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Abstract
Background
Hospital-focused maternal health safety and quality guidelines have been found to reduce pregnancy-related and -associated morbidity and mortality (PRAMM). Unfortunately, quality of obstetric care can improve without affecting disparities. This project is the first controlled implementation trial to test approaches to implementing safety guidelines that: (1) target PRAMM disparities; and (2) focus on community care (care provided outside hospitals in outpatient and other community settings, and coordination among care settings), where most deaths occur. It is also one of the first to test scale-up or sustainment implementation approaches to addressing maternal morbidity and mortality disparities.

Methods
This project, one of three in the federally funded Multilevel Interventions for Raci.a.l Equity (MIRACLE) Maternal Health Research Center of Excellence, will develop and evaluate an implementation approach for scaling up bundled equity-focused maternal health safety guidelines in community care settings county-wide. The scale-up approach will be co-developed with partners, and then tested using a cluster randomized stepped-wedge trial of 12 Michigan counties with a total population of nearly 6 million. Randomization occurs at the county level; birthing people and providers are clustered within counties. PRAMM outcomes (individual level; primary) will be extracted from a pre-existing statewide linked dataset that includes Medicaid claims and vital records data. The sample will include all Medicaid insured individuals in the 12 counties observed during pregnancy, at birth, and up to 1 year postpartum during the project period (~ 151,920 births, including ~ 49,110 births to Black and/or Hispanic mothers). Implementation outcomes (provider level) will be collected using annual provider (n = 600) surveys and will include scale-up (penetration, reach, control for delivery, and intervention effectiveness at scale) and sustainment (maintenance of fidelity to core elements, health benefits, and capacity to deliver core elements over time) of bundles and cost-effectiveness of implementation approaches.

Discussion
This implementation trial will be the first to evaluate an implementation approach to scaling community health equity-focused maternal safety guidelines, addressing an understudied aspect of implementation science (i.e., scale-up). The study will also provide information about implementation cost-effectiveness needed to drive policy decisions.

Trial registration
The study was prospectively registered on Clinicaltrials.gov (NCT06541951) on August 6, 2024. The first participant has not yet been recruited. The url for the trial registration is: https://​clinicaltrials.​gov/​study/​NCT06541951?​locStr=​Flint,%20​MI&​country=​United%20​States&​state=​Michigan&​city=​Flint&​rank=​1.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s43058-024-00677-7.
Keywords
Health inequitiesMaternal healthMaternal mortalityImplementation scienceHealthcare disparities
Contributions to the literature

	This paper describes the first study to develop and test a scale-up focused implementation approach for maternal health equity.

	This protocol provides an example of a rigorous randomized study design that is unusual in that it: (1) implements across health and community organizations county-wide and then evaluates population-level (i.e., county-wide) health outcomes, and (2) focuses on scale-up frameworks and outcomes.

	Implementation of guidelines for improving health equity, a focus on community (i.e., non-hospital) care, and use of equitable research processes make this trial protocol notable.





Background
Disparities in pregnancy-related and -associated morbidity and mortality
Pregnancy-related and -associated morbidity and mortality (PRAMM) is a critical problem in the United States (U.S.) The U.S. maternal mortality rate is the highest among high-income countries [1, 2]. Around 80% of these deaths are preventable [3, 4]. Pregnancy-related deaths are deaths during pregnancy or 1 year postpartum caused or triggered by the physical effects of pregnancy. Pregnancy-associated deaths (e.g., homicide, suicide, overdose) are common and increasing [5, 6]. In Michigan (the location of this project), pregnancy-associated deaths make up an additional 4 times as many deaths as pregnancy-related deaths [7]. Severe maternal morbidity (SMM) affects another 60,000 in the U.S. every year [2, 8, 9]. Finally, non-severe maternal morbidity (NSMM) is defined as “any health condition attributed to and/or complicating pregnancy and childbirth that negatively impacts a woman’s well-being and functioning” during pregnancy and postpartum [10, 11]. NSMM includes direct (e.g., delivery complications, hypertensive disorders of pregnancy); indirect (e.g. mental health disorders, endocrine, nutritional, and metabolic diseases); and co-incidental (e.g., partner violence, sexual assault) diagnoses and procedures [12]. Although these co-occurring conditions are classified as “non-severe,” they are experienced by a large number of pregnant and postpartum people (~ 30%), involve suffering and impairment, and increase the burden of disease during pregnancy and postpartum [13]. We use the term “PRAMM” to encompass pregnancy-related and pregnancy associated deaths, SMM, and NSMM during pregnancy and through 12 months postpartum.
There are strong racial/ethnic disparities in PRAMM. Black birthing people are 3–4 times more likely to have pregnancy-related complications and die [14] compared to non-Hispanic white (NHW) counterparts nationally [15, 16]. In addition, Black individuals experience pregnancy associated intimate partner homicide at more than 3–5 times the rate of NHW people and more than 8 times the rate of their non-pregnant peers [6, 17]. Black individuals also have higher rates of SMM [8, 18] compared to their NHW counterparts [18, 19]. In fact, Black individuals have the highest rates for 22 of 25 SMM indicators used by the Center for Disease Control and Prevention (CDC) [19]. Black individuals also have higher rates of many NSMM conditions than their NHW counterparts, including elevated rates of perinatal depression and anxiety disorders [20], hypertension [21], preeclampsia [22], and delivery complications [23], among others. Although Hispanic people do not have elevated rates of maternal death, they do have 55% higher rates of SMM than their NHW counterparts [13]. Disparities across PRAMM mean significant disparities in preventable suffering, disability, and death.


