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Uniform Determination 
of Death Act

Either

■ (1) irreversible cessation 

of circulatory and 

respiratory functions

Or 

■ (2) irreversible cessation 

of all functions of the 

entire brain, including the 

brain stem 



Abbey Ahern carried an 

anencephalic pregnancy 

to full term, solely for 

organ donation.

By determination of 

death, only the baby’s 

heart values were viable 

for transplantation.

Sarah Libby Photography. https://www.goodhousekeeping.com/life/inspirational-

stories/a41870/annie-ahern-anencephaly-infant-loss/



How technology has changed the world of medicine, GeoSpatial World, retrieved from https://www.geospatialworld.net/blogs/how-technology-has-

changed-the-world-of-medicine/



https://www.nurse.com/blog/2019/05/28/difficult-patient-situations-lead-moral-

ethical-dilemmas/

http://rc.rcjournal.com/content/56/9/1298

New Protocol--
Donation after Cardiac Death (DCD)” 



Acts of commission and omission

■ We are morally responsible for our 

acts, but less so for our omissions.

■ Doing something that results in 

consequences carries more 

responsibility than the same 

consequences from not doing

anything.

■ To act is intentionally to bring about 

or prevent a change in the world. 

■ To omit action: leave something 

unchanged or let something 

happen.



https://www.nbcnews.com/think/opinion/james-marion-sims-problem-how-doctors-can-avoid-whitewashing-medicine-ncna880816



Dr. James Marion Sims
“Father of Gynecology”



Dr. Samuel Cartwright, plantation owner

“The deficiency in the negro, may be safely estimated at 20 percent.”
“If left free, the lungs of blacks cannot “vitalize the blood” 



… “difference in the structure of the 
pulmonary apparatus, as the principal 
regulator of animal heat, which 
rendered blacks more tolerant of heat 
than of cold.” 

The lung capacity of “Full Blacks” 
is 6 to 12 percent lower than that 
of “Whites”. 





“Because “race” is not a biological category, using it as a means to subdivide 

the human species in biomedical research is useless because it tries to falsely 

explain differences in outcomes as a consequence of biological properties. 

Biologists, anthropologists, and geneticists do not see evidence to subdivide the 

human species into racial groups. The categorization of humans into biological 

“races” has not, does not, and most probably will not lead to valuable insights 

for the biomedical scientific community. Continuing to use this arbitrary 

subdivision will lead to misleading and wrong findings and will cement a divide 

that does not naturally exist. Instead, it will rigidify cultural and political divides 

and contribute to conflict.” 

-Wolfgang Umek and Barbara Fischer



African American Heart Failure Trial 



A Validated Risk Score 

for In-Hospital Mortality 

in Patients With Heart 

Failure From the 

American Heart 

Association Get With 

the Guidelines Program

-Peterson, et. al



Hidden in Plain Sight — Reconsidering the Use of Race Correction in Clinical Algorithms 
-- Vayas, Einstein and Jones 

■ Black and Latinx patients who presented to a Boston emergency department with heart failure 
were less likely than white patients to be admitted to the cardiology service. 

■ Race adjustments that yield higher estimates of kidney function in black patients might delay 
their referral for specialist care or transplantation and lead to worse out-comes

■ Vaginal Birth after Cesarean (VBAC) algorithm predicts risk posed by a trial of labor for someone 
who has previously undergone cesarean section. Nonwhite U.S. women continue to have higher 
rates of cesarean section than white U.S. women. Use of calculator that lowers estimate of VBAC 
success for people of color could exacerbate these disparities. 

■ STONE score predicts likelihood of kidney stones in patients who present to the emergency 
department with flank pain. By assigning lower score to blacks, STONE algorithm may steer 
clinicians away from thorough evaluation for kidney stones in black patients. Developers of 
algorithm did not suggest why black patients less likely to have a kidney stone.

■ Algorithmic bias in medical artificial intelligence from widely used clinical tool, takes past health 
care costs into consideration in predicting clinical risk. Since health care system spends more 
money, on average, on white patients than on black patients, tool returned higher risk scores for 
white patients than for black patients. Scores may have led to more referrals for white patients to 
specialty services.



“…calculated by dividing the woman's AFP concentration by the median 
AFP concentration for normal singleton pregnancies at the appropriate 
day of gestation.”

“Different medians are used for white, African American, Hispanic, and 
Asian populations.” 



