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 Abstract 

Despite unprecedented spending, US maternal outcomes have worsened drastically over the past decade. In 
comparison, maternal outcomes of many Low and Middle-Income Countries (LMIC) have improved. Lessons learnt 
by their success may be applicable to the US. We performed a literature review to identify innovations that had met 
with success across LMIC, and should be considered for adoption in the US. mHealth and patient facing alerts, 
Telehealth, patient controlled health records, inclusion of patient relationship data in health information systems and 
positioning empowered community health workers as catalysts of maternal care delivery were identified as 
innovations worthy of further evaluation. These innovations were categorized into several themes; knowledge, 
technology, patient/community empowerment, coordination and process change. Tools that place informed and 
empowered patients and community members at the center of maternal care has greatly improved maternal outcomes, 
and are suitable to be considered for the US healthcare system. 
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Introduction 

US maternal care is currently in jeopardy. At $111 billion a year, US spending on maternal health is twice that of most 
other high-income countries [1]. US hospital deliveries may cost up to 8,802 USD per birth, compared to an average 
2,050 USD in other OECD countries [2]. Despite this spending, a joint report by the World Health Organization 
(WHO), United Nations Children's Emergency Fund (UNICEF), United Nations Population Fund (UNFPA), the 
World Bank and the United Nations Population Division states that US Maternal Mortality Rates (MMR) have surged 
by 136% between the years 1990-2013, from 12 per 100,000 live births in 1990 to 28 per 100,000 live births in 2013. 
[3]. At over 52,000 cases per year, the risk of severe maternal morbidity (SMM) leading to life-long health problems 
is even greater [4]. American women are more likely to die during childbirth or related complications than women of 
any other high-income country [5] or middle-income countries such as Bosnia or Macedonia [6]. The main causes of 
maternal deaths in the US are non-cardiovascular diseases (15.3%), cardiovascular diseases (14.7%), infection or 
sepsis (12.7%), hemorrhage (11.3%), cardiomyopathy (10.8%), thrombotic pulmonary embolism (9.0%), and 
hypertensive disorders (7.6%). The main causes of SMM are maternal age, pre-pregnancy obesity, pre-existing chronic 
medical conditions, and cesarean delivery [7]. There is also significant discrepancy in outcomes across different 
populations [8] The MMR among African Americans (40.4 per 100,000 live births) is over three times greater than 
white parents (12.1 per 100,000 live births). MMR among woman of other races are 16.4 per 100,000 live births [9]. 
MMR rates of US states with high poverty rates were 77% higher than wealthier states [10]. 

Research indicates that with the exception of malaria and HIV, the main causes of maternal mortality in low and 
middle income countries (LMIC) are generally similar to those in the US [11, 12]. However, many of these countries 
have been able to significantly improve their maternal health outcomes. LMIC such as Timor Leste, Bangladesh, 
Ethiopia, Uruguay, and India have reported between 78% to 65% reductions in maternal mortality during the same 
1990–2013 time period that saw US maternal death rates jump by 136%. [3]. Fortunately, evidence suggests that a 
majority of US based maternal mortality and morbidities are preventable, and can be addressed via early detection and 
care [13]. This aligns with the three delay model which recognizes three significant barriers women face in achieving 
timely and effective medical care; the delay in (a) decision to seek care, (b) reaching care, and (c) receiving adequate 
healthcare [14]. Informatics based solutions can address the three delays, thereby improving maternal health outcomes. 
Additionally, changes in healthcare delivery across LMIC during this period have included significant investments in 
healthcare infrastructure and informatics expertise to help mitigate these barriers. Considerable emphasis has been 
placed on the use of point of care technology, including mobile phones to deliver actionable information to providers, 
community health workers, caregivers, and patients, allowing them to address the three delays that cause maternal 
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mortality [15]. This indicates that such solutions may have contributed toward improving maternal outcomes. Thus, 
lessons learnt from LMIC may illustrate approaches to improve maternal outcomes in the US. However, not all 
innovations may be successful due to significant socio-economic and policy differences between the US and LMIC. 

We evaluate maternal care based health informatics interventions adopted by LMIC, and determine which of these 
could help address maternal care challenges faced by the US. We do not seek to perform comprehensive evaluations 
of care models or correlating process changes brought about by informatics applications, but to recommend which 
approaches are most suitable to for consideration to address maternal healthcare needs in the US. 