The importance of focusing safety and quality efforts on equity
Implementing safety and quality improvement initiatives is a high priority for addressing maternal morbidity and mortality [24]. Practice efforts in California have demonstrated that widespread use of hospital-focused maternal safety bundles (i.e., small sets of evidence-based guidelines) [25] are an important part of successful efforts to reduce maternal morbidity and mortality [24]. In fact, California’s maternal mortality rates decreased from 1999 to 2013, while rates in the rest of the country doubled [24, 26]. 
However, overall quality of obstetric care can improve without any effect on disparities [27, 28]. For example, California’s efforts reduced maternal mortality but did not reduce maternal mortality disparities. [26] The National Institutes of Health (NIH) has stated that, “Disparities in maternal outcomes persist after controlling for patient characteristics (e.g., health behaviors, preconception health) and health care system factors (e.g., site and overall quality of care), suggesting that additional factors may be contributing to maternal morbidity.” [27] Therefore, it is important to develop, use, and evaluate quality and safety approaches specifically targeting racial and ethnic disparities [27]. 
Another important aspect of reducing PRAMM is addressing safety and equity in community care. Community care consists of care provided outside the hospital in outpatient and other community settings and coordination of care across settings. Given that only 17% of U.S. pregnancy-related and pregnancy-associated deaths occur around the time of delivery (meaning that 83% take place during pregnancy or postpartum) [29], outpatient and community efforts are important.
The first community care safety bundles focusing on maternal health equity have been developed recently. The national Council on Patient Safety in Women’s Health Care previously created patient safety bundles (or care guidelines) related to inpatient obstetric care [30]. With funding from the U.S. Health Resources and Services Administration, the National Health Start Association launched a new initiative (the Alliance for Innovation in Maternal Health Community Care Initiative; AIM-CCI). AIM-CCI has developed 5 equity-focused maternal safety bundles for community-based organizations and outpatient clinical settings using an equity-centered inclusive process shaped by birthing people, providers, community partners and agencies [31]. These bundles (Table 1) constitute the set of equity best practices to be scaled up in this project.
Table 1Example guidelines from the AIM-CCI equity focused maternal safety bundles [32]


	Community care for postpartum safety and wellness bundle guidelines include:
• Foundation-level: stratify outcomes data by race/ethnicity, ensure smooth communication pathways among inpatient/outpatient/community-based providers for care continuity 
 • System-level: remove barriers to postpartum care and annual well-woman visits, improve emergency response protocols, review Self-Assessed Measure of Racial Equity Capacity
 • Birthing person-level: provide culturally responsive education on postpartum warning signs, provide care coordination for pregnancy spacing and a range of contraception options
 • Provider-level: touch base with birthing person within 3 weeks postpartum, ask everyone of child-bearing age if they have been pregnant in last year 

	Community care for maternal mental health bundle guidelines include:
 • adopt and train staff in culturally appropriate mental health screening tools
 • screen every pregnant women/birthing person with the tool/s
 • establish referral and follow-up protocols for positive screens
 • train staff and community partners on signs of maternal mental illness
 • ensure a culturally relevant, trauma-informed, asset-based response
 • collect, report community-level data on stress, trauma, anxiety, depression
 • stratify outcomes by race/ethnicity/social determinants. 

	Community care to address management of chronic conditions during pregnancy bundle guidelines include:
 • Provide education to all women and their supports on risks and warning signs for hypertension and diabetes that warrant contacting their OB provider
 • Screen for and identify risks for chronic or emerging medical conditions during pregnancy, including social/structural determinants and lifestyle factors that impact chronic disease
 • Establish a referral and follow-up mechanism to close the loop based on screening results
 • Implement a process for ongoing culturally appropriate and collaborative care management that is consistent with the pregnant woman/birthing person's goals.

	Community care to address management of chronic conditions during postpartum bundle guidelines include:
 • Implement a culturally appropriate stage-based emergency response protocol for people presenting with medical symptoms or life-threatening conditions during the first year postpartum using a respectful care approach
 • Train all staff on culturally appropriate application of the most up to date clinical guidelines regarding risks, warning signs and interventions for hypertension, diabetes, and healthy weight during the first year postpartum using a respectful care approach
 • Assess current community resources for healthy food access considering cultural appropriateness to assist mothers/birthing persons during the first year postpartum
 • Collaborate with the birthing person to establish a plan to provide ongoing interventions to support the transition to primary, specialty, and well woman care

	Intimate partner violence bundle guidelines include:
 • Assess current partner violence screening tools, interviewing techniques, and interventions for cultural appropriateness. Train staff on culturally appropriate partner violence assessment and interventions using a trauma informed approach
 • Assess all birthing people for interpersonal violence using cultural appropriate tools
 • Provide universal education to all birthing people on intimate partner violence
 • Implement processes for ongoing culturally appropriate and collaborative safety planning that is consistent with the birthing person's goals
 • Assess implementation of partner violence interventions for application across all modalities in the setting (telehealth, home visitation, etc.)




Addressing maternal morbidity and mortality disparities is of high priority to policymakers, and use of implementation science has been recommended. For example, the U.S. House of Representatives Black Maternal Health Caucus proposed the Black Maternal Health Momnibus Act [33]. The Caucus also advocated for the now-funded NIH IMPROVE (Implementing a Maternal Health and Pregnancy Outcomes Vision for Everyone) maternal health equity initiative [34]. NIH, including the NIH plan to improve the health of women [24], has emphasized the need for implementation science research to address maternal morbidity and mortality disparities [24, 27, 35–37]. This project answers that call.

