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Information has always been a major focus of clinical practice, and twenty-first century
physicians face an even more data- and information-intense world than their predecessors.
This lecture provides an introduction and overview of clinical informatics, the field that
focuses on how data and information are acquired, used, and evaluated. It describes a
number of the clinical, professional, and ethical issues related to data and information use in
health care, including new emerging areas such as machine learning and artificial
intelligence. It also lays the foundation for other content in the curriculum in clinical
informatics.

Learning Objectives

* Discuss the central role that data and information play in the practice of medicine

* Distinguish between the different aspects of information from a medical professional
perspective including efficient and speedy retrieval, analysis of quality, and patient
friendliness

» Describe the key issues of data in the electronic health record (EHR) to its use in data
analytics, machine learning, and related areas

 Evaluate the discipline of clinical informatics as it pertains to medicine
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Session Objectives

* Discuss the central role that data and information play in the

practice of medicine

* Distinguish between the different aspects of information from a
medical professional perspective including efficient and speedy
retrieval, analysis of quality, and patient friendliness

* Describe the key issues of data in the electronic health record (EHR)
to its use in data analytics, machine learning, and related areas

* Evaluate the discipline of clinical informatics as it pertains to

medicine
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Part of (but not limited to) Health Systems

Science:

Hersh and Ehrenfeld, Clinical Informatics,

Chapter 10 in Health Systems Science
(Skochelak et al., 2" edition, 2020)

For more information:
* Hersh (Ed.), Health Informatics:

Practical Guide, 8" Edition, Lulu.com,

2022

e http://www.informaticsbook.info/

e What is Biomedical Informatics?
e http://informatics.health

systems thinking
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Information and the new
medical student
(Shortliffe, 2010)

William Hersh, MD

HEN [ FIRST MEET WITH PRECLINICAL MEDICAL

students, I make a point of asking them what

they believe will receive the greatest focus of

their attention once they are in clinical prac-
tice. The most common response, not surprisingly, is pa-
tients, and yet it is clear to experienced practitioners that
the correct answer is information—in the service of their
patients. The need for information underlies essentially all
clinical work: the questions asked during a patient history,
the tests ordered, the books read, and the questions asked
of colleagues. A key correlate to information is knowledge,
that elusive concept that justifies all the years of education
and training, and that provides the background sense of what
is true that allows gathering and interpreting information
appropriately. Clinicians often start with data (eg, “Mr Jones’
creatinine is 5.2 mg/dL"), those individual elements that com-
bine to allow a synthesis of observations with what is known
in order to create summary statements of information (eg,
“Mr Jones has renal failure”).

Information skills are essential for
medical practice (Glasziou, 2008)

The search engine is now as essential as the stethoscope

What we know about diseases, diagnosis, and effective treatments is growing rapidly.

Today health professionals cannot solely rely on what they were first taught if they want

to do the best for their patients. It has repeatedly been shown that clinical performance

deteriorates over time." A commitment to lifelong learning must be integral to ethical

professional practice. However, the speed of the increase in knowledge—more than

2000 new research papers are added to Medline each day—represents a challenge.2 The

skills needed to find potentially relevant studies quickly and reliably, to separate the

wheat from the chaff, and to apply sound research findings to patient care have today

become as essential as skills with a stethoscope.

William Hersh, MD
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Most of you are “digital natives” but

* Not the same as competence in clinical informatics
* Your relationship with information changes as you become a healthcare
professional
*  You become responsible not only for “knowing” information, but also
— Using it to provide better care of patients
— Leveraging it to improve the healthcare system
Protecting privacy and confidentiality of patients
— Acting professionally with information
— Critically analyzing data sets and their potential biases
* Computer literacy is a prerequisite, not an end

Why is information different now that

you’re in medicine?
* Growth of medical knowledge

— 75 new clinical trials and 11 systematic reviews
published each day (Bastian, 2010)

* To say nothing of the basic science, especially genomics
* Medical knowledge no longer the exclusive
purview of physicians

— >80% of all Internet users search for personal health
information (Fox, 2013)




