: blood pressure mea-
surement and patient education (primary outcome) A 
member of the research team will observe BP measure-
ment technique for at least 80% of medical support per-
sonnel at each clinic. To minimize interference with clinic 
workflow and eliminate the need for patient consent, we 
will provide a standardized patient and an observer will 
assess BP measurement technique using a structured 
checklist. To assess fidelity to guidelines for patient edu-
cation on hypertensive disorders of pregnancy, a mem-
ber of the research team will conduct retrospective chart 
reviews on a random sample of 20 prenatal care recipients 
per enrolled clinic who gave birth up to six months prior 
to the data collection timepoint. Clinics with fewer than 
20 births in the sample period will have 100% of charts 
audited. Chart reviewers will extract data on verbal and/
or written education provided, gestational week when 
education was provided, pregnancy-related information 
(prenatal care visits, parity, delivery date), and patient 
demographics (race/ethnicity, insurance status, and Zip 
Code). Consistent with the multiple baseline design, both 
measures will be collected at least three times for all 20 
clinics prior to the implementation phase. Measures also 
will be collected three times during the one-year imple-
mentation phase and two times during the one-year sus-
tainment phase.

Fidelity to response and respectful care guide-
lines Simulations will be videotaped, and trained observ-
ers will review the videos and document care team 

response using a standardized checklist to capture fidelity 
to Response and Respectful Care elements of the O-HTN 
Bundle.

Fidelity to implementation strategies and pro-
cesses The nurse facilitators will use checklists to doc-
ument research team completion of implementation 
strategies (e.g., trainings, simulations) and implementa-
tion team completion of the processes involved in the 
Readiness and Reporting components of the O-HTN 
Bundle (e.g., clinic-level patient education protocols and 
materials). Each completed item will be assigned one 
point, with a total score of 11 for fidelity to implemen-
tation strategies and 11 for fidelity to implementation 
processes. (See Additional File 3 for a complete list of pro-
cesses and strategies).

Reach We will document reach to birthing people and 
clinic staff. For birthing people, we will query the EHR to 
identify the number and demographics (race/ethnicity, 
insurance status, and Zip Code) of birthing people who 
were seen at least twice in each clinic during the imple-
mentation phase. We also will examine the degree to 
which the demographics of those reached are represen-
tative of the county’s population of birthing people. For 
reach to clinic staff, we will document the number, pro-
portion, and type of clinic staff participating in facilita-
tion, training, and simulation.

Adoption To assess adoption, we will document the pro-
portion of invited clinics that agree to participate and rea-
sons for declining.

Sustainment To assess sustainment, we will document 
clinic fidelity to Recognition guidelines (blood pressure 
measurement and patient education) two times at six-
month intervals during the one-year sustainment phase.

Intermediate outcomes To assess the impact of com-
munity-engagement implementation strategies, we build 
on the National Academy of Medicine’s Model for Assess-
ing Meaningful Community Engagement (ACE) [21]. This 
model posits that community engagement impacts health 
equity and systems transformation through four mecha-
nisms: strengthened partnerships, expanded knowledge, 
improved healthcare programs, and thriving communi-
ties [21]. To assess the impact of clinic-level implemen-
tation strategies, we will evaluate staff perceptions of 
organizational readiness for change and O-HTN Bundle 
acceptability and feasibility. Although many scholars clas-
sify acceptability and feasibility as implementation out-
comes, we follow the recommendation of Damschroder 
et al. (2022) and view them as antecedent to actual imple-
mentation [30].
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Strengthened partnerships We will administer the 
9-item Condensed Research Engagement Survey Tool 
(REST) [31] to assess coalition and PAG member percep-
tions of engagement (e.g., trust, respect, shared decision 
making among partners). We also will document atten-
dance at coalition and PAG meetings.

Expanded knowledge/improved programs Guided by 
the Framework for Reporting Adaptations and Modi-
fications to Evidence-based Implementation Strategies 
(FRAME-IS) [32], we will systematically document how 
input from community partners was used to tailor imple-
mentation strategies. The FRAME-IS provides a tool for 
documenting when, why, and how implementation strat-
egies are adapted to address context and the needs of 
implementation partners. Input from coalition meetings 
and the PAG, as well as findings from patient-facing work-
shops and Story Circles [25–27], will be presented to the 
research team during a series of discussions focused on 
how to tailor strategies (e.g., education materials, clinic 
trainings) to incorporate community input. During these 
meetings, we will use a structured template to document 
why and how strategies are tailored, guided by FRAME-IS 
[32]. Decisions on tailoring will be presented to the coali-
tion and PAG for member checking.

