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Not yet…
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Deep learning

• Deep learning is a type of machine learning that 
trains a computer to perform human-like tasks. 

• Instead of organizing data to run through predefined 
equations, deep learning sets up basic parameters 
about the data and trains the computer to learn on 
its own by recognizing patterns using many layers of 
processing. 

• Deep learning is one of the foundations of artificial 
intelligence (AI), and the current interest in deep 
learning is due in part to the buzz surrounding AI. 
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Artificial Intelligence (AI)

• Makes it possible for machines to learn from (human) 
experience, adjust to new inputs and perform human-like 
tasks. 

• Most AI examples today – from chess-playing computers 
to self-driving cars – rely heavily on machine and 
deep learning. 

• Computers can be trained to accomplish specific tasks by 
processing large amounts of data and recognizing 
patterns in the data.
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Machine learning vs. data mining

• Machine learning and data 
mining use the same 
methods and overlap 
significantly

• Machine learning 
focuses on prediction, 

• Data mining focuses on 
the discovery of 
unknown properties in 
the data.
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Tracking Disease Outbreaks

• One of the earliest examples was 
Google Flu Trends, which began 
offering real-time data to the public in 
2008. Based on people’s Internet 
searches for flu-related terms, this tool 
monitored flu outbreaks worldwide.

Google Flu Trends  2008-2013
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Self Driving cars.

2016 2010
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2015
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Why AI has become more popular today?

Improvements in 
computing power

Increase data 
volumes and 

storage
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Christodoulou E, Ma J, Collins GS, Steyerberg EW, Verbakel JY, van Calster B. A systematic review shows no performance 
benefit of machine learning over logistic regression for clinical prediction models. J Clin Epidemiol. 2019 Feb 11. pii: S0895-
4356(18)31081-3. PMID: 30763612.
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AI Limitation #1

The principle limitation of AI is that it learns 
from the data.

• There is no other way in which knowledge 
can be incorporated. 

• That means any inaccuracies in the data 
will be reflected in the results. 

• And any additional layers of prediction or 
analysis have to be added separately.
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AI Limitation #2

Today’s AI systems are trained to do a clearly 
defined task. 

• The system that plays poker cannot play solitaire 
or chess. 

• The system that detects fraud cannot drive a car 
or give you legal advice. 

• In fact, an AI system that detects health care 
fraud cannot accurately detect tax fraud or 
warranty claims fraud.

The imagined AI technologies that you see in movies and TV are 
(STILL) science fiction.
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Problem: EMR data has pre-test probability
• EMR data has characteristics that decrease the practicality of 

most predictive models. 

• It is Pretest Probability which is the 
probability of a patient having a target 
disorder before a diagnostic test result is 
known. 

• Data is present in the EMR when clinicians cause it to be there as 
they suspect a specific health problem. For example, a diagnostic 
troponin test is ordered because a physician suspects myocardial 
infarction. 

AI Limitation #3 (EMR data)
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http://www.tylervigen.com/view_correlation?id=1597 

Problem: Data mining does not infer causality



3 waves of AI in medicine
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• Risk calculators
• Doesn’t learn new rules
• Doesn’t deal with unknown

First
1990-2005

• Pattern recognition
• Statistical learning or “machine 

learning”

Second
2010-2018

• Inquisitory artificial intelligence
• Automatization

Third
2018 -



Artificial intelligence 2.0



Time spent on patient care
• In ED physicians spent 44% of their time, 

on average, performing data entry.

Hill RG Jr, Sears LM, Melanson SW. 4000 clicks: a productivity analysis of electronic medical records in a community hospital ED. Am J Emerg Med. 
2013 Nov;31(11):1591-4. PMID: 24060331.
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• Much of what physicians do (checkups, testing, 
diagnosis, prescription, behavior modification, etc.) 
can be done better by sensors, passive and active 
data collection, and analytics. 

• But, doctors aren’t supposed to just measure. 

• They’re supposed to consume all that data, consider 
it in context of the latest medical findings and the 
patient’s history, and figure out if something’s 
wrong. 

