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Introduction:

Racial health disparities in the United States begin at birth, with an infant mortality rate
(IMR) for the non-Hispanic black population being 10.8 for every 1000 live births versus an
IMR of 4.6 for every 1000 births for the non-Hispanic white population (Jang & Lee, 2022). In
order to address racial disparities in the health setting, it is important to understand the decades
of poor policy making, systematic racism, and the construction of socioeconomic barriers have
upheld this benchmark of healthcare quality for minority groups (Matthew, 2018). The Federal
Drug Administration (FDA) upholds standards and regulatory processes for bringing medical
devices to the market for hospitals, private practices, and healthcare systems to purchase.
Currently, the FDA does not provide strict regulations to include minority demographic data in
medical device clinical trials, providing a loose set of recommendations that are virtually

unenforceable.

Neonatal (newborn) jaundice, resulting from the accumulation of yellowish pigment,
bilirubin, presents substantial health risks to both term and preterm infants in their first week of
life. Approximately 50% of term and 80% of preterm infants develop jaundice during this critical
period (Woodgate & Jardine, 2015). If left untreated or undetected, jaundice can lead to severe
complications such as encephalopathy, hearing loss, and kernicterus—a debilitating and long-
lasting neurological disorder (Kemper et al., 2022). To manage this condition, up to 10% of term
neonates and 25% of preterm neonates require phototherapy, which employs blue light to reduce
bilirubin levels in the blood by converting it into the easily excretable lumirubin (Queensland

Clinical Guidelines, 2022).



Monitoring and diagnosing hyperbilirubinemia (the presence of too much bilirubin in the
blood) currently rely on two methods: the invasive measurement of total serum bilirubin (TSB)
through venous or heel stick blood samples and non-invasive transcutaneous bilirubinometry
(TcB) using a handheld bilirubinometer. However, TcB screening presents a significant
discrepancy for neonates with darker skin tones, potentially resulting in unnecessary
phototherapy prescriptions with side effects such as imbalances in the neonatal thermal
environment, reduction of early-stage maternal-infant interactions, and melanocytic nevi and
skin cancer (Xiong et al., 2012). The inaccurate measurements of bilirubin in neonates with
darker skin tones not only exposes the shortcomings of existing bilirubin measurement
techniques but also underscores a broader concern- an unmistakable racial bias in healthcare.
This bias disproportionately affects neonates with darker skin tones, leading to unequal access to
care and exacerbating racial health disparities (Chokemungmeepisarn et al., 2020). FDA
approved medical devices that have not been tested on all minority subgroups have been shown
to be ineffective, and at times, harmful in practice, with the aforementioned bilirubinometer

being a prime example.

In my technical project, | will consider a specific example in which tolerance to systemic
healthcare racism produced a device, the bilirubinometer, that only served one specific group of
people: light-skinned neonates. In my STS project, | aim to understand why there is such
leniency in FDA recommendations for inclusion of minority data in medical device clinical trials

and how these recommendations can become enforceable.

Technical Topic:



Jaundice, a common condition in infants, occurs due to the excessive breakdown and
replacement of red blood cells, which releases bilirubin into the bloodstream (NHS UK, 2022).
In a fully developed human body, bilirubin is then transported via bloodstream to the liver for
excretion. However, infants possessing underdeveloped livers cannot excrete bilirubin in an
efficient manner, causing the buildup of bilirubin in fat tissue. While the pathology of neonatal
jaundice cannot be remedied, the tools used for diagnosis and treatment quantification can be
improved upon. A study conducted in South India concluded that TcB and TSB levels, two
major indicators of hyperbilirubinemia, have a stronger linear relationship in lighter-skinned
patients, making bilirubinometer measurements more accurate for this group of patients
(Varughese et al., 2018). The inaccurate bilirubinometer readings for darker-skinned neonates is
due to the substantial overlap in absorption spectra between bilirubin and melanin (Onks et al.,
1993). This overlap can lead to TcB overestimation, and an unnecessary prescription of

phototherapy, potentially resulting in adverse side effects for dark-skinned neonates.

