Executive Summary
Wisconsin Institute for Healthcare Systems Engineering Roundtable
- When Health Care Meets Engineering -
January 12,2017

The second WIHSE Roundtable held January 12, 2017 convened a total of sixty-six people, including
twenty-six College of Engineering and twenty-three health sciences faculty and research staff, two
representatives from industry and one VP from UW Health, to engage participants and continue to
refine WIHSE's research agenda. Fourteen graduate and undergraduate students in engineering and
the health sciences also attended. (See Appendices A & B for the agenda and list of participants.)

COE Executive Associate Dean Jake Blanchard welcomed attendees and expressed support for large
interdisciplinary research initiatives such as that being promoted by WIHSE in the area of
healthcare systems engineering (HSE). Key to such research is to recognize opportunities and build
collaborations with industry. Professor Pascale Carayon presented an overview on WIHSE,
including its vision “to be the premier research institute that transforms health care through
engineering.” (See Appendix C for the slides and information presented during the introduction.)
WIHSE research addresses the Quadruple Aim of revolutionizing the patient experience, improving
population health, controlling healthcare costs and enhancing clinician satisfaction 1 and is applied
to five main foci for HSE research:

1) Monitoring and anticipating safe care transitions

2) Smart automation of imaging process/workflow

3) Smart and connected patient-centered care

4) Modeling, forecasting and responding to healthcare-associated infections

5) Technologies for integrated diagnosis and treatment.

Based on responses to a survey distributed to COE faculty and staff who attended the preceding
Roundtable held August 29, 2016, these five themes were integrated and defined more precisely
from a clinical perspective for the purpose of the present Roundtable. Four distinct “theme tables”
resulted; each one co-led by one faculty member from the COE and one faculty member from a
school of health science. One theme table attracted significant interest and therefore two tables
independently addressed the same theme. (See Table 1, next page) Each theme table was asked to
address two questions:

1) In the context of the Quadruple Aim, what are clinical challenges related to your theme?

2) In what ways can Engineering respond to the challenges?

The evaluation of the Roundtable provided positive feedback from the 25 participants who
completed the evaluation (excludes fourteen students and ten WIHSE Working Group members):
- understanding of healthcare systems engineering research opportunities in the COE:
score of 4.5 on 1-5 scale (1=strongly disagree, 5=strongly agree)
- awareness of others from the COE with whom they might collaborate in the area of healthcare
systems engineering:
score of 4.0 on 1-5 scale (1=strongly disagree, 5=strongly agree)
- awareness of others from the schools of health science with whom they might collaborate in
the area of healthcare systems engineering:
score of 4.2 on 1-5 scale (1=strongly disagree, 5=strongly agree)
- belief that the COE can develop impactful healthcare systems engineering technologies and
address major quality, efficiency and safety issues facing health care:
score of 4.9 on 1-5 scale (1=strongly disagree, 5=strongly agree).

1 Sikka, et al. (2015). The Quadruple Aim: Care, health, cost and meaning in work. BM] Quality and Safety.
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Table 1: Theme Table focus, co-leaders and affiliation of participants

Theme Table COE co-leader Health sciences co-leader | Participants”

Monitoring & anticipating safe care transitions 6 COE
for vulnerable populations (e.g., children & Nicole Werner* Barb Bowers* (SON) 4 SMPH
elderly patients) 1 SON
Smart automation & technologies for 4 COE
coordinating & communicating diagnosis & Jingshan Li* Maureen Smith* (SMPH) 5 SMPH
treatment: Application to cancer & diabetes

5 COE

Beth Meyerand* Gary Wendt (SMPH) 5 SMPH

Smart & connected patient-centered care: 1 Industry
Implications for clinical decision support, 5 COE
telehealth & sensing technologies Doug Wiegmann* | Michelle Kelly (SMPH) 51’ gl(\)/ll\PI’H

1 Industry
Patient safety: Modeling, forecasting & 3 COE
responding to healthcare-associated 1 SMPH
complications (e.g., infections & medication Oguzhan Alagoz* | Nasia Safdar (SMPH, VA) 2 SON
safety) 1 SOP*

1 UW Health

* Also members of WIHSE Working Group

A COE = College of Engineering, SMPH = School of Medicine & Public Health, SON = School of Nursing, SOP = School of Pharmacy