Many problems in healthcare have

information-related solutions

e Quality — not as good as it could be; slightly more than
half of patients get care they should get (McGlynn,
2003; McGlynn, 2020)

» Safety — errors cause morbidity and mortality; many
preventable (IOM, 2000; Classen, 2011; Leape, 2021)

* Cost— US spends more and gets less (Angrisano, 2007;
Brill, 2013; Martin, 2021)

* Inaccessible information — missing information
frequent in primary care (Smith, 2005)

EHR is more than “charting”

* Physicians must be able to
— Move from one vendor system to another

— Effectively use clinical decision support to remind us
to things to do and warn us about things not to do

— Access information from other settings where patient
received care through health information exchange

— Apply data analysis, especially in setting of population
health management, to achieve quality, safety, and
cost-effectiveness

10




Patients want more from us too

They have access to just about all of
the same knowledge resources we

can access through the personal Sl P -
health record (PHR) Witsat 0 Health Records
— And increasingly all of their medical ‘ ~
record

= AllRecords
Peanut Allergy

They want to interact with us ‘
digitally and want to interact with
healthcare the way they interact

with airlines, retailers, banks, etc.

They want access to and control
over their data

— We must educate them in the risks
and benefits

Albuterol HFA 90mcg
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Those who pay for care want more

accountability from us
e Purchasers (employers, government) and
payors (insurers) want assurance that care
provided is high-quality and cost-effective

— Clinical decision support aims to help physicians
make best choices and avoid errors

— Growing use of quality measurement and
improvement

William Hersh, MD Information is Different — 9/2022 12
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We also have responsibilities around
data and information

* Patients expect us to keep their information private and secure

— Health Insurance Portability and Accountability Act (HIPAA) regulations guide
our actions
¢ Treatment, payment, and operations (TPO) allow disclosure
* Other uses require patient consent

* Our public-facing persona must be professional, especially on social media
* Growing recognition of bias as we make more use of data and algorithms

— Protecting from companies and others “monetizing” our personal health data
(McGraw, 2020)

— Algorithms mis-appropriating resources based on biased data (Obermeyer,
2019; Kakani, 2020)

— Reconsidering use of race in algorithms (Butterfield, 2021)
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1. Find, search, and apply knowledge-based information to Engage in quality measurement selection and

What you can expect in your MD studies P cmaon omabsaain- sacorct g e

~
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at O H S U ( H e rs h 2 0 14 . 20 1 7 . 2 02 O) b. Evaluate information resources (literature, databases, how to measure it, and how to use it to change
’ ) ) etc.) for their quality, funding sources, biases. care.
c. Identify tools to assess patient safety (e.g., 8. Use health information exchange (HIE) to identify and

: : : . medication interactions). access patient information across clinical settings.
Advances in Medical Education and Practice Dove, P 9

d. Utiize knowledge-based tools to answer clinical a. Recognize issues of dispersed patient information
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b. Maintain familiarity with safety issues.
c. Use resources to solve safety issues.
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EHR also allows many re-uses of
patient data
Use data to improve care delivery

Healthcare quality measurement and
improvement

Clinical and translational research
Precision medicine
Public health surveillance
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Data allows us to implement the
learning health system

Unlike other industries (e.g., aviation),

medicine does not learn as well from its
mistakes BEST CARE AT LOWER COST
— Need to move away from culture of blame
— Many problems based on systems, not
individuals
Growing amount of clinical data in EHR

and other systems allow us to learn and
improve

Path to Continuously Learning
Health Care in America

. _ . (I0M, 2012)
— Can only be done with high-quality and
usable information
William Hersh, MD Information is Different — 9/2022 16

16




Built on a foundation of data

*  We have unprecedented amounts of data, not only from EHR but (Topol, 2019)

— Patient-collected data, e.g., wearables, tracking, etc.