Materials and Methods 

An introduction to reverse innovation 

Traditionally, technological innovation originated, and was consumed by high-income countries. Such innovations 
were often considered too expensive or unsuited for LMIC needs. Often, product owners avoided expanding to LMIC 
as they perceived that marketing their solutions across underserved settings would be unfeasible due to high resource 
requirements. In many cases, innovations from high-income countries were 'whittled down', and produced with limited 
feature sets for use in low income countries [16]. This environment encouraged innovators from LMIC to develop 
frugal solutions that were suited for their own needs. However, thanks to qualities of frugality, low operating costs 
and robustness, innovations meant for LMIC can also be appropriate for adoption elsewhere, particularly in 
underserved populations in high-income countries. Reverse innovation is the identification of innovations that have 
already met success in LMIC and adopting these innovations for use in high-income countries [17].  

Since its conception, reverse innovation has won widespread acceptance, and adopted by brands such as Microsoft, 
Nokia, Tata Motors, and Nestle. Products and services created through reverse innovations focus on reducing 
operating costs and bringing equity with minimal effort, both of which are significantly important for the US health 
care system. Reverse innovation has the potential to inform a wide host of healthcare challenges [18]. However, the 
applicability of adopting innovations from LMIC for use in the US healthcare system is relatively unknown, and 
further work, including implementation science research is necessary to advance the understanding and potential of 
diffusion of reverse innovations.  

Study approach 

We searched scientific literature to assess the maternal outcomes challenge in the US. However, searches across OVID 
medline and Web of Science produced a preponderance of evidence reaching thousands of publications and reports of 
various quality. To identify the most relevant and accurate literature, we focused on a subset of academic, research 
and development organizations engaged in improving or monitoring maternal outcomes in the US as sources of 
information. We searched the websites of these organizations to identify formal reports/publications that discussed 
major causes of mortality and morbidity. The results of this search were refined using content and discourse analysis 
methods to identify challenges that are most significant to the US. Next, we performed a literature review to identify 
how LMIC addressed each of these challenges, and what health informatics innovations could be leveraged to do so. 
By mapping the aforesaid challenges to successful health informatics innovations, we identified those suitable for 
further evaluation in the US. We elected to perform a literature review rather than a systematic review as a systematic 
review would be focused on a single research question, while a literature review would allow us to bring together a 
broad body of information on a given topic to draw our own conclusions [19]. 
 
Results 

Based on the analysis of well-reputed information sources (Appendix A), we identified five major challenges affecting 
US maternal health outcomes;  

(a) Lack of trained staff: Rural Americans and underserved populations such as American Indians and Alaska natives 
(AI/AN) suffer from significant shortages of healthcare providers due to (a) existing staff shortages and (b) 
tendency of physicians to relocate and practice at affluent urban or suburban areas [20, 21]. 

(b) Limited access to care: Lack of access to care is a significant challenge to African Americans, Latinos and other 
minority groups [22], at risk populations, immigrants and low-income earners [23]. . 

(c) Limited sense of ownership/empowerment: Placing an informed patient at the center of their own care can address 
delays in seeking care, and empower the patient to be an active participants in their own healthcare. 
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(d) Isolation/lack of community support: Lack of community support and feelings of isolation can lead to depression, 
stress and inability to manage other life threatening behaviors/conditions [24, 25]. 

(e) Gaps in patient awareness/education: Lack of awareness leads to risky behavior, inability to manage harmful 
conditions such as pregnancy related complications [26], and contributes to delays in seeking care. 

We performed a rigorous literature review across Ovid Medline, Web of science and EMBASE to evaluate health 
informatics innovations adopted by LMIC to address these challenges (Appendix B). Search results were refined using 
the literature inclusion/exclusion strategy presented below (figure 1). 