The science of scale-up and sustainment
Innovations have limited impact on societal health if they are not scaled up and sustained. Yet scale-up and sustainment are under-studied aspects of implementation science. This is a common problem bemoaned in the literature [38–52] and by our health and community partners. Fitting for the scope of the problem of PRAMM disparities, this study focuses focus on scale-up and sustainment.
This project uses the Zamboni et al. [39] definition of scalability as “the ability of a health intervention shown to be efficacious on a small scale or under controlled conditions to be expanded under real-world conditions to reach a greater proportion of the eligible population, while retaining effectiveness.” [39, 50, 51] This definition encompasses three themes: (1) expansion of coverage and penetration, the potential reach of an intervention within and across organizations; (2) transferring control for delivery from initial implementers or innovators to local actors and embedding the intervention in local delivery systems; (3) retaining effectiveness as the intervention is scaled up [39, 50, 51]. Sustainment occurs when a program’s core elements are continued at sufficient fidelity, health benefits continue (i.e., effectiveness), and capacity for continuation of core elements is maintained [40–42]. Implementation measures are taken from these definitions.
Scale-up approach development steps are taken from these definitions and the Institute for Healthcare Improvement Framework for Going to Full Scale (IHI-FS) [47, 53]. Few if any extensively tested models of scale-up exist. We chose to test the IHI-FS scale-up model because: (1) it is well-described and was developed from a synthesis of existing scale-up models; [47] and (2) although not previously tested in controlled trials, the IHI-FS has been used as a guiding framework to successfully scale maternal and child health interventions nationally in other countries [47]. Given that there are few extensively tested models of scale-up and scalability, our controlled test of an implementation approach based on this model is innovative and will contribute to the implementation science literature.

Contributions of this project
This is the first controlled implementation trial of which we are aware to test approaches to implementing safety bundles that focus on: (1) PRAMM disparities; and (2) community care, where most deaths during pregnancy and postpartum take place [29]. This will also be the first study to develop and test a scale-up (or sustainment)-focused implementation approach for addressing maternal morbidity/mortality disparities, and will advance the science of scale-up and sustainment. Because the study tests scale-up, we wanted to include as large a population and number/variety of agencies as possible. Therefore, the trial cluster randomizes 12 counties (with a combined population of 6 million) in 4 steps. It uses a stepped wedge design to improve power, to allow each county to serve as both control and intervention (reducing potential randomization imbalances), and because we anticipate that systems changes made during the trial will persist. County-wide health outcomes will be assessed using Medicaid data. Provider-level implementation outcomes will be assessed using annual provider (i.e., nurse, doula, midwife, physician, home visiting staff, community health worker, perinatal social worker, etc.) surveys and study team tracking. Specific aims of this project are to:
	Aim 1.
Develop a county-wide scale-up focused implementation approach for equity-focused, community care maternal safety bundles with community and clinical partners.

 

	Aim 2.
Test the scale-up focused implementation approach using a stepped-wedge trial of 12 Michigan counties, with the following outcomes:

 





	a.
Health impact on Black/Hispanic:

 




	i. PRAMM (overall [primary] & relative to NHW])

	ii. Severe maternal morbidity and pregnancy-associated mortality only (up to 1-year postpartum; overall & relative to NHW).





	b.
Implementation outcomes (provider-level): scale-up [39] (reflected by penetration, reach, control for delivery, and intervention effectiveness at scale) and sustainment [40, 42] (reflected by maintenance of fidelity to core elements, health benefits, and capacity to deliver core elements over time).

 

	c.
Costs and cost-effectiveness of implementation approaches.

 






Methods
This project is one of three linked projects and two cores addressing maternal morbidity and mortality disparities that make up the Maternal Health Multilevel Intervention/s for Racial Equity (MIRACLE) Center (U54 HD113291), one of the Maternal Health Research Centers of Excellence funded through NIH’s IMPROVE Initiative [34]. 
Community engagement
This project engages at least two communities. The first includes Black and Hispanic (B/H) people, including those who are pregnant or postpartum. The second “community” consists of the clinicians and healthcare/community agencies whose practices, patterns, and behaviors we hope to influence to address maternal health disparities. Often, these communities overlap (i.e., our health system partner representatives are B/H women). We take our community engagement model from Shediak-Rizkallah and Bone [42], who suggest that participation ➔ ownership ➔ improved capacity ➔ sustained program.
We have worked with our partners to create a project (and a Center) that is equitable both in content and in process. For example, each project and the Center itself are led by joint academic and community/clinical Principal Investigators (PIs) from our target communities. The project builds on years of work by Center Health/Community PI Ms. Vander Meulen, who has been part of the national AIM-CCI bundle development effort and has been the lead of one of the first six sites nationally to implement and test the bundles. Project idea. Ms. Vander Meulen suggested that the AIM-CCI bundles are a critical component of achieving maternal health equity, providing part of the focus for this project. Project Health/Community PI Ms. Clement provided the other part of the focus for this project: the importance of scale-up and sustainment. Project development. After the core idea of the project was developed, Center academic and health/community investigators and partners met weekly (and sometimes more often) to hone project ideas, approaches, and development. Of the 15 core members of the group that meet weekly to develop the Center, all but 3 were women and more than half identified as Black or Hispanic. About a third were from the university, about a third were from the large health systems, and about a third were from community-based organizations. During proposal preparation, they met at least weekly, discussed their interests in the project, and agreed to leverage their social capital to help meet study aims. Project conduct. Members of all these communities are valued members of the study team and meet regularly to inform the study implementation intervention and study procedures. Dissemination for this project and for the Center is intricately partnered and will leverage social networks.

