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The Challenge

 Lack of reliable safety, access, affordability,
and outcomes - diminished value

» Worldwide, hundreds of thousands of patients die
from preventable harms

+ Significant healthcare costs are wasted

» Hospital-based clinicians spend significant time
documenting, hunting for supplies, and other
nonproductive work

* Healthcare costs constrain investments in
other social programs (e.g. education, etc.)

How Systems Engineering Can Reduce Cost & Improve Quality
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e, Symptoms of the problem
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Current-state — in-patient

Unreliable
Systems

.. Devices Don't Share Data

Consta! False Alfms B (Low Productivity)
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. SyStem Evolution
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Aviation

Healthcare B4

Legacy L\m
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. Recognition of the problem
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Moarcia, N Engineering approaches to resolve the challenges

NAE/IOM, 2005 .
/ « Rapid advances have outgrown the

capacity of any one individual or even a

group of individuals to comprehensively
= i absorb and apply new knowledge to the
Hou benefit of patient care

:ovy Systgem<s: o Fi
ngineering Can Help Fix . ..
Health Care « Cottage-industry origins counter to today
_ where healthcare is a complex partially
- 2 interconnected myriad of services that

e e v, an Conens truee

WE;?Ergspi:arllscan relies heavily on technology, influenced by
v tals e .
i) gu';}ng' Equipment markets, and is implemented in any one of a

number of different provisioning models

Sy P Pramerenn

RAE, 2017 subject to statutory laws, policies, licensing,
I and regulation
PCAST, 2014 * Persistent underinvestment by the

healthcare delivery sector in
information/communication technology

Systems must be designed from the start to ensure seamless integration between culture, workflows, and technology

L
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e, System of Systems
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Transportation Healthcare

Ground Transportation System

Macro-tier:

Other Transportation Modes

Health system data/
information exchange

Intea-faciity
=0 data/afcrmation
ocharge

Representative, not
exhaustive, compilation
of subsystems

“Procuring Interoperability — Achieving high-quality, connected, and person-centered

care”, National Academy of Medicine, October 2018 D
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.ne.  Systems Approach
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Svstems

Thinking

Measure,
dassess

value
Understand

the
problem

space
R
///—\

Understand
the solution
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-  Healthcare System Costs Causal Effects

Engineering in Healthcare

Conference
1-2, 2019 . . . H
Mionoapeie, MN Systems Thinking Perspective (Notional)
« Shift to electronic transactions * Improve care coordination
* Implement common terms, approaches * Better manage chronic diseases
for insurance billing * Provide palliative and hospice care
* Standardize claims forms and review
processes Prevent Medical Errors
- * Full reporting of medical
s - pe— errors
Admission _\ &a::uty \ * Provide tools to hospital
Rate . tion
Waitng g._ / K P leaders
s mmT )N TN e
Improve Hospital Efficiency ) Capacity
+ Find and eliminate sources of waste + - > pm" /
+ Promote cooperation among \Wm\g X « - com
units/departments R4 List - cz:" ity ' )
» { Capacit Improve targeting of costly services
/ + \ + Decrease Costs of Episodes of Care
Reedmissions NS New Ru,m Duration of -« - * Increase Shared Decision Making
k Referrals < . 7 Treatment
+
+
Improve Hospital Efficiency \\ Medical )
* Find and eliminate sources of waste R:u:m: "W: - - Opinion
* Promote cooperation among
units/departments Prevent Avoidable Hospital Readmissions
* Provide community and support services to patients leaving
hospital
* Create a culture of continuous improvement
o ) ) * Provide economic incentives to providers, hospitals
Source: http://www.emeraldinsight.com/content_images/fig/0240221103003.png

L
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e Systems Approach

Miei 4 n Amen

Systems Approach
e

Systems Systems Engineering
Thinking System Development Lifecycle
Lessons learned
Operations
Feasibility Study/
1 Culture A Concept Exploration ™ C & Maintenance Measure,
assess
% — - 7 f Conceptof % SystemValidation, = Vam )
£ [ < % Understand ... Operations /)‘sm,n Verification/, \
§ “ % the ( :coeptance ,.. System &
\ g problem ey Requirements / v:ml \ Deployment\
. F space
= < : Hightlevel % ‘Acceptance’ /™ Subsystem
Workflow / Technology

“(

Design \ Verification
Understand Detalled 4!..& Test Plan
r the solution

Unit Testin,
Design - 8
L space
. Implementation
Environment

Trans-disciplinary stakeholder involvement throughout
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- Culture, Lexicon, Transdisciplinary Teams
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» Challenges