Thriving communities To gain understanding of the 
broader community impacts of AC3HIEVE, we will con-
duct Ripple Effect Mapping (REM) [33, 34] with clinic, 
patient, and community-based organizational partners 
at the end of each cohort’s implementation phase. REM 
offers a systematic, participatory process well-suited for 
assessing the multi-level impacts of complex community-
engaged interventions. Using appreciative inquiry and 
visual mapping to engage participants, REM will help us 
understand intervention impacts at multiple levels from 
the perspectives of patients, clinic providers/staff, and 
members of the broader community. We will conduct 
2–3 hour REM sessions with partners from each cohort at 
month 1 of sustainment. Each session will start by having 
pairs of participants engage in appreciative inquiry inter-
views to elicit perceptions of impact. This will be followed 
by an interactive mapping process designed to visually 
map collective perspectives on community impact.

Organizational readiness In month three of the imple-
mentation phase, we will administer the 12-item Orga-
nizational Readiness to Implement Change (ORIC) [35] 
survey to members of the implementation team. The 
ORIC assesses perceptions of an organization’s commit-
ment and efficacy related to a specific change, in this case 
implementation of the O-HTN Bundle.

Acceptability and feasibility In month three of the 
implementation phase, we will administer the validated 
4-item Acceptability Implementation Measure (AIM, 
α = 0.85) [36] and 4-item Feasibility Implementation Mea-
sure (FIM, α = 0.89) [36] to members of the implementa-
tion team.

Effectiveness outcomes
Receipt of guideline concordant care for severe 
HTN The study team will conduct retrospective chart 
reviews of all episodes of pregnant or postpartum patients 
presenting to the clinic with severe HTN in the 12 months 
prior, during, and after the implementation phase. The 
purpose of this retrospective chart review is to observe 
changes over time in Recognition of and timely Response 
to episodes of severe HTN in concordance with the 
O-HTN guidelines and across subgroups (Black, rural, 
and/or low-income).

Determinants
We will collect data on potential determinants of imple-
mentation and effectiveness outcomes.

Implementation climate In the first month of the imple-
mentation phase, members of the implementation team 
will complete the 18-item Implementation Climate Scale 
(α = 0.91) [37]. The scale captures six dimensions related 
to respondents’ perceptions of how their organization 
(i.e., clinic) prioritizes and values the implementation of 
evidence-based interventions generally, without focusing 
on a specific intervention.

Barriers and facilitators A team member with training 
in qualitative methods (MV) will conduct focus groups 
with each clinic’s implementation team to elicit their per-
ceptions of barriers and facilitators to O-HTN implemen-
tation. Focus group guides will be informed by the updated 
Consolidated Framework for Implementation Research 
(CFIR) [48]. Questions will assess determinants of clinic 
engagement with implementation strategies, comple-
tion of implementation processes, and fidelity to O-HTN 
Bundle guidelines. The focus group facilitator will not be 
involved in delivering implementation strategies.

Clinic adaptations to implementation pro-
cesses Guided by the Framework for Reporting Adapta-
tions and Modifications (FRAME) [38], a doctoral student 
under the supervision of a member of the research team 
(JL) will engage nurse facilitators in monthly periodic 
reflections [39] on why and how clinics have adapted 
implementation processes. This will include review of 
clinic-generated documents (e.g., policies, education 
materials) and nurses’ documentation of clinic fidelity and 
adaptations to implementation processes.
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Sustainability Each clinic implementation team will 
complete the Clinical Sustainability Assessment Tool 
(CSAT) [40] during month 10 of implementation. The 
tool identifies potential determinants of sustainability and 
includes 35 items in seven domains (e.g., engaged staff 
and leadership, workflow integration). The nurse facili-
tators will provide feedback to each team on results and 
will facilitate team reflection on factors contributing to 
domains with low scores and how those factors might be 
addressed.

Sample size considerations
Sample size was determined based on our primary out-
comes, fidelity to Recognition guidelines for blood pres-
sure measurement and patient education. In our Phase 
I pilot study, clinic-level fidelity to blood pressure mea-
surement protocols was assessed using this study’s struc-
tured checklist. Fidelity was 45.1% (SD = 5.2) at baseline 
and 76.8% (SD = 8.2) following receipt of the AC3HIEVE 
implementation strategy, a difference of 31.7% (SD = 11.4) 
pre- to post-implementation. Given this effect size, five 
clinics are needed to achieve 95% power under a one-
sample t-test with a 5% type-I error rate. Patient educa-
tion was not measured in Phase I, but a similar effect size 
is anticipated. The current study’s larger sample will allow 
sub-analyses of differences by clinic characteristics (e.g., 
primary care versus obstetric provider, prenatal volume, 
and demographics of the population served). A larger 
sample size will also allow for the evaluation of Response 
to relatively infrequent episodes of severe hypertension.