Last year's Capstone group developed a novel measurement method involving continuous
photoconversion of bilirubin, akin to phototherapy. Transmittance of 460 nm light through the
skin is measured at specific intervals. By computationally analyzing the decay curve and
identifying the point where the transmittance curve reaches a horizontal asymptote as bilirubin
fully converts to lumirubin, the initial cutaneous concentration of bilirubin (TcB) can be
determined. This year's goal is to refine the computational model for more accurate bilirubin
assessment from absorbance measurements and establish an in vitro model that replicates

bilirubin flow and diffusion into the skin, facilitating realistic testing.

Currently, there is no way to computationally account for the overlap of absorbance

spectra between bilirubin and melanin. To remedy this, we will integrate existing absorbance



data to differentiate between melanin and bilirubin absorbance spectra through an Exponential
Moving Average (EMA) model. We will then employ mass balance equations to develop a time-
dependent mathematical model for neonatal bilirubin concentration, that will help asymptotically
inform the EMA model. Finally, we will optimize parameters within the computational model,

validated by an in vitro model and the mass-balance model.

The mechanism behind the movement of bilirubin from the bloodstream into tissues
remains poorly understood. This creates a limited knowledge base for constructing a multi-
compartmental computational model to simulate bilirubin flow and photoconversion, potentially
leading to inaccuracies in bilirubin quantification. To address this knowledge gap, an in vitro
flow dialysis model will be created that includes a bilirubin solution dialyzing into a hydrophobic
gel, to simulate fat tissue. Initially, we will work on creating stable solutions, mimicking blood,
by incorporating varying physiological concentrations of bilirubin and aloumin. Additionally, we
will create a hydrophobic material that replicates in vivo skin properties, including the skin
chromophores melanin and oxyhemoglobin. In vitro continuous flow dialysis will then be used to
assess the diffusive properties of bilirubin as it moves from the solution into the tissue replica.
Using the in vitro model, spectrophotometry (the measurement of absorbance wavelengths) will
be employed to measure the photoconversion of bilirubin under 460 nm light, providing a more
robust proof of concept for this method of quantifying bilirubin levels. This model will not only
validate the computational model but also assist in refining computational model parameters and

enhancing our understanding of bilirubin movement and photoconversion.

The combination of the computational model, enriched by insights from the in vitro
model, will enable accurate prediction of bilirubin levels in skin with varying melanin

concentrations and deepen our understanding of the mechanisms of bilirubin transport within the
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body. This integrated approach ensures a holistic understanding that neither model can achieve in
isolation and strengthens the proof-of-concept for the novel method developed by last year’s
Capstone group, potentially paving the way for the future development of a prototype medical
device. A prototype medical device that is inclusive to all skin-tones is a small victory in
ensuring equitable healthcare to consumers and raises awareness of the underlying biases that are

ever present in the American healthcare system.

STS Topic:

Among actors in the healthcare setting, medical devices oftentimes contain
discriminatory biases that, when implemented in practice, produce harmful effects to groups
targeted by these biases. Bilirubinometers are not the only medical device exhibiting racial
biases, with another example being pulse oximeters. During the height of the COVID-19
pandemic, it became apparent that pulse oximeters overestimated oxygen levels in dark-skinned
patients, causing these patients to eventually be hospitalized because of extremely low oxygen
levels (Elahi, 2021). The fact that the biases included in the pulse oximeter design were only
found during a global pandemic, one that took millions of lives, exhibits the lack of inclusion of
minority data in medical device clinical trials. The technological mechanisms employed in these
medical devices are almost identical, and as described, led to cascading health and financial
adversities due to their integrated biases. Biases, whether implicit or explicit, are not just
affecting the ability of a singular device, bilirubinometers; it is a wide-scale problem that

includes other medical devices, practices, and information.

