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Though machines are 
theoretically subject to human 
criticism, such criticism may be 
ineffective until long after it is 
relevant. 

To be effective in warding off 
disastrous consequences, our 
understanding of our man-made 
machines should pari passu (at 
the same rate) with the 
performance of the …

By the time we react to the 
information conveyed by our 
senses and stop the car we are 
driving, it may already have run 
head on into a wall. 

Screenshots from TechCrunch

Wiener, N. (1960). 
Some Moral and Technical Consequences of Automation.
http://www.jstor.org/stable/1705998



Stuart Russell, ‘Human-Compatible Artificial Intelligence’

➜ AI research, in its present form, studies the ability to achieve 

objectives, not the design of those objectives. 

➜ This problem requires a change in the definition of AI itself—from a 

field concerned with a unary notion of intelligence as the optimization 

of a given objective, to a field concerned with a binary notion of 

machines that are provably beneficial for humans. 

The Problem of Human/Machine Objective Alignment

Stuart Russell, 
‘Human-Compatible Artificial Intelligence’



AI research, in its present form, studies the ability to achieve objectives, 

not the design of those objectives. 

This problem requires a change in the definition of AI 

itself—from a field concerned with a unary notion of intelligence as the 

optimization of a given objective, to a field concerned with a binary notion 

of machines that are provably beneficial for humans. 

➜ The “Limits of Usefulness”

The Problem of Human/Machine Objective Alignment
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Great Baltimore Fire of 1904





April 1953:
James Watson, 
Francis Crick, Maurice 
Wilkins, and Rosalind 
Franklin publish their 
discovery of the 
three-dimensional, 
double-helical 
structure of DNA.





In the late 1960s, Werner 
Arber discovered restriction 
enzymes, which cut DNA 
molecules.
This opens the door to:
• explaining the order in 

which genes exist on the 
chromosome

• investigating genes' 
chemical composition

• putting DNA together in 
new combinations

(nobelprize.org)

Newsweek, 1978





Paul Berg





Two years after the 
Asilomar conference, the 

National Academy of 
Sciences held a follow-up 

meeting to further discuss 
the ramifications of 

recombinant DNA. The 
panel, which included Paul 

Berg, drew protests 
against the new 

technology.

Image courtesy of the National Library of Medicine.
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Non-Democratic Proceduralization as a Limit to Usefulness

“There is a lesson in Asilomar for all of science: the best way to respond 
to concerns created by emerging knowledge or early-stage technologies is 
for scientists from publicly-funded institutions to find common cause with 
the wider public about the best way to regulate — as early as possible.

Once scientists from corporations begin to dominate the research 
enterprise, it will simply be too late.”

- Paul Berg in a 2008 retrospective
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Medical Diagnosis Coding

Source: Medical Coding: What It Is and How It Works, Second Edition



Error-Prone Aspects of Diagnosis Coding

➜ Illegible physician handwriting

➜ Illogical physician diagnosis documentation

➜ “#1) Chest pain secondary to #1”

➜ “Fractured ear lobe” (not anatomically possible)

➜ Lack of physician documentation

➜ Transcription errors by typist or voice-recognition systems

➜ “Baloney amputation” (should be below-knee amputation)

➜ “Liver birth” (should be live birth)

➜ Content of the rest of the patient’s medical record does not 

support the diagnosis documented

➜ Lack of specificity

➜ “Anemia” (there are several hundred different types of anemia)

All could happen despite using same 
ICD version, with same our same 
understanding of a medical condition

Source: Medical Coding: What It Is and How It Works, Second Edition



A bit about sepsis

➜ Sepsis is a life-threatening organ dysfunction caused when an infection you already have 

triggers a chain reaction throughout your body-- the body’s response to infection begins to 

damage its own organs. 



A bit about sepsis

Source: 
Global Sepsis 
Alliance 

https://www.worldsepsisday.org/toolkits


Sepsis Time-to-Detection is Critical Area of Research

➜Mortality increases 7.6% for 

every hour after onset of low 

blood pressure. (Critical Care 

Medicine)

➜4% drop in survival rate each 

hour antibiotics are delayed 

(New England Journal of 

Medicine) 



Sepsis: Challenges with Source Identification

1. Can be preceded by a wide 

variety of infections—

bacterial, viral, fungal, 

parasitic

2. Variable time to onset of 

sepsis after the infection’s 

onset

Source: Global Sepsis Alliance 

https://www.worldsepsisday.org/toolkits


Sepsis: Challenges with Testing

➜ There is no test that can detect sepsis rapidly enough to be useful.