Percentage of pregnant women who took folic acid supplements before 
pregnancy according to maternal age (1999–2012). 

From: Public health failure in the prevention 

of neural tube defects: time to abandon the 

tolerable upper intake level of folate

https://publichealthreviews.biomedcentral.com/articles/10.1186/s40985-018-0079-6


Maternal diabetes induces senescence and neural tube defects sensitive to the senomorphic rapamycin

https://www.science.org/doi/10.1126/sciadv.abf5089



Race Is a Social Construct, Scientists Argue:
Racial categories are weak proxies for genetic diversity and need to be 

phased out
-Megan Gannon, Live Science, Feb 5, 2016

Credit: Liz von Hoene, Getty Images



Three questions for engineers 
who code for race correction algorithms

■ 1. Is the need for race correction based on robust evidence and 

statistical analyses (with consideration of internal and external 

validity, potential confounders, and bias)?

■ 2. Is there a plausible causal mechanism for the racial difference that 

justifies the race correction?

■ 3. Would implementing this race correction relieve or exacerbate 

health inequities?



Biomedical Engineering Ethics Codes 
Biomedical engineers in the fulfillment of their professional engineering duties 
shall . . .

Biomedical Engineering 
Professional Obligations

■ 1. Use their knowledge, skills, and 

abilities to enhance the safety, 

health, and welfare of the public.

■ 2. Strive by action, example, and 

influence to increase the 

competence, prestige, and honor of 

the biomedical engineering 

profession. 

Biomedical Engineering 
Health Care Obligations

■ 1. Regard responsibility toward and 

rights of patients, including those of 

confidentiality and privacy, as their 

primary concern.

■ 2. Consider the larger 

consequences of their work in 

regard to cost, availability, and 

delivery of health care.



“Doctrine of commission and omission” 

Commission (Doing)

■ Race correction

Omissions (Not doing)

■ Sensors that can’t detect dark skin



“Who is in the room when these 
products are being researched, 
designed, prototyped, developed 
and human tested?”

-Bethlehem Gronnenberg
Founder and Chief Executive Officer, 
uCodeGirl

I could never forget this moment in 
time at a fancy bathroom of a 
conference center in the upper 
Midwest. It was kind of a bit 
embarrassing, actually. I was in a 
frantic and visible struggle with the 
faucet that conspired with the water to 
deny me a simple hand washing ritual. 
Worse, I already had soap on my 
hands. “Why can’t I get this automatic 
faucet to dispense water?”

“What Does Tech Have To Do with It?”: Everything. The Case For 
Diversity of Thoughts. Fall, 2020



Sensors
Device, module, machine, subsystem designed to detect events or 

changes in its environment and send the information to other 
electronics.

Seismometer Soil moisture

Airbag Weather radar

Radar Gun Gas meter

Brake Fluid pressure Water meter

Oil level Airspeed indicator

Breathalyzer Compass

Carbon Monoxide detector Odometer

Smoke detector Polygraph

Metal detector Barometer

Voltage detector Pressure gauge

Bed Wetting alarm Infrared (laser) thermometer

Rain gauge Motion detector

Doppler radar Magnetic Resonance Imaging (MRI)



Sensors detect specific biological, chemical, or physical processes and 
then transmit or report these data. 

Sensors play key roles in all aspects of health care—prevention, 
diagnosis, disease monitoring, treatment monitoring, etc.

National Institute of Biomedical Imaging and Bioengineering

■ Thermometers -- translate the expansion of a fluid or bending of a metal strip in 

response to heat into a number corresponding to body temperature. 

■ Paper-based home pregnancy tests -- contain a substance that changes color in the 

presence of hormones indicating pregnancy. 

■ Pulse oximeters (blood-oxygen monitors) measure changes in the body’s absorption 

of special types of light to provide information on a patient’s heart rate and the 

amount of oxygen in the blood.







Pulse Oximeter

2019, Sjoding, et. al. 
University of Michigan Medical

■ Increased rates of hypoxemia despite 
normal range pulse oximetry readings 
of 92%-96% in critically ill black 
patients admitted to medical 
intensive units and receiving 
mechanical ventilation.

■ Black patients had nearly three times 
the frequency of occult hypoxemia 
that was not detected by pulse 
oximetry as White patients. 

2021, Vesoulis, et. al. 

■ Studied nearly 70% of individuals 
identified as Black, Asian or Minority 
Ethnic, speculating that greater 
melanin concentration may have 
contributed to increased inaccuracy. 