Aim 1: development of the scale-up implementation approach
Previous work
Kent County Healthy Start at Corewell Health (one of our partners) has been the lead of 6 national pilot communities developing and implementing the AIM-CCI community care bundles since 2020. The Community Principal Investigator of the Center has been leading this effort for Kent County. Bundles have also been implemented in Genesee County, Michigan as part of another of our projects [54]. Implementation of AIM-CCI bundles in these two Michigan counties represents the “set up” and first part of the “build the scalable unit” steps of the IHI-FS (Table 2). This experience has yielded (1) structured and detailed implementation process notes [45, 55–57] of later stage AIM-CCI bundle implementation in Kent County and earlier stage AIM-CCI bundle implementation in Genesee County; (2) implementation experience with the bundles; and (3) relevant partnerships, all all of which will be used in the scale-up approach development process. The current project will use implementation data and experiences from these initial efforts to create a scale-up focused implementation intervention, which will be tested in a 12-county implementation trial.
Table 2 Operationalization of the IHI Model for Going to Full Scale in implementation approach development in the current study



[image: ]



Development tasks in current project
Table 2 shows how the IHI-FS is operationalized in this project. The national AIM-CCI team has already addressed Step 1 (creating and packaging the AIM-CCI bundles to be scalable). Our prior work has already addressed the first half of Step 2 of the IHI-FS (define and measure scale-up objectives and beginning to build the scalable unit; see Table 2). For this project, development and manualization of the scale-up implementation approach will follow the second half of Step 2 (“integrate impact and process evaluation”) described in Table 2, leveraging data and manuals from previous implementation and partners described in Table 3.
Table 3Aim 1 assets and partners


	Data and manuals from previous implementation efforts
	Organizational partners

	1. Detailed AIM-CCI implementation practice and research experience and data from Kent and Genesee Counties. This includes structured prospective implementation process notes (used successfully in prior studies [45, 55–58]) documenting the actors, recipients, purpose, encounter length, a checklist of implementation strategies used (from Powell et al., 2015), [59, 60] a checklist of discussion topics, and free response sections of all implementation activities. We also have annual county-wide surveys for providers asking about recipients’ knowledge of the AIM-CCI bundle topics for that year (i.e., bundle reach [32]) and actions taken to address each bundle guideline (i.e., bundle adoption) for Kent and Genesee Counties as part of a previous study [54].
	1. Center health and community partners include representatives of the kinds of agencies targeted for scale-up, including those who have been involved in AIM-CCI implementation efforts in Kent and Genesee Counties [54].
2. The Michigan State Medical Society will help with provider engagement, communication, and policy advocacy.
Insights from ongoing practice efforts
3. National AIM-CCI will provide practice perspectives from the 5 other national pilot counties using AIM CCI bundles about making implementation scalable & sustainable.
4. Michigan AIM (not AIM-CCI) workgroup, including Consultant Dr. Bob Sokol, will provide practice perspectives from efforts to support use of inpatient AIM bundles in Michigan. Their perspectives on levers for change in Michigan will be useful.

	2. Manualized sustainment implementation approach. We have manualized, used, and documented a sustainment intervention in a previous trial implementing postpartum depression prevention in 98 agencies serving low-income pregnant individuals nationally [45]. These agencies are similar to many of the agencies we will be targeting in the current project. Having sustainment approaches already manualized will allow us to focus development efforts on scale-up.
	During the development phase, we will seek additional partnership with state and local maternal infant health committees, health equity committees, quality collaboratives, mortality review committees, and agencies and community-based organizations focused on improving health, well-being, and health equity for pregnant and postpartum people.




Our approach to change package development will use an Implementation Mapping [58] approach within the IHI-FS framework. Implementation Mapping involves five tasks [58]. The first task is to identify program adopters and implementers and conduct an implementation needs assessment. We will begin with a list of Medicaid providers. We will refine and augment this list in partnership with state, regional, and local partners listed in the right column of Table 3 to identify relevant perinatal and community agencies in the 12 target counties. The study team will verify contact information, addresses, and help to identify the most appropriate agency representatives. The baseline (pre-implementation intervention) provider survey, which evaluates provider use of and familiarity with the guidelines will constitute the needs assessment.
The second task is to identify implementation outcomes, performance objectives, determinants, and change objectives. Implementation outcomes are already identified. Determinants will be identified through qualitative and quantitative analysis of implementation process and outcome data in Kent and Genesee Counties (described in the left column of Table 3). We will conduct thematic analysis of the structured process notes to identify determinants, including barriers and facilitators. We will also conduct exploratory analyses of frequency of use of each implementation strategy in each clinic/setting as predictors of adoption and sustainment in those agencies. Although these analyses are exploratory, they should provide initial insights. We will then convene a series of working groups with the organizations listed in Table 3 to review the data from Tasks 1 and 2 (i.e., the needs assessment and quantitative and qualitative analyses) to provide additional insight into determinants, and to develop and hone performance and change objectives.
The third task is to select frameworks and design implementation strategies. Our framework, the IHI-FS is already selected. We are using the determinants and performance/change objectives identified in the previous task to collaboratively (with partners listed on the right side of Table 3) select approaches/strategies to address each of the adoption mechanisms/support systems requirements outlined by the IHI-FS in the right column of Table 2 (i.e., maximize reach, shift control for delivery to local actors, ensure capacity to conduct the program effectively, create/provide infrastructure for scale-up, collect and share data with staff and leaders, design for sustainability, enroll and train leaders, communicate about value of the intervention, support through policy, and create a culture of urgency and persistence). Consistent with the IHI-FS and with AIM-CCI recommendations, implementation strategies will include learning collaboratives. Therefore, at least one of the manualized implementation approaches will be to work with community providers to convene local collaborative learning groups of community prenatal and postnatal providers who meet regularly to share ideas and experiences to support one another in implementing the bundles, learning from each other, and providing feedback to the implementation team. We will work with partners listed on the right column of Table 3 to determine how best to structure and leverage these groups. As noted in the left column of Table 3, we already have several sustainment strategies manualized and tested [45]. These will be integrated into the scale-up strategies identified in this process.
The fourth task is to produce implementation protocols and materials. To reduce burden on our partners, our team will take the lead on this, but will iteratively review drafts with members of the organizations listed in Table 3 to ensure they seem appropriate and meet the needs of our target group of clinical and community providers.
The fifth task is to evaluate implementation outcomes. This task can be iterative [58], fitting well with the IHI-FS, in which implementation/scale-up is iteratively tested, first in “set up” (i.e., implementation and assessment of implementation outcomes in two counties - Kent and Genesee), then through “testing scale-up” (in 12 counties in Aim 2 of this project), and then by “going to full-scale” (i.e., all counties, future efforts; see Table 2) [47]. 
Following IHI-FS and other recommendations for scale-up, planned development of the scale-up implementation approach: (1) integrates impact and process evaluation; [39, 47] (2) uses learning collaboratives and workgroups to manualize and hone implementation blueprints [59, 61] to test in Aim 2; [47] and (3) combines subject matter experts with application experts to help organizations select, test, and implement changes [62]. 