Vinod Khosla,
co-founder of Sun Microsystems, 

founder of Khosla Ventures

http://fortune.com/2012/12/04/technology-will-replace-80-of-what-doctors-do/



https://spectrum.ieee.org/biomedical/diagnostics/how-ibm-watson-overpromised-and-underdelivered-on-ai-health-care

https://spectrum.ieee.org/biomedical/diagnostics/how-ibm-watson-overpromised-and-underdelivered-on-ai-health-care
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Chatbots

• The majority of current and 
emerging use cases appear 
to focus on checking patient 
symptoms. Specifically, 
natural language processing 
is used to help diagnose a 
user based on the symptoms 
he or she provides. 
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Voice recognition

Detecting Coronary Artery Disease (CAD) by the voice – through joint research 
with the Mayo clinic.
Maor, E., Sara, J.D., Orbelo, D.M., Lerman, L.O., Levanon, Y., and Lerman, A. Voice signal characteristics 
are independently associated with coronary artery disease. Mayo Clin Proc. 2018;93: 840–847a
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Emotion recognition
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Contactless vitals
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Contactless thermometer (FDA and CE cleared)
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Clinical control tower- prediction monitoring

© 2018 Mayo Foundation for Medical Education and Research
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Clinical control tower- viewer

© 2018 Mayo Foundation for Medical Education and Research
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Real time monitoring
SCIP-4 glucose control metric

Task: EMR solution to help providers maintain 100% adherence with SCIP-4. 
- Not disruptive. 
- Zero data entry 

© 2014 Mayo Foundation for Medical Education and Research
Fedosov V, Dziadzko M, Dearani JA, Brown DR, Pickering BW, Herasevich V. Decision Support Tool to Improve Glucose Control 
Compliance After Cardiac Surgery. AACN Adv Crit Care. 2016 Jul;27(3):274-282. PMID: 27959310.



Control of implementation process 

Fedosov V, Dziadzko M, Dearani JA, Brown DR, Pickering BW, Herasevich V. Decision Support Tool to Improve Glucose Control 
Compliance After Cardiac Surgery. AACN Adv Crit Care. 2016 Jul;27(3):274-282. PMID: 27959310.
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Ethics guidelines for trustworthy AI 

https://ec.europa.eu/digital-single-market/en/news/ethics-guidelines-trustworthy-ai

Published April 8, 2019

• Human agency and oversight: AI 
systems should enable equitable societies 
by supporting human agency and 
fundamental rights, and not decrease, limit 
or misguide human autonomy.

• Robustness and safety: Trustworthy AI 
requires algorithms to be secure, reliable 
and robust enough to deal with errors or 
inconsistencies during all life cycle phases 
of AI systems.

• Accountability: Mechanisms should be 
put in place to ensure responsibility and 
accountability for AI systems and their 
outcomes.
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FDA framework for artificial intelligence-based 
medical devices (proposal)

• The artificial intelligence 
technologies granted marketing 
authorization and cleared by the 
agency so far are generally called 
“locked” algorithms that don’t 
continually adapt or learn every 
time the algorithm is used.

• A new approach to these 
technologies would address the 
need for the algorithms to learn 
and adapt when used in the real 
world. 

https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm635083.htm 
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But still…. EHR (Artificial intelligence) contracts

• Customer agrees to defend, indemnify 
and hold harmless EHR technology 
developer and its employees, officers, 
directors, or contractors (collectively, 
“EHR technology developer 
Indemnitees”) from any claim by or on 
behalf of any patient of Customer, which 
is brought against any EHR technology 
developer Indemnitee regardless of the 
cause if such claim arises for any reason 
whatsoever out of the operation of the 
EHR Software licensed to Customer 
under this Agreement.

https://www.healthit.gov/sites/default/files/ehr_contracting_terms_final_508_compliant.pdf
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The next generation of EHRs will be different

1. Interoperability
2. Functional modules. 
3. Note creation will be automated 

(combining images, text and voice). 
4. Interaction will EMR will use 

Speech Recognition
5. Video Recognition will mimic 

clinician’s interaction with patients
6. AI will be center of clinical 

decision support. 



vitaly@mayo.edu

Google → “Clinical informatics Mayo”

ISBN-10: 1498766471

Thank You!
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