Similar to the previous Roundtable, engineering novel healthcare systems to optimize workflow and
management of information was a common focus across the four Theme Tables. Data quality, data
meaning and the sheer volume of data were identified as significant research opportunities. Given
the clinical focus and attention to the Quadruple Aim, patient engagement and human-centered
design of technology for clinical use by individuals and within teams were also identified as cross-
theme research areas. Additionally, clinical participants expressed interest in the opportunity new
engineering methods, models and algorithms pose in the areas of 1) forecasting (needs

identification and anticipation), 2) sensing, 3) remote monitoring, 4) machine learning, 5)

technology implementation, 6) workflow and workload management, and 7) feedback and learning.

Following are summaries of the discussion of each Theme Table.

Monitoring and anticipating safe care transitions for vulnerable populations (e.g., children and elderly

patients)

Transitions across the patient journey, including the “ends” of the spectrum (i.e., children and
elderly patients), represent points of clinical instability, vulnerability and risk. Patient and
caregiver needs must be anticipated to ensure the handoff from site to site, provider to provider
and provider to patient are safe. We must create systems that support the work and anticipate

the needs of all involved by providing access to meaningful information that facilitates

communication, engages patients and their caregivers in the transition process (including
discussions and decision making) and introduces solutions that are designed and implemented

with varying users in mind.

Such technology(ies) must address issues of distance between providers as well as physical

remoteness of the patient. They must also allow for integration of different technology

platforms and provide a means of identifying where and when appropriate high quality care can
best be offered. With these considerations in mind, possible technologies to address transitions
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include telehealth, tele-consults, more interactive/interfaced health IT (e.g., electronic health
record) and sensors.

Smart automation and technologies for coordinating and communicating diagnosis and treatment:
Application to cancer and diabetes

Coordination and communication of care require well-designed systems that facilitate ongoing
treatment across multiple care providers, frequently in multiple locations that provide different
services and levels of care. Roles of the providers, the patient and caregiver(s) are rarely
clearly defined yet, in a macro sense, all of them are members of the care team. Lack of role
clarity results in unclear, disjoint relationships. Technology generally does not support team
communication or situation awareness; it is not designed with the user(s) in mind; it
infrequently promotes learning but frequently adds to workload. Unfortunately, we also do not
fully understand the integrity (or not) of the data; good information only results from good
data.

Ways in which engineering might respond to these issues include: identifying how machine
learning and artificial intelligence can address issues of anticipating and communicating needs
and directing coordination activities; understanding the consequences of coordination and
communication on workflow and therefore designing technology that increases efficiency,
decreases workload and offers feedback; creating systems that allow for intersystem
communication that also supports team communication. These systems must be designed for
users and with user input.

Smart and connected patient-centered care: Implications for clinical decision support, telehealth and
sensing technology (two groups)

Much of the technology currently used in health care is expensive and is used in a “reactive”
mode - to diagnose a condition or better understand a complaint a patient presents with. A
challenge to ensuring health, providing holistic care and preventing morbidity is to use
technology to identify potential problems early, when treatment can be more effective, and to
provide meaningful feedback to the user (both clinician and patient) concerning the patient’s
health. Technology captures data, but one does not always know what the data “mean” or how
they might be used. Technology alone will not improve care or outcomes and is too often
designed independent of the end user(s) of both the device/instrument and the data it
produces.

Similarly, the key to using technology for “smart and connected patient-centered care” is
knowing how to collect, manage and use data that are meaningful and reliable. Information
collection, management and use must be incorporated in the workflow; it must be accurate,
relevant, timely, promote learning, be customizable and not be fragmented or increase the
cognitive workload of the user. Recognizing there may be multiple users of the same data - be
they the clinician, patient or team - requires that their needs must be balanced.

Such technology, including telehealth should be considered an extension of a provider,
increasing access for the patient but not requiring co-location for treatment and advice. While
facilitating decision making, decision support should offer “deep” just-in-time learning to the
user. 3-D imaging technologies, currently being developed to facilitate patient/caregiver
education and plan for complex surgeries, must be explored further. The potential benefits of
telehealth, clinical decision support and sensing technologies will be realized when they are
“intelligent” - the output will be relevant, accurate, timely, highly informative and provide
information at multiple levels to the respective user (including the patient). A significant
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challenge is how to convert data to knowledge; these data-rich systems must provide
meaningful information.