» Diverse educational background

Systems Patients Clinicians + Different value propositions
Eng' * Varying terminology
Human ; + Engi i
gineers who think they understand
Factors Informatics hoSlthaare
Eng. * Clinicians who think they knew systems
Computer engineering
. « Approaches
Anthropology Integrated Science ,
Team » Shadow healthcare professionals
Ethics Palliati * Be less rigid in language used
alliative
a + Identify individuals who can “bridge the divide”
Pastoral Care between healthcare and engineering
Care « Stay focused on addressing project
Physical Business/ objective(s)
_ A : * Engineers know they have done their job
Therapy Law Psyehebgy Economics when healthcare professionals actively speak
as if the solution is theirs
How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Twin Cit‘li'tles;"Minnesot'a/ #hwgsec
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.. SUCCESS, but not scalable
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ICU CLABSI Rates per 1000 catheter

days in US

7

6
Wash your hands 5
Use Chlorhexidine for skin prep 4

3
Full barrier precautions 2
Avoid femoral site placement 1

o .
Remove Unnecessary lines ICU CLABSI lCU CLABSI

1999 2015

CLABSI Checklist: highly successful but not scalable to multiple harms
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Challenge: data and workload overload

Acquired Physical impairm VAP
CAM ICU assessments =
- Eerly smixiston Head of Bed Elevation (HOB) ( 30 degrees).
Automated screening Adjunctive physical therap
Modifiable factors ; ening and Breathing Trials (SAT
Non-pharmacologic allure to provide care co e & SBT)
interventions patient goa Oral Care
Sedation management Family meetings Fe with Chiorhexidine
Pain Scores Advanced directives hic Suctioning ETTs
Family education Allteams meetings
Ethics engagement . .
T Paliialive Care pedation vacation (SAT)
neous breathing trials (SBT)
Initial VTE risk stratification for all ICU patients
Computerized clinical decision support (CDS) tool to aid ordering of Automated ventilator management
best-practice VTE prophylaxis Lon " "
Loss of Respect and Dignity L
Interpersonal communication pt addition of Hand wasfhrrrg
- Scheduling ] Lo
|| el ts Full Barrier Precautions
] Avoid femoral site
- Goals alignment :
Remove Unnecessary line
( Access lo care team ssion stockings
Inclusion Use of checklist
Continuity Availability of cart

How Systems Engineering Can Reduce Cost & Improve Quality

Current Approach to Manage the Challenge
Current approach: culture, workflows, health IT

‘ -
Culture C

Y
G Health IT
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wwe  1he Emerge Vision
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hroas e, Project Emerge (Sponsor: Gordon and Betty Moore Foundation)

Partner with patients, their loved ones and others to eliminate preventable harm,
optimize patient outcomes and experience, and reduce waste in health care
delivery.

Develop a solution that eliminates (7) harms using a systems approach:

1. Loss of respect and dignity e o
2. Failure to provide care consistent with patient goals i B
3. Delirium M 7 _ —_— = E
4. Acquired physical impairment { \ / E E\ ;m"“i :f: /
5. Ventilator-associated infections and harms »m 'w-v‘ E\\r . ?;';:/;
6. VTE e """
7. CLABSI o
e J
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e Original Conceptual Discussions

Engineering in Healthcare
Conference

Minnospele, M Concept of Operations (CONOPS)

= Start with the end in mind — independent of a specific

= Understand the as-is current state implementation:

0 What works well with our capabilities today? 0 Why: do we lack what the system will ultimately

0 What gaps exist in our capabilities today? provide?

O Who is affected by these gaps that exist 0 Who: are the stakeholders involved with the system?
today? O What: are the known elements and high-level

0 How may we retain the capabilities that work capabilities of the system?
well while addressing the gaps that exist? 0 What: are physical, technical, policy, financial, etc.

constraints bound the system?
CONOPS O When: is the system needed?

