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General Research Problem
How can prenatal care be improved in the United States?

Improving prenatal care in the United States is one of the biggest contributors for keeping
expectant mothers and their fetuses safe. Access to quality prenatal care is imperative, as
inadequate healthcare can lead to detrimental consequences for both, the mother and the fetus.
According to a study run by Martin and Osterman (2023), 12.5% of mothers had inadequate
prenatal care throughout their entire pregnancies. There are multiple reasons why a mother might
have inadequate healthcare, but the most pressing reasons include financial constraints, limited
access to healthcare services, and disparities in the healthcare access and quality across the
United States.

Minority and lower-income women often face the most barriers accessing adequate
prenatal care, resulting in higher rates of maternal mortality. A recent study showed African
American women being nearly three times more likely to die from pregnancy-related causes than
their white counterparts according to the Center of Disease Control (Stafford, 2023). Making
healthcare more cost effective in terms of the visits and the cost of the devices used would play a
vital role in providing healthcare for low-income pregnant women, as well as expanding
Medicaid coverage. Studies have shown that states which expanded Medicaid under the
Affordable Care Act experienced a nearly 6% decrease in maternal mortality rates compared to
non-expansion states (Eliason, 2020). Education and outreach efforts must be intensified to
address gaps in knowledge and awareness about the significance of prenatal care. Telehealth
services can play a pivotal role in increasing access, particularly for those in underserved areas
(Nelson and Holschuh, 2021). By addressing these critical areas, we can work towards better

outcomes for mothers and infants throughout the United States.



Development of a novel fetal heart rate monitor for multiple-gestation pregnancies
In multiple-gestation pregnancies, how may a human fetal heart rate monitor safely locate and
distinguish fetal heartbeats in utero?

For my capstone project, I am working under the advising of Dr. Kristen Naegle and Dr.
Natasha Sheybani, both whom are faculty of the Biomedical Engineering Program, and two
fellow undergraduate BME students, Torrance Fredell and Brendan Shea to develop a novel,
array based fetal heart rate monitor for multiple gestation pregnancies. Multiple gestation (twins,
triplets, etc.) births account for approximately 3% of all live births in the United States (Gill et
al., 2023). Nearly all multiple gestation births are preterm due to complications in the reading of
the fetuses’ heartbeats, often resulting in low birthweight and additional health complications for
the infants. Therefore, with the high risk associated with multiple pregnancies, technological
improvements are needed to further develop fetal monitoring. In standard clinic practice, the
usual technology for fetal heart rate (fHR) monitoring is the Doppler ultrasound (US)
(Hamelmann et al., 2020). Doppler US fHR monitoring is a commonly used method for
determining fetus health in all pregnancy types (singletons, twins, triplets, etc). There are known
limitations to the Doppler US such as inaccurate beat-to-beat estimation of fHR and frequent
periods of signal loss, which is severe in the case of multiple gestations, presenting problems for
the birthgiver, fetus, and doctors.

The primary objective of this project is to enhance the accuracy of a fHR monitor for
multiple gestation pregnancies, ensuring optimal functionality while also maximizing the
comfort and safety of the pregnant individual. The development of a Doppler US array
concurrently with a MATLAB script, that is capable of spatial detection, and triangulation and

differentiation of fHR for multiple fetuses without manual placement can improve the evaluation



of fetal health for health personnel and patients alike. We will develop a non-invasive method to
seamlessly generate phantom heartbeats through the integration of microphones into a phantom
gel that mimics the various layers of human tissue that surround a typical uterus, while avoiding
the creation of unintended artifacts. One main focus is to refine the MATLAB code to filter and
analyze US data to account for the varying acoustic impedances of tissues surrounding the
uterus, as well as accounting for potential variations in fetal positions within the womb by using
the integrated microphones inside the phantom gel. Additionally, modification of the mechanism
for physically securing the Doppler US to the birthing person will allow for increased comfort
and improved access to the lower back for epidural administration. These aims address the need
for enhanced technology in multiple gestation infant care, with a focus on maternal comfort and

fetal health.

Cost-effective Healthcare: Relieving the Financial Burden During Pregnancy
In the US, how do nonprofit advocacies and public health agencies help uninsured,
underinsured, and low-income women and families manage the cost burdens of pregnancy?
Women with multiple-gestation pregnancies that are uninsured, underinsured, or are
low-income, suffer greatly with the cost burdens of pregnancy. These costs encompass prenatal
care, delivery, and postpartum care. Being unable to get sufficient healthcare risks these women’s
lives as well as their children’s.
Women that are uninsured, underinsured, or from low-income in the United States that
have multiple-gestation pregnancies, tend to spend more on prenatal care, delivery, and
postpartum care than a singular gestation pregnancy (Tommy’s, 2023). In a study by Lemos et al.