Patient safety: Modeling, forecasting and responding to healthcare-associated complications (e.g.,
infections and medication safety)

In light of Quadruple Aim, healthcare-associated complications adversely affect patient
engagement, decrease clinician satisfaction, increase costs and negatively impact the health of
the population - sometimes over the long term and other times for an acute, yet prolonged (due
to the complication), episode of care. By involving patients in their care - for example managing
their medications or having a role in antibiotic stewardship — we can increase medication safety
and enhance effectiveness of antibiotics in treating infections. This will contribute to decreasing
healthcare-associated complications. However we must explore, through HSE, how to design
ways to ensure the “right thing” occurs. Vulnerable populations (e.g., elderly and children) are

all too often not engaged in their care. By developing models to predict or anticipate
complications or identify vulnerable populations, sensors to recognize infections or other
complications in their early stages, technology that is infection-resistant (e.g., IV lines) and
models for predicting cost-effective means of addressing complications, engineers, in
conjunction with healthcare providers, can effectively address issues of patient safety. Team
science must also provide a theoretical framework for understanding teams and team member
interactions, including interactions with the patient and caregiver. These human-centered
proactive systems must also provide users feedback and decrease workload. The physical
environment in which care is provided must also be designed to complement and promote
recovery and health maintenance and therefore help to reduce and prevent healthcare-
associated complications.

Conclusion

The upcoming WIHSE Inaugural Conference scheduled for March 16-17, 2017 will build on the

results of this Roundtable. Nationally recognized researchers and leaders in HSE, safety and quality
who have committed to participate include: Carolyn Clancy, Deputy Undersecretary for Health and

Organizational Excellence, Dept. of Veterans Affairs; Patti Brennan, Director, National Library of
Medicine; Michael McGinnis, Executive Officer, National Academy of Medicine; Alan Kaplan, CEO,
UW Health; Tejal Gandhi, President and CEO of the National Patient Safety Foundation (NPSF);
representatives from AHRQ, NCI, NSF and others.
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Appendix A - WIHSE Roundtable: When Health Care Meets Engineering
Agenda

WIHSE Roundtable - When Health Care Meets Engineering
Agenda
3:45-6:30, Thursday, January 12, 2017
H.F. DeLuca Forum, WID

Objective: To identify areas for Healthcare Systems Engineering research collaboration
and determine next steps for projects and grant proposals.

3:45 - 4:00 PM: Registration
e Appetizers and Beverages served

4:00 - 4:20 PM: Welcome and Introduction to WIHSE
e Jake Blanchard, Executive Associate Dean, College of Engineering; Duane H. and Dorothy
M. Bluemke Professor, Department of Engineering Physics
e Pascale Carayon, Procter & Gamble Bascom Professor in Total Quality, Department of
Industrial and Systems Engineering

4:20 - 5:30 PM Theme Table Discussions

e Monitoring and anticipating safe care transitions for vulnerable populations (e.g.,
children and elderly patients)

e Smart automation and technologies for coordinating and communicating diagnosis and
treatment: Application to cancer and diabetes

e Smart and connected patient-centered care: Implications for clinical decision support,
telehealth and sensing technologies

e Patient safety: Modeling, forecasting and responding to healthcare-associated
complications (e.g., infections and medication safety)

5:30 - 5:55 PM: Wrap Up, Theme Table Summary Presentations

5:55 - 6:00 PM: Next Steps and Thank You
e Pascale Carayon, Procter & Gamble Bascom Professor in Total Quality, Department of
Industrial and Systems Engineering