Aim 2: Test the scale-up focused implementation approach in a 12-county stepped wedge trial
Counties
After the scale-up implementation approach is developed and manualized, we will test the approach throughout the 12 counties using a stepped wedge design (Fig. 1; Table 4). We chose the 11 counties in Michigan with the highest number of annual Medicaid-covered births to B/H mothers, excluding the two counties (Kent and Genesee) that have been implementing the bundles in R01 MD016003, plus one rural county to examine interactions with an intervention led by a different Center project.[image: ]
Fig. 1Map and estimated characteristics of counties and county randomization blocks

Table 4Study timeline


[image: ]



Randomization and assignment to conditions
Birthing people and providers are clustered within counties. Counties have been assigned to four blocks to balance number of Medicaid-covered births to B/H people and region of Michigan (Fig. 1). Blocks and estimated annual number of Medicaid-covered births to B/H people include: Wayne County (n = 5,502); Oakland, Ingham, and Isabella counties (n = 864); Macomb, Muskegon, Calhoun, and Jackson counties (n = 988); and Saginaw, Kalamazoo, Berrien, and Washtenaw counties (n = 831). The study statistician will randomize the four blocks to the four steps of this stepped wedge trial. We anticipate that providers within counties will largely be the same over time, and that birthing people within counties will largely be different (though subsequent births or moves within the project period are possible).

Care as usual comparison condition
Our comparison condition is usual care available to Medicaid insured pregnant and postpartum people in Michigan prior to implementation of the AIM-CCI bundles. Analyses by our team suggest that among Medicaid-covered birthing individuals in Michigan, approximately 76% receive adequate prenatal care, 49% use the emergency department at least once during pregnancy, and 59% receive postpartum care within 60 days after birth [63]. None of the 12 counties in the stepped wedge (and only a small handful in the entire country) have tried to implement the AIM-CCI bundles.

Characterization of the scale-up implementation intervention
Every implementation activity will be documented in an electronic implementation case note. The case note will include: encounter length, time spent on operational vs. clinical support, a checklist of implementation strategies used (taken from Powell et al., 2015) [59] as recommended in recent guidelines for specifying and reporting implementation strategies [60], a checklist of discussion topics, and free response sections to describe staff’s responses and anything not covered by the checklists. We will assess the frequency with which each of the Powell strategies occur. This will allow us to characterize the timing and type of support at each site, to examine (1) fidelity to the implementation framework; (2) the association of these variables with scale-up and sustainment outcomes; and (3) agency participation or non-participation in offered supports.

Sources of data and study samples
Health outcomes
We will rely on the linked Michigan Department of Health and Human Services (MDHHS) Health Services Data Warehouse maintained by MDHHS to assess health outcomes. The linked sources of data include: (1) complete Medicaid pregnancy, and postpartum (typically 12 months after birth) medical claims; (2) monthly Medicaid eligibility during pregnancy and postpartum; (3) birth records, including data on pre-pregnancy and pregnancy risk factors (e.g. chronic disease, prior preterm births); (4) maternal death records; (5) census tract data; and (6) some prenatal and postpartum screening data.
The study population for health outcomes will consist of all pregnant individuals with Medicaid while pregnant, in the month of birth, or during the 12 months postpartum who give birth during the first 6 years of the study period in the 12 counties, as identified in the MDHHS Health Services Data Warehouse. Maternal race will be assessed based on birth records. County of residence at delivery will be used to identify birthing people in intervention and control counties. County of delivery will be used to assign mothers to project counties in sensitivity analyses.

Implementation outcomes
The study sample for implementation outcomes will consist of health care providers (of all kinds, including nurses, doulas, midwives, physicians, home visiting staff, community health workers, perinatal social workers) and agencies serving pregnant or postpartum people with Medicaid in the target counties, identified through Medicaid directories and internet searches. We will identify relevant clinical and community programs that touch birthing persons (such as the Michigan Maternal Infant Health Program; Healthy Start; other home visiting programs; etc.) through internet searches and through state and local partners. In the last 3 months of Years 1–6 (for 6 total surveys), we will send a brief annual survey to all providers in the study sample in all 12 counties (~ 600 providers total) to assess implementation outcomes (see Table 5). The survey will be offered through both electronic and paper forms and will use best practices to maximize provider survey responses [64].
Table 5Implementation outcomes and measures


	 	Sub-construct
	Indicator/s
	How assessed?