➜ There are a multitude of relevant tests that physicians may perform depending on 

the context to help identify sepsis—blood tests, confirmatory tests, urine tests, 

infection-specific tests. 

➜ These are typically used in concert with a clinical risk stratification tools, such as 

the Quick Sequential Organ Failure Assessment (qSOFA), Rapid Emergency Triage 

and Treatment System (RETTS), and National Early Warning Score 2 (NEWS2).

➜ Sepsis risk stratification tools have various levels of adoption from country to 

country

Sources: 

Sepsis Alliance, August 2021

National Institutes of Health, August 2020

https://www.sepsis.org/sepsis-basics/what-is-sepsis/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8244393/


Sepsis: An Evolving Definition

Sepsis 1: A 1991 consensus conference developed initial definitions that systemic inflammatory 

response syndrome (SIRS) to infection would be called sepsis.

Sepsis 2: Definitions of sepsis and septic shock were revised in 2001 to incorporate the threshold values 

for organ damage.

Sepsis 3: In 2016, the new definitions of sepsis and septic shock changed dramatically. Sepsis is now 

defined as life-threatening organ dysfunction caused by a dysregulated host response to infection. The 

consensus document describes organ dysfunction as an acute increase in total Sequential Organ Failure 

Assessment (SOFA) score two points consequently to the infection. A significant change in the new 

definitions is the elimination of any mention of SIRS. The Sepsis-3 Task Force also introduced a new 

bedside index, called the qSOFA, to identify outside of critical care units’ patients with suspected 

infection who are likely to develop sepsis. 

Source: National Institutes of Health, February 2017

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5512390/


Sepsis: Challenges with Diagnosis Coding

• February 2020 in the Journal of Thoracic Disease:

• “Numerous studies have suggested that sepsis incidence is increasing 
over time and mortality rates are declining. These estimates are biased, 
however, by increasing clinical awareness of sepsis, more screening, 
decreasing diagnostic thresholds, and more diligent coding practices.”



So, algorithmic sepsis prediction is…



• One of the most widely implemented early warning systems for sepsis in US hospitals is the Epic Sepsis Model 

(ESM), which is included as part of Epic’s EHR and currently in use at hundreds of hospitals throughout the 

country. 

• This model was developed and validated by Epic Systems based on data from 405,000 patient encounters 

across 3 health systems from 2013 to 2015. However, owing to the proprietary nature of the ESM, only limited 

information is publicly available about the model’s performance, and no independent validations had been 

published to through June 2021.

• Epic tells customers its sepsis warning system can correctly distinguish two patients with and without sepsis at 

least 76 percent of the time.

Epic Sepsis Prediction Model 



Researchers asked: They Studied 2018-2019 Data From: 

June 2021 Report in the Journal of the American Medical 
Association (JAMA)

➜ How accurately does the Epic Sepsis 
Model, a proprietary sepsis prediction 
model implemented at hundreds of US 
hospitals, predict the onset of sepsis?

40,000 
hospitalizations 

30,000 
patients

Sepsis occurred 
in 2552 (7%) of 
hospitalizations



And Found That:

Elimination of Independent Third-Party Validation as a Limit 
to Usefulness

• The Epic Sepsis Model did not identify two-thirds of the roughly 2,500 sepsis 
cases in the Michigan data. It would have alerted for 183 patients who 
developed sepsis but had not been given timely treatment by staff.

• Most of the Epic system’s alerts would have been false alarms. When it flagged 
a patient, there was only a 12 percent chance that person would develop 
sepsis. 



Conclusions

32

Regulations will not keep 
pace with Innovation in 
AI

The better formulation–
the less democratic 
(openly available, 
accessible) the ideation 
and implementation of 
AI in our everyday life, 
the less provably 
beneficial the AI can 
plausibly be. 

Moreover, we must not 
rely upon any power 
center to decide what is 
or is not beneficial AI