■ Data collected revealed a complex 
relationship between pulse oximetry-
based estimation of arterial oxygen 
saturation and race. 

■ Black infants were noted to have true 
hypoxemia more often than White 
infants. 

■ Pulse oximetry overestimated the true 
arterial oxygen saturation of Black 
infants by 1% more on average 
compared to White infants. 



Sjoging’s 2019 COMMUNICATION in the 
New England Journal of Medicine

Letter:

■ “If the findings of the study by Sjoding et al. 
are correct, they establish a diagnostic 
inaccuracy, owing to darker skin color, not a 
racial bias. The term “racial bias” always 
refers to decisions that are influenced by a 
person’s race. Medical devices such as 
pulse oximeters are blind to color and cannot 
exhibit such a bias.”

Response:

■ “While overt, intentional racism may be easy 
to identify, racial bias has many forms and 
does not require ill intent. Unconscious or 
implicit racial bias is well documented in 
health care and can have many harmful 
consequences for Black patients. Similarly, 
algorithms or technologies can exhibit racial 
bias because of their design. The pulse 
oximeter is designed to measure the color 
of blood, so it is not surprising that it 
performs differently in patients with 
different skin tones. This difference has 
been documented for three decades, yet 
the problem remains neither fully corrected 
nor widely known. When pulse oximeters are 
systematically less accurate in Black 
patients than in White patients, this design 
flaw results in racial bias, intentional or 
not.”  



Contrasting Views of Technology and Values

Science and Technology Studies 

■ Seemingly objective and neutral 

engineering design and practice have 

built into them social norms, values, and 

culturally-informed judgments

■ Technology is inextricably influenced by 

social elements

■ “Prioritizing certain “technical” features 

(faster, smaller, cheaper vs. quality or 

sustainability) over others is a social 

and political choice”

- Erin A. Cech 

Value-Neutrality

■ Technology is morally and politically 

neutral

■ Technology is neither good nor bad; 

■ Only uses/ applications of 

technology have moral or other 

value, not the technology itself 



Sjoging, et. al, 2020

“It is worth restating that the increased rates of occult hypoxemia in Black 

patients is a phenomenon that has been intermittently recognized by the 

medical community for the past three decades. Universal calibration of pulse 

oximeters using data from patients of different skin tones was first suggested by 

Jubran and Tobin in 1990, but this has yet to be accomplished or prioritized. 

Systematic underdiagnosis of hypoxemia in Black patients is likely attributed to 

technical design issues, but the decision to tolerate the miscalibration for Black 

patients has been collective despite the available evidence.” 





“When I started Masimo in 1989, we worked on this variable in our SET 

Pulse Oximeter by making sure to have an equal number of dark-skinned 

and light-skinned people represented in our calibration studies. However, 

I do not believe that the whole picture has been painted here, leaving 

room for some to create an inaccurate narrative with potentially lethal 

consequences.”

- Joe Kiani, Founder and chief executive of Masimo Corp.



 Sickle-cell disease affects nearly 10% of the Black population. Sickle-
cell disease has been shown to cause significant errors between 
invasive CO-oximeter and noninvasive pulse oximeter measurements.

 High carboxyhemoglobin (COHb) and methemoglobin (MetHb) in the 
blood. There are over 40 drugs commonly given in hospitals that can 
elevate MetHb dangerous levels, and skew oximeter readings.

 Tissue damage and poor circulation, which, they indicate, afflicts 
Black people more than any other racial or ethnic group and can also 
negatively affect the accuracy of the pulse oximetry readings.

 Not all pulse oximeters are of the same quality. Inaccuracies are 
usually associated with conventional pulse oximeters, or cheap 
finger-clip pulse oximeters sold at local pharmacies.



Questions about technology following Principles of Biomedical Ethics

Principle of respect for persons: Does the technology I am using enhance or 
disrupt my capacity to respect persons and their autonomy?

Principle of nonmaleficence: Does the technology I am using lead me to 
minimize harmful treatments and outcomes? 

Principle of beneficence: Does the technology I am using lead me to 
maximize good results?

Principle of justice: Does the technology I am using promote fairness and 
equity for all of my patients? Does using this technology mean for some 
benefit to which a person is entitled is denied without good reason or some 
burden is imposed unduly? Are all patients being treated equally? 



Questions?
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