Analysis plan
Data will be analyzed using mixed methods. Descriptive 
statistics will be used to examine the distribution of vari-
ables, influential data points, and missing data, includ-
ing means (standard deviations) for continuous variables 
and frequencies (percentages) for categorical variables. 
Directed content analysis will be applied to qualitative 
data [41]. Two members of the research team will read 
through relevant documents (meeting minutes, ripple 
effect maps, focus group transcriptions, and/or notes 
from periodic reflections) to create code books. They 
will use Dedoose [42], a qualitative software program, 
to independently code documents and then meet to rec-
oncile coding discrepancies. The two team members will 
then identify themes within and across codes and present 
them to the implementation team members for member 
checking.

Compare effects of the AC3HIEVE implementation 
strategy versus usual care on fidelity to selected ele-
ments of the O-HTN bundle We hypothesize that 
fidelity to Recognition guidelines (BP Measurement and 
patient education) will be significantly greater at 6 and 12 

months after the AC3HIEVE implementation strategy than 
before. We anticipate that all participating clinics will be 
retained in the study. Hence, missing data on clinic-level 
variables will be minimal. If clinics are lost-to-follow-up, 
we will include only clinics with some follow-up data for 
the modified intention-to-treat (ITT) analysis. Data will 
be collected at multiple points during the baseline, imple-
mentation, and sustainment phases. We will use a linear 
mixed-effects model that includes secular trends, imple-
mentation effect, and heterogeneity to model the mean 
outcome.

In addition to comparing fidelity to O-HTN Bundle 
Readiness and Response guidelines before and after 
AC3HIEVE implementation strategies, secondary analy-
ses will include the association between fidelity to those 
guidelines and (a) clinic readiness [35], (b) clinic fidel-
ity to implementation processes, and (c) implementa-
tion team perceptions of acceptability/feasibility [36]. A 
Pearson or Spearman correlation coefficient for bivari-
ate analysis will be used to describe the correlation when 
appropriate. We will also explore whether clinic organi-
zational readiness (ORIC measure) [35] may mediate the 
impact of implementation strategies. A mediation anal-
ysis following Baron and Kenney’s steps will be used to 
test the mediation effect [43].

The implementation effect may be confounded by 
clinic-level covariates. We will explore confounding 
by adding the covariates into the primary model. If the 
change of the implementation effect exceeds 10%, we 
will conclude that confounding is possible and include 
the covariate in the model. We will also explore possible 
factors that may moderate the impact of implementation 
strategies on fidelity, including (1) the overall percentage 
of implementation team members who turn over dur-
ing the study period and (2) the implementation climate 
at baseline [37]. The moderation effect will be tested by 
adding an interaction with the implementation strategy 
in the primary model. Wald-type statistics derived from 
the linear mixed-effects model will be used to summa-
rize the test significance of the moderation effect. We will 
consider the clinic characteristics (e.g. family medicine 
versus obstetrician/maternal fetal medicine providers; 
prenatal volume; urban/rural residence, race/ethnicity, 
and insurance status of population served) by subgroups 
and test the difference between subgroups.

Observe effects of the AC3 HIEVE implementation 
strategy on other intermediate, implementation, and 
effectiveness outcomes We will use mixed methods to 
assess the impact of engagement on strength of partner-
ships, expanded knowledge/improved programs, and 
community capacity/connectivity (community-level 
intermediate outcomes). We will use descriptive statistics 
to describe the strength of partnerships developed with 
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coalition and PAG members based on findings from the 
REST survey [31] and meeting attendance. We will apply 
qualitative methods to document how community input 
led to expanded knowledge and improved programs (i.e., 
tailored implementation strategies) through directed con-
tent analysis of meeting minutes, guided by the FRAME-
IS [32]. Qualitative methods also will be applied to 
capture impact on the community through content analy-
sis of visualizations and minutes generated by the Ripple 
Effect Mapping exercise [33, 34]. Descriptive statistics will 
be used to document impact on clinic-level intermediate 
outcomes: clinic organizational readiness (ORIC mea-
sure) [35] and implementation team perceptions of the 
O-HTN Bundle (AIM & FIM measures) [36].