6:00 - 6:30 PM: Post Event Conversations
e Bar will stop serving at 6:20



Appendix B - WIHSE Roundtable: When Health Care Meets Engineering

Attendees
1 Affiliation
Name Title Department School/College
Peter Adamczyk Assistant Professor Mechanical Engineering Engineering
Oguzhan Alagoz Associate Professor Industrial & Systems Engineering
Engineering
Christie Bartels Assistant Professor Medicine - Rheumatology SMPH
Jake Blanchard Associate Dean; Professor Administration; Engineering Engineering
Physics
Walter (Wally) Professor Biomedical Engineering Engineering
Block
Barbara Bowers Associate Dean for Research & | Nursing Nursing
Sponsored Programs; Professor
Meghan Brennen Assistant Professor Medicine - Infectious Disease | SMPH
Pascale Carayon Professor; Director Industrial & Systems Engineering
Engineering; CQPI
Michelle Chui Associate Professor Pharmacy Pharmacy
Betsy Clough Vice President, Quality & UW Health
Patient Safety
Ryan Coller Assistant Professor Pediatrics SMPH
Chris Crnich Associate Professor Medicine - Infectious Disease | SMPH
Shannon Dean Chief Medical Information UW Health
Officer
Associate Professor Pediatrics SMPH
Caprice Greenberg Professor Surgery SMPH
Susan Hagness Associate Dean for Research Administration; Electrical & Engineering
and Graduate Affairs; Professor | Computer Engineering
Peter Hoonakker Research Scientist & Associate | Center for Quality & Engineering
Director Productivity Improvement
Ann Hundt Research Scientist & Associate | Center for Quality & Engineering
Director Productivity Improvement
Leon Janssen Retired Executive GE Healthcare
Nizar Jarjour Senior VP & Chief Academic UW Health
Integration Officer
Professor and Head Medicine - Allergy, SMPH
Pulmonary & Critical Care
Michelle Kelly Assistant Professor Pediatrics SMPH
Barbara King Assistant Professor Nursing Nursing
Katie Leung Communications Specialist Industrial & Systems Engineering
Engineering
Jingshan Li Professor Industrial & Systems Engineering
Engineering
Yao Liu Assistant Professor Ophthalmology & Visual SMPH
Services
Zhengiang (Jack) Ma | Professor Electrical & Computer Engineering

Engineering




Affiliation

Name Title Department School/College
Beth Meyerand Professor Biomedical Engineering Engineering
Todd Molfenter Assistant Scientist Industrial & Systems Engineering
Engineering/CHESS
Marlon Mundt Associate Professor Family Medicine SMPH
Phil O'Leary Professor; Department Chair Engineering Professional Engineering
Development
Angela Pakes Assistant Director of New Grainger Institute for Engineering
Ahlman Technologies; Researcher Engineering; Civil &
Environmental Engineering
Brian Patterson Assistant Professor Emergency Medicine SMPH
Barbara Clinical Professor Nursing Nursing
Pinekenstein
Heidi-Lynn Ploeg Associate Professor Mechanical Engineering Engineering
Michael Pulia Assistant Professor Emergency Medicine SMPH
Robert Radwin Professor Industrial & Systems Engineering
Engineering
Edmond Ramly Postdoctoral Research Center for Health Systems Engineering
Associate Research & Analysis
Alejandro Roldan- Assistant Professor Mechanical Engineering Engineering
Alzate
Nasia Safdar Associate Professor Medicine - Infectious Disease | SMPH
Krishanu Saha Assistant Professor Biomedical Engineering Engineering
Mary Sesto Associate Professor Medicine - SMPH
Hematology/Oncology
Maureen Smith Professor Pop Health Sci & Family Med SMPH
Director Community Academic
Partnership/ICTR
Associate Director Population Sciences, UW
Comprehensive Cancer Ctr
Linsey Steege Assistant Professor Nursing Nursing
Industrial & Systems Engineering
Engineering
Rebecca Research Assistant SMPH
Swearvingen
Amye Tevaarwerk Associate Professor Medicine - Hematology/ Engineering
Oncology
Dan Thoma Director; Professor Grainger Institute for Engineering
Engineering; Materials
Science & Engineering
Timothy Thompson | Quality Assurance Manager Epic Systems
Raj Veeramani Executive Director; Professor UW E-Business Institute & Engineering