 

Figure 1. Literature inclusion/exclusion strategy 

The literature review indicated that efforts to improve maternal care delivery for LMIC had led to the development of 
numerous tools and approaches. Many informatics based innovations focused on delivery of actionable information 
to reduce the three delays. We also considered innovations that had failed due to technology, financial or policy based 
limitations. In the case of such failures, we assessed why they had failed, and determined if these innovations would 
survive, and help improve maternal outcomes in the US. These lessons were condensed into technological and system 
change innovations that could address one or more of the five aforementioned challenges, and were suitable for further 
evaluation by US based settings; (a) mHealth and Patient Facing Alerts, (b) Telehealth / Telemedicine (c) Patient 
controlled health records (d) Relationships within Health Information systems (e) empowered Community health 
workers (CHW) as catalysts of healthcare delivery (table 1). 

Table 1. US maternal outcome challenges and LMIC based innovations solutions that could address them 

	 	 	 	 	 	 	 	  

  Solutions 
mHealth / 
Patient 
Facing 
Alerts 

Telehealth / 

Telemedicine 

 

Patient 
controlled 
health 
records  

Relationships 
within Health 
Information 
systems	

CHW as 
catalysts of 
healthcare 
delivery 

C
ha

lle
ng

es
 

Lack of trained staff X X   X 
Limited access to care X X   X 
Limited sense of 
ownership/ 
empowerment 

X  X X  

Isolation/lack of 
community support 

   X X 

Gaps in patient 
awareness/education 

X    X 
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mHealth and Patient Facing Alerts 

The role of actionable information in improving health outcomes is well documented [27, 28]. The rapid penetration 
of mobile networks across Africa and Asia has made mHealth efforts a strong success. Examples of success in using 
mHealth – using mobile devices in health service delivery, to enable maternal care in emergency medical support in 
Bangladesh, Ghana, Uganda and India, point of care support in Pakistan and Indonesia, and health promotion in 
Tanzania, Ethiopia, Serbia and Thailand [29-31]. Research indicates that standard care with reminders, disease 
monitoring and management, and education through cell phone voice and short message service has helped improve 
health outcomes [32]. mHealth applications also enable better communication between health workers and leverages 
social networks to improve health outcomes [33]. mHealth based approaches have proved useful in helping address 
the three delays. mHealth improves maternal outcomes through (a) empowering women to contact health services and 
access information [34] (b) access emergency obstetric care [35] (c) giving patients knowledge of where to go  and 
(d) enabling lesser trained health workers to provide the ‘right health care'. Despite the success of maternal care 
applications such as text4baby [36], mHealth and patient alerting tools have failed to undergo widespread penetration 
in the US due to (a) questions on quality of existing health apps [37]and (b) lack of adequate research to keep pace 
with ever changing technological progress [38]. However, work in LMIC indicates that a consistent messaging system 
integrated into the health care delivery model with the right information and a pathway to ‘receive the right care’ has 
positive impacts on maternal outcomes, especially across underserved populations [31, 39].  

Telehealth/Telemedicine 

Telehealth/Telemedicine plays an integral role in providing medical care across space and time via telecommunication 
technologies ranging from the telephone to robotics. It is widely perceived as a method to share medical knowledge 
in settings where trained staff is scarce. Telehealth is not a new concept to the US. It was widely used by the US 
military [40]. However, the lack of broadband infrastructure and financial, legal and healthcare policy barriers posed 
a significant challenge to the early advancement of telemedicine [41], leading health policymakers to relegate 
Telehealth to a secondary role [42]. However, these barriers are coming down. The Affordable Care Act (ACA) and 
the American Recovery and Reinvestment Act (ARRA) of 2009 has reduced barriers around the utilization of 
Telehealth [43]. These together with CMS telemedicine reimbursement changes and state level policy changes 
promise significant potential for the increased adoption of Telehealth systems [44]. Telehealth is widespread across 
LMIC, especially for maternal and child health delivery [45, 46]. While we are aware of the significant use of 
telemedicine within the US, we note that LMIC are creating unique uses for telemedicine using ubiquitous mobile 
platforms to enable low bandwidth solutions focused on improving maternal care by creating awareness and enabling 
better care delivery. Based on these advances, we propose that Telehealth, using more ubiquitous platforms such as 
mobile phones, should be given the place of prominence that it deserves within the US healthcare system. 