	Scale-up
(Zamboni et al. [39])
	Penetration
	% providers/staff using practices recommended in AIM-CCI bundles
	Annual provider/staff survey

	Reach
	# perinatal people who receive practices recommended in the AIM-CCI bundles
	Annual provider/staff survey

	Control for delivery
	Shifts to local actors, is embedded in local delivery systems
	Annual provider/staff survey

	Effectiveness retained as intervention scaled
	Aim 2 population-level health primary outcome (PRAMM)
	MDHHS Data Warehouse

	Sustainment
(Wiltsey-Stirman et al. [40–42])
	Core elements continue at sufficient fidelity
	Fidelity to core elements at each time point
	Annual provider/staff survey

	Health benefits continue over time
	Slope of Aim 2 health outcome (PRAMM) annually after county moves into “intervention” phase of stepped wedge
	MDHHS Data Warehouse

	Capacity continues over time
	Slope of capacity annually after county moves into “intervention” phase of stepped wedge
	Annual provider/staff survey






Sample size and power
Given the available sample size, we determined the effect sizes detectable with power of .80 in two-sided tests at .05 level of significance for all study hypotheses.
Health outcomes
Analyses will be at the pregnant person level, with ~ 151,920 births, including ~ 49,110 births to B/H mothers/birthing people (~ 8,185 births per year for each of the 6 assessment years). The unequal cluster (county) size will be accounted for at the individual level with the appropriate weights incorporated into standard errors. Because Wayne County (which includes Detroit) is an outlier in terms of its size (N = 5,502 B/H births per year), we conducted power analyses with and without Wayne County to ensure that primary and sensitivity analyses have sufficient power for tests of hypotheses.

PRAMM
There are more than 120 PRAMM conditions, but each person will have a limited number of them. Following recent data [13], we assumed a distribution with 70% zeros and decreasing probabilities for higher counts resulting in a control (pre-intervention) mean of 1.03 and standard deviation 2.11. The estimated intraclass correlation coefficient (ICC) was 0.003 and the coefficient of variation 0.10 based on 2019 MDHHS Data Warehouse data. We calculated power for example effect sizes (Cohen’s d; Table 6) using the Hussey and Hughes approach [65].
Table 6Power and detectable effect sizes for health outcomes (intervention vs. control)


	 	Power with 
Wayne County
	Power without 
Wayne County

	d=0.03 (PRAMM)
	.99
	.81

	d=0.04 (PRAMM)
	.99
	.96

	Relative risk=0.85 (SMM)
	.99
	.81

	Relative risk=0.83 (SMM)
	.99
	.92




SMM
For the secondary yes/no outcome of SMM, based on the literature [13], the rate is 4.35% among Medicaid-insured Black individuals, 2.99% among Hispanic individuals, and 1.3% among non-Hispanic White. Based on demographic characteristics in the sample, the control (pre-intervention) SMM rate is 3.98% for B/H participants in the entire sample of 12 counties, and 3.94% for counties other than Wayne. Projected post-intervention rates detectable as significantly different from control were computed. Even very small reductions in PRAMM and SMM are detectable given the proposed sample size, with or without Wayne County (see Table 6).

Implementation outcomes
For implementation outcomes, assuming 28% response rate of 600 (~ 50/county) providers, the number of observations across 12 counties each year is n = 168. We used a conservative upper range of ICCs for clinicians (0.05–0.1) and correlation of 0.6 between pairs of repeated measures for clinicians over time in a cohort design to determine power to detect example small to medium effect sizes (Table 7).
Table 7Power and detectable effect sizes for implementation outcomes (intervention vs. control)


	 	Power with intraclass correlation = 0.05
	Power with intraclass correlation = 0.10

	d = 0.26
	.98
	.82

	d = 0.33
	.99
	.96






Assessments
Health outcomes
Our primary health outcome is Black/Hispanic PRAMM (overall & relative to NHW). PRAMM is a count variable reflecting overall number of diagnoses/procedures/incidents from NSMM, SMM, and pregnancy-associated mortality (which includes pregnancy-related mortality). Components of this composite measure are defined below. Our secondary health outcome is SMM/pregnancy-associated mortality (overall & relative to NHW), a yes/no outcome that = 1 if there is SMM and/or mortality and 0 otherwise.
Non-severe maternal morbidity (NSMM), is defined by the WHO’s Maternal Morbidity Working Group (MMWG) [10] as ”any health condition attributed to and/or complicating pregnancy and childbirth that has a negative impact on the woman’s well-being and functioning” during pregnancy and postpartum [12, 66, 67]. Most NSMM are measurable using International Classification of Diseases (ICD-10) diagnostic and procedure codes [11] with standard definitions adopted by the WHO [11, 12]. To capture multimorbidity in our sample, the overall NSMM indicator will be the sum of WHO-delineated NSMM diagnoses and procedures [11, 12] identified in a woman’s Medicaid claims during pregnancy and up to 12 months postpartum. We will also assess the following WHO-defined subcategories: (1) number of direct NSMM diagnoses and procedures [12]; (2) number of indirect NSMM diagnoses and procedures; and (3) number co-incidental NSMM diagnoses and procedures [12]. Disparities will be defined as the percent difference between non-Hispanic Black-NHW and Hispanic-NHW outcomes.
We will assess severe maternal morbidity (SMM) [68] using CDC’s list of 21 SMM indicators based on ICD-10 diagnosis and procedure codes [69] that occur antepartum, intrapartum, and up to 12 months postpartum [9]. Pregnancy-associated death will be defined as a death during pregnancy or within one year of delivery or termination of pregnancy [70], which may be from a cause related [2] or unrelated to pregnancy and will be considered present if a death record is linked to the pregnancy or birth record. Disparities will be defined as the percent difference between non-Hispanic Black-NHW and Hispanic-NHW outcomes.