UW E-Business Consortium;
Industrial & Systems
Engineering
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Affiliation
Name Title
Department School/College
Gary Wendt Professor Radiology SMPH
Nicole Werner Assistant Professor Industrial & Systems Engineering
Engineering
Doug Wiegmann Associate Professor Industrial & Systems Engineering
Engineering
Emily Wirkus Operations Manager Center for Quality & Engineering
Productivity Improvement
John Yin Professor Chemical & Biological Engineering
Engineering
WIHSE Roundtable: When Health Care Meets Engineering - Student Assistants
Affiliation
Name Student Status Department School/
College
Karly Christensen Graduate Student Public Health SMPH
Nadejda Doutcheva Graduate Student Industrial & Systems Engineering Engineering
Laura Farrell Graduate Student Industrial & Systems Engineering Engineering
Jack Heide Undergraduate Center for Quality & Productivity Engineering
Student Improvement
Bat-zion Hose Graduate Student Industrial & Systems Engineering Engineering
Rebecca Jin Undergraduate Industrial & Systems Engineering Engineering
Student
Amanda Kane Undergraduate Health Innovation Program SMPH
Student
Anna Krupp Graduate Student Nursing Nursing
Joseph Llaurado Undergraduate Center for Quality & Productivity Engineering
Student Improvement
Sujee Lee Graduate Student Industrial & Systems Engineering Engineering
John Oruongo Graduate Student Industrial & Systems Engineering Engineering
Suganya Sathiamoorthi | Undergraduate Health Innovation Program SMPH
Student
Yudi Wang Graduate Student Industrial & Systems Engineering Engineering
Abigail Wooldridge Graduate Student Industrial & Systems Engineering Engineering
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Appendix C - WIHSE Roundtable: When Health Care Meets Engineering
Slide Presentation

College of Engineering
UNIVERSITY OF WISCONSIN-MADISON
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Appendix C - WIHSE Roundtable: When Health Care Meets Engineering
Slide Presentation

WIHSE = Interdisciplinary Research

[WIHSE working group]
S School of Nursing

N
PR N

School of Pharmacy

r “ Ei Industrial &
Systems Engr.

Center for Quality
& Productivity
Improvement

aso....

»Electrical & Computer Engr.
»Mechanical Engr.

»MSEE

) »EPD
College OfEngmee”ng School of Medicine & Public Health

WIHSE — Relationship with Industry

Meetings with industry:
» Healthcare delivery organizations
» Healthcare technology companies

Consortium of industry partners
WIHSE pilot project program
Sponsored research projects
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Appendix C - WIHSE Roundtable: When Health Care Meets Engineering
Slide Presentation

WIHSE — Continued...

« UW2020 proposal
« COE RIC proposal

« APC/UAPC proposal for University
center/institute

* Responding to RFA/PAs

« WIHSE inaugural conference on March 15-17,
2017 at WID

MARK JOUR
CALENDAZ!

. |

Ilwﬂ College of Engineering
LA

UNIVERSITY OF WS CONSIN-MADLSON

Today’s Roundtable

« Survey of WIHSE-interested faculty
« 4 themes /s discussiontables

1. Monitoring and anticipating for safe care transitions forvulnerable
populations (e.g., children, elderlypatients)

2. Smartautomation and technologies for coordinating and communicating
diagnosis and treatment: Application to cancerand diabetes

3.  Smartand connected patient-centered care: Implications for clinical
decision support, telehealth and sensing technologies

4. Modeling, forecasting and responding to healthcare-associated
complications (e.g., infections, medication s afety)

* Questions:

1. In the context of the quadruple aim, what are clinical challenges related to
your theme?

2. Inwhatways can Engineerning respond to the challenges?

!
|College of Engineering

_" UNTVERSITY OF W CONSIN -WADISON
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Appendix C - WIHSE Roundtable: When Health Care Meets Engineering
Slide Presentation

!‘ - ’!_‘ Wisconsin Institute for
Healthcare Systems Engineering

X Y UNIVERSITY OF WISCORSIN-MATNSON

WIHSE Inaugural Conference

March 15 — 17, 2017
Wisconsin Institutes for Discovery

+ Keynote speakers Carolyn Clancy, MD (Veterans Health Administration) &
Patti Brennan, RN, PhD (National Libraryof Medicing)

+ National leaders in healthcare delivery industryand research will share
viewpoints on how to achieve the quadruple aim through
healthcare systems engineering research
+ UW-Madison researchers will talk about successful collaborations
between health care and engineering
+ Participants will actively participate in identifying research opportunities

Instifutional support and funding provided by the College of Engineering . ) . .
and Vice Chancellor for Research and Graduale Education (VCRGE) Visitour website ab wihse.engr.wisc.edu

UNIVERSITY OF WISCONSIN-MADISON

piRiE
',{Wl,' College of Engineering
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