Patient controlled health records 

Patient controlled health records were introduced over two decades ago as a means of creating online 
repositories where patients could collect and control access to their healthcare data [47]. While revolutionary in its 
time, projects such as Google Health and Microsoft Health Vault that aimed to operationalize this concept were 
unsuccessful due to failure to win vendor support, low trust and potential risks [48]. There has been a gradual re-
emergence of patient portals integrated into the larger health information systems over the past decade. Unfortunately, 
these do not create longitudinal patient records as they can only access a single health care system. In comparison, 
LMIC have developed alternate versions of longitudinal patient controlled health records in the form of smart cards 
or plastic cards that contain an embedded computer chip to store data [49] as well as paper based medical 'books' that 
are retained by the patient. While Europe has embraced smart cards for health care, the network centric nature of the 
US healthcare culture hampers the widespread adoption of Smart cards [50].  

One purpose of granting control of their own health record to the patient is to ensure that they become the locus on 
control in managing their own healthcare. To do so, healthcare networks must uniquely identify each patient. This 
necessity led to the development of national patient identifiers and Master Patient Indexes (MPI) that serve as registers 
and resolvers of patient identities in many LMIC. MPI's have been successfully implemented across many LMIC [51]. 
In comparison, the US has chosen to not embrace a universal patient identifier system due to concerns of privacy [52]. 
However, rejecting a universal patient identifier has led to limitations in interoperability and data sharing. If 
implemented correctly, patient controlled health records have the potential for improved shared decision-making 
between the clinician, caregivers and patient. They also enable early recognition of maternal complications and / or 
warning signs through access and control of patient records, ultimately contributing to the reduction of the three delays. 
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Relationships within Health Information Systems	
Healthcare is a team sport that depends on collaboration between providers, patients, payers, families, health care 
teams and communities. When a provider identifies a patient’s need, that need might be reported to a different 
participant who is able to take appropriate action. Cost of healthcare services and lack of trained staff often result in 
at least some parts of patient care being delegated to members of their immediate family. However, proper 
communication and collaboration is essential to make such efforts successful. Relationships between health care teams 
and family members cannot bring value to a patient unless they are easily discoverable within a healthcare system. 
Many EHR systems lack support to persist structured patient relationship information, a weakness identified and 
addressed by developers of the OpenMRS platform, an Open Source Medical Record System designed for use across 
underserved settings. To date, multiple sites in LMIC have adopted this feature for managing patient relationships 
with success [53]. We perceive that the need to technologically incorporate critical patient, family and provider 
relationships within health information systems will be increasingly important to the US as it moves toward a more 
comprehensive quality based care reimbursement mode, and that efforts should be made to capture and manage such 
data within a patient’s health record. 

Empowered Community health workers (CHW) as catalysts of healthcare delivery 

The success of adopting health information infrastructure depends on how information derived from these systems is 
used impact healthcare delivery. While providers play a crucial role in decision-making, their ability to prevent the 
three delays outside of a healthcare setting is very limited. CHW’s are frontline public health workers with a close 
understanding of the community they serve. Their links to the community allow them to reach out to patients at their 
homes and communities, and improve the quality and cultural competence of service delivery. CHW programs are 
widespread across LMIC, where they are a predominant topic in discussions around primary health-care delivery. 
Success stories in using CHW's for improving healthcare are reported from Uganda, Ethiopia and Tanzania [54]. 
These successes have encouraged the governments of Brazil, Pakistan, and India to make CHWs a cornerstone of 
scaling up community health delivery, especially for providing maternal care [55].  

CHW's are not an entirely new concept to the US. They have significant potential to improve maternal outcomes in 
the US, as demonstrated by successful projects driven by the Indian Health Service and Tribally Operated Health 
Programs such as the Alaska Community Health Aide Program (CHAP) [56]. Unfortunately, many US based CHW 
initiatives are short-term, grant-funded projects and grassroots volunteer community initiatives [57]. Unlike many 
developing countries, US health policy administrators have relegated CHW to a secondary role. However, lessons 
learned from underserved settings offer much promise for the introduction and use of empowered CHW who are 
capable of reaching out to pregnant women at the grassroots level. CHW also have the potential to be far more cost 
efficient, and reduce treatment costs via early evaluation and detection, appropriate referrals, and longitudinal support  

Discussion 

Enabling better seeking of care, access to care, and receiving the right care at the right time can significantly reduce 
maternal mortality and morbidity across both high-income and low-income settings. In both LMIC and the US, these 
factors are hindered by the scarcity of economic, physical and human resources, or the inability to make them available 
to the right people at the right time, While US health information infrastructure is more than capable of supporting 
high quality care where ample resources are available, it falls short of meeting the needs of underserved populations 
such as minorities, low-income communities and rural areas.  