Implementation outcomes
Most implementation outcomes will be measured using the annual provider survey. The same survey will be given to the same providers in all 12 counties each year (i.e., all measures will be collected in all counties at all 6 time points). The survey will list the evidence-based practices in all targeted AIM-CCI bundles (with a short definition), and ask (i) whether the provider is using the practice (penetration); (ii) approximately how many people the provider has served using the practice in the past year (reach); (iii) whether the provider currently has the capacity to offer the practice; (iv) whether the provider currently offers the practice as defined (fidelity); and (v) the extent to which the practice is embedded in local delivery systems and workflow (control for delivery). We will also collect brief information on provider (demographics, discipline, scope and years of practice) and setting (kind of setting, how many served per year, main funding sources). Effectiveness will be measured using the PRAMM and SMM analyses described above. Continuation of health benefits over time will be operationalized as the slope of the PRAMM outcome (annually) once the county moves into the “intervention” phase of the stepped wedge design.

Implementation cost-effectiveness
Our grant accounting will capture the costs of providing the scale-up implementation approach. The primary cost-effectiveness measure will be NSMM. For NSMM, we will calculate intervention costs per point of NSMM score reduction. Secondary cost-effectiveness measures will be maternal mortality and SMM. Prevented SMM will be also monetized using Medicaid claims data by calculating the difference between Medicaid delivery expenditures between women/birthing persons with SMM and without SMM using our own claims data and prior estimates [9]. The value of a statistical life, currently around $10 million, will be used to monetize prevented maternal deaths. Costs (and savings) in future years will be discounted to present value in the year of treatment initiation using the recommended discount rate.


Analyses
Tests will be two-sided (p < = 0.05) and we will report measures of clinical significance (i.e., effect sizes).
Missing data
As of 2023, most Medicaid-insured birthing people in Michigan retain coverage for 12 months after birth, which will ensure minimal missing claims for calculating PRAMM and SMM outcomes. Health outcomes will be defined per the number of months with Medicaid coverage. For implementation outcomes, a conservative response rate of 28% was factored in power considerations,

Health outcomes
Health outcomes will be analyzed at the individual birthing person level, within county-level clusters. Correct standard errors for the parameter estimate (difference between intervention and control means) will be derived from the generalized linear mixed effects models with appropriately distributed errors and fixed effects of time in years and intervention condition. Site (county) will be treated as a random effect to account for nesting of participants within sites. We will examine implementation intervention effects for: (1) PRAMM among Black people and then among Hispanic people, (2) PRAMM disparities (non-Hispanic Black vs. NHW; Hispanic vs. NHW), (3) SMM among Black and then among Hispanic people, and (4) SMM disparities (non-Hispanic Black vs. NHW; Hispanic vs. NHW).

Implementation outcomes
Effectiveness will be measured using the PRAMM and SMM analyses described above; intervention vs. comparison condition). Continuation of health benefits over time will be operationalized as the slope of` the PRAMM outcome (annually) once the county moves into the “intervention” phase of the stepped wedge design. Implementation outcomes collected from clinicians will be analyzed using generalized mixed models with fixed effects of time and intervention condition. In addition to the random effect for nesting of clinicians within counties, another random effect will account for measures obtained from the same clinician over time. Separate analyses will address: (1) penetration (count of recommended bundle practices the provider has used in the past year? [primary]; (2) reach (approximately how many people the provider has served using each bundle practice in the past year – practice by # of people composite total); [71] (3) capacity over time (slope of capacity annually after county moves into “intervention” phase of stepped wedge); (4) fidelity (number of bundle practices offered as defined); and (5) control for delivery (sum of across practices of a Likert item per bundle practice that ranges from 1 = practice is fully embedded in local delivery systems and workflow to 5 = practice entirely relies on outside efforts/support).

Implementation cost-effectiveness
We will use a comparative cost effectiveness analyses of the implementation approach relative to status quo in the 12 study counties. Following widely accepted guidelines [72–74], our analyses will adopt a societal perspective, considering all costs regardless of source. If direct cost savings exceed the program costs, the program is said to offer net cost savings. We describe our plan for determining mean change in and standard deviations of these measures above. We will calculate incremental cost-effectiveness ratios as the ratio of the incremental costs over the incremental effectiveness. Sensitivity analysis will examine cost-effectiveness ratios at 1%, 3%, 5% and 8% discount rates.

Mechanisms and moderators
We will explore implementation outcomes (penetration, reach, control for delivery, fidelity, and capacity for intervention delivery) as mechanisms of effects of the scale-up approach on PRAMM. Average implementation outcomes across county and previous time period will be tested as potential mediators in predicting individual-level PRAMM. We will use the Preacher and Hayes [75, 76] approach to estimate direct and indirect (through the mediator) effects of the implementation intervention on PRAMM, with county as a cluster. We will examine provider (discipline, scope and years of practice) and setting (kind of setting, size, funding) characteristics as moderators of the effect of the scale-up intervention on implementation and PRAMM outcomes.