(2013), “pregnancies with the delivery of twins cost approximately 5 times as much when



compared with singleton pregnancies; pregnancies with delivery of triplets or more cost nearly
20 times as much”, which creates an even bigger financial burden if women do not have the right
buffer for expenses. According to The Commonwealth Fund (TCF, 2020), the U.S. spends nearly
twice as much as the average OECD on healthcare, therefore creating a financial burden on the
U.S population, making the healthcare sector regarding Obstetricians and Gynecologists
(OBGYN) a big participant in this question as well as The American College of Obstetricians
and Gynecologists (ACOG). ACOG’s mission is to maintain the highest standards of clinical
practice for women'’s health care, strongly advocate for quality health care for women, and
provide education for its members and the public. OBGYN doctors decide which course of
action to take in every pregnancy, and the risks and costs associated with this, since they have
special training regarding women’s health (Petruska, 2022).

Public health agencies and nonprofit advocacies such as March of Dimes (MOD),
Planned Parenthood, and Maternal and Child Health Bureau (MCHB), that offer support for
prenatal care, sex education, and financial support like access to Medicaid and CHIP, among
other things, can help relief the financial burden of underinsured, uninsured, or low-income
women with the services they provide (MCHB, 2023). For instance, March of Dimes’ mission is
to “lead the fight for the health of all moms and babies. Our goals are to end the preventable
maternal health risks and deaths, end preventable preterm birth and infant death, and close the
health equity gap”, and they do so by advocating for improving maternal and infant health policy
by offering evidence-based education, different programs that take care of the baby as well as the
mother, research, and partnerships (MOD 2022). Planned parenthood is a public health
organization whose mission is to ensure all “all people have access to the care and resources they

need to make informed decisions about their bodies, their lives, and their futures” (Planned



Parenthood, 2023). Planned parenthood is one of the biggest providers of sex education and
telehealth appointments, so that every person is informed about their decisions and can learn
more through the programs and funds it offers. Lastly, MCHB helps women understand the
eligibility for Medicaid and CHIP, and helps ensure that every woman has health insurance
coverage. MCHB also has a new funding system that will help women through the financial
burdens of pregnancy and birth associated costs (Chou, 2020).

Researchers have investigated the correlation between socioeconomic status and the
disparity in healthcare, and have found that women in lower social classes tend to not seek
healthcare because of the financial burden it imposes (Braveman, et al., 2004). Braveman et al
realized that disparities in healthcare were highly correlated with socioeconomic status, and that
those women who were not at least 300% above the poverty income seeked delayed or no
prenatal care at all. For the significant associations, mothers with lower socioeconomic position
(SEP) compared to those with higher SEP, had poorer maternal-child health (MCH) outcomes
(Daoud, et al., 2015). This association was consistently seen in health status indicators, parental
health, labor and delivery experiences, and the overall experience of healthcare services. Daoud
et al. also concluded in this study that the mother’s education had the biggest magnitude of MCH
inequality amongst all of the factors, which is why it is so important for advocacies to impel sex
education amongst every woman. Others have found that higher mortality rate is associated with
the socioeconomic status of women, especially those who are non-Hispanic Black and
unmarried. This higher mortality rate is associated with cesarean deliveries, unintended births,
unmarried status, yet four or fewer prenatal visits were significantly associated with the
increased maternal mortality ratio (Moaddab, et al., 2018). This study also mentioned that

differences in mortality rate amongst women could be the result of variations in funding,



oversight, or organization of state health care services and could reflect the intrinsic quality of
available health care, yet another reason why public health organizations advocate for these
groups of uninsured, underinsured, or low-income women. A study by Baldwin et al. (1998)
showed that a Medicaid-enhanced prenatal care has been more likely to demonstrate a better
effect on outcomes, due to the bigger enrollment on the Medicaid expansion system and the
amount of low-income or uninsured women who enrolled in this program. This ensured them
prenatal care since the first trimester of pregnancy, contrary to only the last trimester or none at
all, and it was shown that low birthweight in children diminished after the Medicaid expansion
started in Washington in 1988. Medicaid expansion and eligibility has been advocated for by
many public health organizations and advocacies, who believe in equitable healthcare for all

women, and thus is a service that is still continuing to grow.
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