Our research identified five informatics based solutions successfully adopted by LMIC countries, and suitable for 
adoption in the US; (a) mHealth and patient facing alerting (b) Telehealth (c) Patient controlled health records (d) 
Relationships within Health Information systems and (e) Community health workers as catalysts of healthcare 
delivery. In examining these innovations, we found that some of these had already been considered by the US in the 
past, but failed/impeded by inherent differences in the US healthcare system. However, recent changes in US 
infrastructure, law and policy aimed at reducing healthcare costs and making healthcare services more accessible [58] 
and a commitment to comprehensive care models are breaking down these barriers, and improving the potential of 
adopting these innovations in the US. We found that many of the proposed solutions were strongly interrelated, and 
that successful maternal care innovations often consisted of combinations of the aforementioned innovations. As 
shown before, CHW networks in underserved settings depended on information received and integrated via mHealth 
solutions to guide much of their work. Similarly, efficient persistence and retrieval of relationships, entered into 
medical records at the point of care, also helped CHW networks.  Having improved patient ownership of clinical data 
enables better dissemination and data integration for use in clinical care, with CHWs, clinicians, other health providers 
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and family and community members. We also found that, while the five proposed innovations were dependent upon 
technology, technology was insufficient by itself. Common themes of knowledge, technology, patient and community 
empowerment, coordination and process change emerged (figure 2). 

	
Figure 2. Enabling better maternal care outcomes. Potential innovations and general themes 

The findings indicate that the proper use of health information could play a significant role in improving US maternal 
outcomes, as well as reducing associated healthcare costs. Many of the innovations that we recommended for 
evaluation in the US could be used for a wide range of healthcare services over and above maternal care delivery. 
Investigation of the underlying themes show that the key to maternal care is to place informed patients at the center 
of their own care. Traditionally, US healthcare delivery is known for its rigid health infrastructure, workflows and 
provider centric care. Clearly, this approach has done little to address worsening US maternal care outcomes. In 
comparison, successful innovation across LMIC countries seem to focus on creating and empowering informed 
patients and their communities to act on their own needs. If so, informatics solutions will be expected to play a crucial 
role in integrating patients and communities into the healthcare delivery process, informing them, and empowering 
them to take action on their own needs. 

It could be argued that the US still suffers from significantly lesser maternal mortality and morbidity than LMIC 
despite of the 136% rise in maternal outcomes from 1990-2013, and that many LMIC reported significant 
improvements in maternal outcomes during this same period starting from comparatively high baseline measures. In 
other OECD countries, the same measures have remained relatively constant with significantly lower costs of care, 
suggesting that the rise in maternal mortality and morbidity is a significant concern. More so because a majority of 
these outcomes were preventable, and because health outcomes worsened despite of significant increases in financial 
spending in the US, which indicates the need to re-think current healthcare focus areas. Additionally, health IT based 
interventions have demonstrated their ability to reduce preventable maternal mortality and morbidity in LMIC [59, 
60], indicating that they may be able to do the same in the US. Furthermore, every challenge identified in table 1 could 
be addressed via health informatics innovations. Another possible area for debate would be contextual changes 
between LMIC settings and the US. US based healthcare is far more expensive than LMIC or even other high-income 
countries. However, the most adversely hit populations in the US are at-risk populations and the poor, who also benefit 
from compatible state funded health programs. Additionally, maternal care is very well funded, with multiple 
welfare/aid options for those in need. Therefore, adaptions of LMIC based approaches for the US is feasible. As future 
steps and further validation of our findings, we propose the evaluation of each of the innovations identified by our 
study using the Technology Acceptance Model (TAM) [61]. The TAM model presents how target users accept and 
use a given technology, and thus, will further evaluate the potential of successfully adopting such innovations across 
the US.   