Discussion
This trial is the first study to develop and test a scale-up focused implementation approach for maternal health equity bundles. Several methodological features are uncommon and make this study interesting. These include efforts to implement across health and community organizations county-wide and then evaluating population-level (i.e., county-wide) health outcomes, use of the IHI Framework for Going to Full Scale to guide implementation approach development, and a focus on scale-up outcomes, an understudied aspect of implementation science. Implementing guidelines for improving health equity and use of equitable research processes also make this trial protocol notable.
This project adheres to rigorous standards for causal inference methods (randomized stepped wedge design that accounts for nesting of participants within sites) [77]. Rigor and reproducibility are also ensured by clear research questions, an appropriate comparison condition, a priori data analysis plans, use of a large and pre-existing linked Medicaid dataset, clearly defined measures, transparent statistical and power analyses, sufficient power, valid statistical methods to deal with missing data, sensitivity analyses, detailed intervention manuals, and fidelity evaluation.
This project builds on extensive, directly related previous work, increasing feasibility and likely success of the proposed scale-up approach and research methods. The study is well-powered and can yield evaluable data even if provider response rates are lower than expected. Examining mechanisms and moderators will provide information that may help target future scale-up approaches whether or not our scale-up approach yields anticipated main effects [78]. 
The evidence generated by this study has significant potential to speed scale-up of evidence-based maternal health equity practices to end racial and ethnic disparities in maternal mortality and morbidity. Results will also advance the science of scale-up and sustainment generally. This is important because we need to reach birthing people at scale and because scale-up is an understudied aspect of implementation science.
A list of abbreviations is provided in Table
8.
Table 8Terms and abbreviations


	AIM-CCI
	the national Alliance for Innovation on Maternal health Community Care Initiative

	B/H
	Black orHispanic

	CDC
	Centers for Disease Control and Prevention

	Community care
	Care provided outside the hospital in outpatient and other community settings, and coordination among care settings

	ICD-10
	International Classification of Diseases, Tenth Revision

	IHI-FS
	Institute for Healthcare Improvement Framework for Going to Full Scale (project implementation framework)

	MDHHS data warehouse
	Michigan Dept of Health and Human Services Health Services Data Warehouse includes prenatal, birth, and postnatal Medicaid claims linked to enhanced prenatal care screening data and birth/death records

	MIRACLE Center
	Maternal Health Multilevel Interventions for Racial Equity (U54 HD113291) is one of the Maternal Health Centers of Excellence [79] funded through NIH’s IMPROVE Initiative. The Center evaluates population-level effects of three interventions taking place in counties across Michigan on PRAMM equity

	NIH
	National Institutes of Health

	NIH IMPROVE Initiative
	Implementing a Maternal Health and Pregnancy Outcomes Vision for Everyone maternal health equity initiative

	NHW
	Non-Hispanic white

	PI
	Principal investigator

	PRAMM
	Pregnancy-related and -associated morbidity and mortality, pregnancy through 12 months postpartum. It includes severe maternal morbidity (SMM), non-severe maternal morbidity (NSMM), and pregnancy associated conditions like homicide, overdose, suicide. It is a broad measure of maternal health and includes all the following

	Non-severe maternal morbidity (NSMM)
	any health condition attributed to or complicating pregnancy or childbirth that have a negative impact on the woman’s well-being and functioning (e.g., gestational hypertension, obstetric complications, infections, mental health disorders, endocrine, nutritional, & metabolic diseases). [12, 66, 67]

	Severe maternal morbidity (SMM)
	unexpected outcomes of labor and delivery that result in significant short- or long-term consequences to a woman’s health (e.g., eclampsia). [8, 13]

	Pregnancy-associated mortality
	Any death during pregnancy or 12 months postpartum. Includes suicide, homicide, overdose, and all pregnancy-related mortality (see below)

	Pregnancy-related mortality
	Death during pregnancy or 12 months postpartum from pregnancy complication, chain of events initiated by pregnancy, or aggravation of an unrelated condition by the physiologic effects of pregnancy.

	Safety bundle
	Small set of evidence-based guidelines or interventions [80–82]

	U.S.
	United States
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Recommendations:
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(Zamboni et al.4%)
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Accomplishments: AIM-CCI safety bundles developed, core
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objectives (IHI-FS Step 149 Zamboni et al.4%)

« “Build scalable unit (part 1)” (IHI-FS Step 249)
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MD016003%. Collected implementation process and

outcome data. Developed current project.

Aim 1 of current
study
(2 counties)

Recommendations and plans to follow them: Development
of the scale-up implementation approach will (1) integrate
impact and process evaluation (Zamboni et al.%; [HI-FS
Step 24%); and (2) develop and use learning systems such
as learning collaboratives to manualize and then
disseminate implementation blueprints®2 to test in Aim 2
(IHI-FS support systems*®; part 2 of build scalable unit).
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scale-up &
scale

Aim 2 of current
study
(12 counties)

Recommendations and plans to follow them: (1) Test scale-
up implementation approach (IHI-FS Step 34). (2)
Measure and retain effectiveness over scale and time
(scalability* and sustainment** definitions; Zamboni et al.4%)

Future
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Recommendations and plans to follow them: “Go to full
scale” (IHI-FS Step 44°). Take AIM-CCI bundles to full scale
(statewide and nationally).

Development will collaboratively identify and manualize
strategies to do the following:

Maximize potential
(scalability definition*?)
Shift control for delivery from initial implementers
to local actors (scalability definition*?)

Ensure capacity (knowledge, skills, resources,
processes) to conduct the program effectively*
(sustainment definition%; IHI support systems*?)
Collect and share data (data systems) on key
processes & outcomes with staff and leaders (IHI-FS
support systems*®)

Create/provide infrastructure (e.g., checklists,
communication systems, key personnel) for scale-up
(IHI-FS support systems#?)

Design for sustainability. Integrate strategies for
sustainability into the change packages (IHI-FS
support systems*®)

Enroll and train leaders as champions for scale-up
and spread (IHI-FS Stage 2/adoption mechanisms*)
Communicate value of intervention to leadership
and implementers through real-time data, social
networks and champions (IHI-FS adoption
mechanisms?°).

Create a culture of urgency and persistence,
considering why others would want to join the effort
and whether there is a glaring gap in performance or
an urgent need (IHI-FS adoption mechanisms?®).
Identify and/or develop supportive regulatory or
administrative ~ policies  (IHI-FS  adoption
mechanisms*9).
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