Descriptive statistics will be used to document impact 
on implementation and effectiveness outcomes: reach 
to patients and providers; adoption; fidelity to Response 
guidelines, implementation strategies, and implementa-
tion processes; and receipt of guideline concordant care.

Identify determinants We will use convergent mixed 
methods to identify factors that may explain gaps and 
variations in fidelity across clinics and for birthing persons 
who are Black, rural residents, and/or have low-income 
[44]. Each clinic will be assigned two fidelity scores: (a) a 
composite of fidelity to Recognition and Response guide-
lines and (b) fidelity to implementation processes. Matri-
ces will be used to identify patterns between clinic fidelity 
scores and potential determinants. Potential determi-
nants will include quantitative findings on organizational 
readiness, organizational climate, acceptability, feasibility, 
and fidelity to implementation strategies. The matrix will 
also include qualitative themes from CFIR-guided analy-
ses of focus group data and reflections on sustainability 
and adaptation. Matrices and narratives will be used to 
describe barriers and facilitators that may explain varia-
tions in fidelity [44, 45].

Dissemination of results
Results will be disseminated through peer-reviewed 
conference presentations and manuscripts, and find-
ings will be shared with study partners through other 
products such as newsletters, coalition meetings, and 
the AC3HIEVE website. AC3HIEVE nurse coordinators 
will share interim results with clinic participants during 
coaching sessions.

Discussion
In this study, we engage community partners to tailor 
and test our implementation strategies with the goal 
of improving the quality and equity of care for birthing 
persons who are Black, rural residents, and/or have low-
income. A strength of this study is the attention given to 
measuring the impact of implementation strategies on 

intermediate outcomes. Of particular note, we opera-
tionalize the National Academy of Medicine’s ACE model 
[21] to measure the impact of engagement strategies 
on relationships, implementation strategies, and com-
munity connections. A second strength is the emphasis 
on promoting care that is respectful and equitable, with 
a particular focus on birthing persons who are at great-
est risk for poor health outcomes. We do so by engaging 
with birthing persons and other community members to 
understand their experiences of pre- and post-natal care 
and how they define respectful care. We then measure 
the impact of our strategies on the delivery of respect-
ful and equitable care, followed by qualitative inquiry to 
explain variations in impact. Additional strengths of this 
study are attention to determinants of sustainability as 
recommended by Zurynski and colleagues [46] and the 
use of simulation as both an implementation strategy 
and a measure of fidelity to evidence-based guidelines. 
Simulation is a promising and understudied approach to 
guideline implementation for rare, high impact events 
[29].

The O-HTN Bundle is a compilation of evidence-based 
guidelines and recommended processes. This protocol 
provides a model for how to disaggregate elements of 
a Bundle into these two classes, each of which serves a 
distinct function and together comprise the innovation 
being implemented. Distinguishing between guidelines 
and processes is key to identifying the core clinical ele-
ments that must be implemented with fidelity versus pro-
cesses that may be adapted to fit the local context.

This study applies a multiple baseline design with 
implementation occurring across three sequential 
cohorts, in different counties. This design allows us to 
iteratively tailor implementation strategies to address the 
needs of each county’s clinic settings and populations. 
We expect that this will yield rich findings on how and 
when strategies work and how they might be tailored 
across diverse contexts. This design also introduces chal-
lenges. Although clinics are in different counties, there 
also is some risk for contamination across clinics.

The AC3HIEVE study is innovative in both its approach 
to reducing disparities in pregnancy-related severe 
hypertension, and in its study design which captures 
influences at both the community and clinic levels. 
Implementing the O-HTN Bundle in the outpatient set-
ting increases the likelihood of delivering high quality, 
respectful care to the most vulnerable pregnant and post-
partum patients. Incorporating the experiences of birth-
ing persons, their support network, and members of the 
broader community helps to address the structural issues 
that lead to inadequate Recognition of and Response 
to episodes of severe hypertension. This study’s design 
incorporates many of the recommendations for conduct-
ing rigorous multilevel implementation research such 



Page 12 of 13Leeman et al. BMC Health Services Research         (2024) 24:1156 

as specifying the context for different study populations 
and settings, defining the levels of each construct and 
how they relate to each other, and aligning measures with 
selected theories and frameworks [47]. If successful, the 
scale-up and spread of the AC3HIEVE multicomponent 
strategy for implementing the O-HTN bundle will occur 
more rapidly and effectively because of the emphasis on 
sustainability planning and measurement.
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