Conclusion 

Our study identified significant potential for adopting reverse innovations to help address weak maternal care 
outcomes in the US. Many restrictions that historically hampered these innovations have already been removed, 
leading to improved chances for their success. Recent US policy and administrative changes aimed at reducing 
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healthcare costs and creating comprehensive health care delivery models are also making these solutions more 
realistic. General themes that drive these innovations indicate that the key to better maternal care outcomes is to place 
patients at the center of their own care by empowering informed patients and their community to act on their own 
needs. While the role of these factors and themes in enabling improved health outcomes is widely recognized, the 
importance of a holistic model that includes, but is not limited to informatics is often disregarded. We highlight the 
intersections of technology and process changes that have been shown to improve care in LMICs. We believe that 
there is ongoing evaluation and future work in this area that needs to occur, including a rigorous comparison of multi-
country implementations, and an evaluation of the return on investment of these identified innovations. However, 
recognizing that LMIC have developed appropriate technological and process solutions that can benefit underserved 
settings in high-income countries is critical. Adversity itself can be a springboard for innovation. In many cases, 
technological solutions developed and lessons learned in LMIC are applicable and beneficial to the high-income 
countries. It behooves us to identify, evaluate and incorporate appropriate solutions, regardless of their origin, as we 
continue to seek global health equity.  

Appendix A 

Organization Type of publications/reports 

World Health Organization (WHO) Various reports that include assessments on US maternal outcomes 

United Nations [55] The United Nation Children's Fund (UNICEF) and the United 
Nations Population Fund (UNFPA) publish annual reports and 
strategic plans. 

Centers for Disease Control and 
Prevention (CDC) 

Annual and weekly reports, data and statistics, reports on major 
conditions/illnesses 

US Department of Health and Human 
Services 

National surveys, State and national data, research reports 

Indian Health Service (IHS) Reports to Congress, various publications 

The American Congress of Obstetricians 
and Gynecologists (ACOG) 

Committee opinions, department publications and endorsed 
documents, journals, position statements, advisories and bulletins. 

The National Academies of Sciences, 
Engineering, and Medicine 

Various reports/publications from the Institute of Medicine (IOM) 

Agency for Healthcare Research and 
Quality (AHRQ) 

Maternal care reports an analytical data reports 

Appendix B 

(a) OVID Medline database 

Expression no. Searches Results 

1 exp Developing Countries/ or underserved nations.mp. 68199 
2 "low and middle income countries".mp. 6458  
3 lmic.mp. 756 
4 exp Africa/ 221998 
5 exp Asia/ 663253 
6 exp Latin America/ 9580 
7 electronic medical record.mp. or exp Electronic Health Records/ 15919 
8 exp Medical Records Systems, Computerized/ 32097 
9 exp Information Systems/ 200066 
10 exp Maternal Health Services/ or maternal care.mp. 42930 
11 exp Maternal Health/ or exp Maternal Mortality/ or exp Pregnancy Complications/ 390150 
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12 exp Pregnancy Complications/ or exp Postpartum Hemorrhage/ or exp 
Hypertension, Pregnancy-Induced/ or "maternal morbidity".mp. or exp Pre-
Eclampsia/ 

386419 

13 1 or 2 or 3 or 4 or 5 or 6 914247 
14 7 or 8 or 9 211821 
15 10 or 11 or 12 418002 
16 13 and 14 and 15 279 
17 Remove duplicates from 16 244 

 (b) EMBASE: No. of unique results: 83 

'electronic medical record'/exp OR 'medical information system'/exp OR 'hospital information system'/exp AND 
('developing country'/exp OR 'south and central america'/exp OR 'africa'/exp OR 'asia'/exp) AND ('maternal care'/exp 
OR 'maternal welfare'/exp OR 'maternal mortality'/exp OR 'maternal morbidity'/exp)  

(c) Web of Science: No. of results: 21 

Due to the limited number of publications retrieved, we searched for all publications that discussed maternal 
complications and health information systems, and filtered publications that dealt with LMIC via manual review. 

TITLE: (maternal health* OR maternal care* OR maternal mortality* OR maternal morbidity* OR Pregnancy 
Complications* OR Postpartum Hemorrhage* OR Pre-Eclampsia*) AND TITLE: (electronic health record* OR 
health information system* OR clinical information system* OR computer*) 
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