— -Omics, e.g., genes, their expression, proteins, microbiome, etc.
* And new techniques to make use of that data

— Data science — “science of learning from data” (Donoho, 2017; in biomedicine: Hoyt, 2019)
Big Data — the four Vs: volume, velocity, variety, and variability (Chang, 2019)
Machine learning — computer programs that learn from data (Alpaydin, 2020)
Deep learning — new approaches to machine learning based on neural networks (Esteva, 2019)
Artificial (augmented?) intelligence — computer programs that perform tasks associated with
human intelligence (AMA, 2018)
* Overviews

— Deep Medicine (Topol, 2019)

— National Academy of Medicine (Matheny, 2019)

— (Rajpurkar, 2022)
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Machine learning will soon impact
clinical practice

* Most success has been with image interpretation (Liu, 2019)
— Radiology — chest x-rays
— Ophthalmology — retinal images
— Dermatology — skin lesions
— Pathology — breast cancer slides
® But success in other areas
— Predicting adverse events in hospitalizations (Rajkomar, 2018)
— Generating clinical notes from patient and physician verbal interaction (Rajkomar, 2019)
— Predicting protein folding from amino acid sequences (Jumper, 2021)
* Now need to translate basic science into clinical practice with clinical trials
— As of 2021, only 65 randomized controlled trials in all of medicine (Zhou, 2021)
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Machine learning and Al going forward

* Must “democratize data” and algorithms
(Allen, 2019)

* Address ethical concerns about use of data
and algorithms (Chen, 2020)

* Need “algorithmovigilance” (Embi, 2021)
* Will Al replace physicians?

— “Al won't replace radiologists, but
radiologists who use Al will replace
radiologists who don’t,” Langlotz, Stanford
radiologist (Reardon, 2019)

William Hersh, MD Information is Different — 9/2022 19

19

We must also learn to practice

medicine by alternative modalities

* Telehealth/telemedicine — clinical care separated
by time and/or distance (Daniel, 2015)

— Synchronous — real-time
— Asynchronous — sending images, video, etc.

* Usage exploded at onset of pandemic, aided by
relaxation of rules (Verma, 2020)

— Has reduced somewhat but much above earlier
baseline (Mann, 2020)
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Informatics lessons from COVID-19

* Has exposed not only health disparities but Che New ﬁork@imes
technology disparities
— Broadband Internet is a social determinant of e "

Red America V

health (Sieck, 2021)

— Public health information systems not up to task
(Gottlieb, 2021)

* Disinformation is deadly

— Spread widely by small number of people
(Disinformation Dozen, 2021)

— Augmented via automated means on social media,
e.g., Facebook (Ayers, 2021)

— Leading to assaults on science and scientists
(Hotez, 2021; Hotez, 2021)

hardt, 2021; via @EricTopol)
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Clinical informatics

* Part of larger biomedical and
health informatics, the field
concerned with the optimal use of
information, often aided by

technology, to improve
— Individual health

— Healthcare

— Public health

— Biomedical research

* (Hersh, 2009; Detmer, 2014)
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Fundamental theorem of informatics

Goal of informatics is

)>

Goal is not

(Friedman, 2009)
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Clinical informatics

* Competence required of all; career opportunities available for some

* Growing number of physicians work in roles such as Chief Medical
Informatics Officer (CMIO) or others in academia or industry

— Clinical informatics is now a subspecialty of all medical specialties

* OHSU is a national leader in research and education; MD

informatics curriculum probably more advanced than any other
medical school

— http://www.ohsu.edu/informatics
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http://www.ohsu.edu/informatics

What can you do in clinical
informatics?

* Informatics skills are essential to the practice of the 21+t
century physician

— You should master informatics just as you master any other
clinical skill

* For those interested as a career, plenty of opportunities in
medical school and beyond
— Scholarly projects, electives, and more
— Advanced study — e.g., graduate degree and/or fellowship

— Clinical informatics subspecialty — of all specialties; requires
fellowship after primary specialty training

25

Discussion

* What are the most important ways that clinical
informatics can benefit healthcare, public health,
and individual health?

* How can and should we engage patients in the
use of informatics tools we have discussed today?

* How can we minimize the harms from poor-
qguality or mis-used health data?
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Please evaluate me by clicking on the blue
“Evaluations” button on your Sakai home page.

B COURSE

Thank you.
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