The FDA, the United States agency that controls the approval and distribution of medical

devices, provides a weak framework for inclusion of minority data. When considering the FDA



recommendations put forth in 2022 for inclusion of minority data, the recommendations
presented are up for broad interpretation and only offer a mechanism of identifying race/ethnicity
for candidates of medical clinical trials (FDA, 2022). A study investigating diversity in medical
trails found that around 14% of the devices submitted to the FDA for approval provided
subgroup analyses that included data on effectiveness, safety, sensitivity and selectivity for
gender, race, and age. Concurrently, the number of patients included in these subgroups analyses
were also found to be too small to draw meaningful conclusions on device safety and
effectiveness (Fox-Rawlings et al., 2018). Under these pretenses, the FDA cannot continuously
maintain inclusion of minority data with recommendations that are unenforceable, convoluted,

and vague in nature.

Without a rigorous form of sustaining patient diversification in medical device clinical
trials, devices can become either overtly ineffective or produce harmful side effects. Considering
the pulse oximeter case, “Studies show, for instance, that Black COVID-19 patients have been
29% less likely to receive supplemental oxygen on time and three times as likely to suffer occult
hypoxemia during the pandemic,” (Wickerson, 2022). Among medical imaging modalities, X-
Rays prove to be less effective for dark-skinned patients, delaying critical diagnoses and access
to medication (Ray, 2022). These disparities in medical devices stem from inadequate testing on
a diverse group of patients prior to market launch, with the FDA the sole supervisor for

monitoring the processes and methods for clinical trial testing.

Medical devices are not a singular issue when considering racial disparities in the
American healthcare system. Research shows, that in the American healthcare system, racial and
ethnic minorities receive lower quality care, are less likely to receive routine healthcare, and

therefore, have poorer health outcomes than white patients (Ray, 2022). To contend FDA



recommendations, it is important to evaluate the environment in which these medical devices
were constructed. In his Do Artifacts Have Politics? piece, Winner asserts, “To understand
which technologies and which contexts are important to us, and why, is an enterprise that must
involve both the study of specific technical systems and their history as well as a thorough grasp
of the concepts and controversies of political theory,” (Winner, p. 135). Medical devices
containing discriminatory biases are not an isolated problem, it is a symptom of a larger,
institutionalized form of inequity. By understanding the policy that regulates and outputs biased
medical devices, the inequities that are implemented systematically throughout the entirety of the

American healthcare system will become clearer, and remedies to these issues will follow.

Research question and methods:

The research question I will be investigating is: Why are there no strict regulations
governing inclusion of minority data in FDA clinical medical device trials? To answer this
question, I will be doing a thorough policy analysis of FDA diversity efforts since its installation
as a government agency in 1906. This will include an examination of Congressional hearings,
white papers, FDA conducted studies on diversity efforts, and the repository of official
recommendation papers. Simultaneously, I will be conducting a literature review of UVA
anthropologic resources on minority health data. This part of the research approach will consider
how anthropologic information, whether scientifically or socially constructed, informed FDA
recommendations for inclusion of minority data. Specifically, this holistic research approach
reflects on the biases that instruct implementation of policies, or lack thereof, in the medical
setting, and how efforts can be allocated to reduce predisposition in the creation of medical

devices.



Conclusion:

In my technical project, | will be combining the information acquired from the flow
dialysis model, in vitro model, and mass-balance computational model to not only improve the
efficacy of bilirubinometers on dark-skinned patients, but to create a deeper understanding of the
physiological mechanisms of bilirubin and lumirubin throughout the human body. The STS
portion of my thesis will consider microscale effects of systematic racism in the American
healthcare system, specifically how FDA recommendations of medical device clinical trials
perpetuate inequitable access to quality healthcare across minority demographics. By combining
these two deliverables, | will display the ways in which FDA medical device clinical trials can be
re-structured to serve and benefit all consumers of the American healthcare system, while still

producing effective and novel medical devices.
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