0 How: will we design, build, and test the system?
o Forces problem definition and project objectives

j ) ¢ o Clear vision of the current and future states
o Team’s “north star”

L
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How the customer explained it

How the Project Leader
understood it

How the Analyst designed it

How the Programmer wrote it

How the Business Consultant
described it

How the project was
decumented

What operatiens installed

How the customer was billed

How it was supported

What the customer really
needed

How Systems Engineering Can Reduce Cost & Improve Quality
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e Engineering Discipline Applied to Care Delivery

CONOPS: understating the as-is state & envisioning the future state
independent of a specific solution

FOf EGCh Harm: Delirium iDVT/PEi VAIHi API ICLABSI\ﬂ Loss of Respect/Dignity W Failure to Provide Care Consistent w. Goals w

How you How do we ensure HO\{V .dO youwantto |~ ionce
v Who What When Where do it today you are competentto | do it in the new Criteﬁa Data
SPBley- perform this? system?
Across each stage
of the CONOPS model:

1-2 May, 2019
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.mwe. Emerge Operational View
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« Structured and methodical means for et
capturing knowledge to be shared  REEHEIIEGY

among the team Tablet—
 Research prototype \

» Data sources:
* Electronic medical record /
« Patient, family » .
e Clinical team

* If required data isn’t readily available,

implement solution that doesn’t
require additional work

Using technology to decrease the distance between
providers and patients, and improve the quality of care.

7/ &

How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Tv(vin.C—in\éfs‘{’I‘flinnesot?/

#hwgsec



I@E

" Chinical View

Engineering in Healthcare
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| Detailed Patient Specific View
Aggregated Unit View

careToan romn = B -

dEeR

t °B l J W«

Unit views Harms monitor Condition specific displays
» Visual signals & data help care teams assess & respond to care needs
» Links to the patient/family tablet spark point-of-care dialogs
« Part of a suite of tools, including sensor integration
How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Twin Cits,‘i?s.‘,';"r,flinneSOt'a./'
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Condition Specific Display

'AE
2 Notifications not yet accepted.
SBT: Not Performed

2015-02-02 15:02:40

( Notify Care Team

NN

( + Add Comment

How Systems Engineering Can Reduce Cost & Improve Quality

00:00
23:00
/\
ORAL CARE STATUS
Status: Ordered
Start Time: 02Feb2015 05:04
Finish Time: -
Duration: 12:14

Last Updated: 02Feb2015 15:02

02Feb2015
15:02

- DSI
- TV: 500 ml

Mode: SIMV

00:90
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o  Patient/Family View
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PATIENT & FAMILY PORTAL el et 7 PATIENT & FAMILY PORTAL MyNows | MyMewagw | = fosrcr
= Personalization options
= Education tools <> Mondoyhy3
= Scheduling tools Qe e
]

Family Involvement Menu

How Systems Engineering Can Reduce Cost & Improve Quality 1-2 May, 2019 Twin Ci 'W.(Minnesofa/
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me. Sensor Integration
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5 d Types
= O Ambulation sensor
mo O Cyclometer

O Hand grip dynamometer

‘5}'—\3@}":’ O Angle of the head-of-the-bed sensor
' Q

N O Constraints
e Q Limited/no additional data entry
5222:':;';;1 d Challenges
to wheel [ Patient condition

O Proprietary data

Image Source: https://ubisafe.org/explore/infusory-clipart-patient/
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* Numerous approaches — never one size
fits all and often more than one approach
needed

» Systems Thinking tools (Design Thinking,
Soft Systems Methodology, etc.) and
Systems Engineering tools (e.g. QFD, N-
squared, etc.)

« Judge how much non-engineers need to
know about technical aspects of systems
engineering — make the effort
“approachable”

* Remaining agnostic to specific solution
can be a challenge for many non-systems
engineers

Context Diagram Test & Evaluation

Tools keep focus on holistic, rather than reductionist perspectives

&
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. AHRQ P30 - Patient Safety Learning Lab
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Developing Concept of Operations
(CONOPS) for the Harm Free ICU

Demonstrating Potential for Clinical
Improvement Through Device

Interoperability

CONOPS &
‘..‘..“..‘ ik’

* Scalable, modular, and generalizable model

* Design to eliminate harms, build to be usable

* Founded on sound engineering model yet based in
language all disciplines can understand

How Systems Engineering Can Reduce Cost & Improve Quality

N

Staffi
>/
+ Maslach
Wosee pt
Wol -

SAQ ‘.
{ ' / \
\_ Eficency / Workforce [ Safety
i (‘ \ Cultwre / *
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Measuring System Stress To Reduce Harm and
Improve Performance in an ICU

Staffing numbers -

S ratios P Safety N

s A
G &=,

Emerge data l‘/hevenhb‘
- ' Harms -
$ : 5
Mhetenoe to ‘ =
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== Some Lessons Learned
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» Front-line provider & patient/family
involvement early and throughout

» Language/communication

* Respective value propositions

» Scope control

« IT integration challenges

 Training roll out

+ Transition from lab to operational setting

» Open interfaces to promote further innovation

* Timeline to achieve outcomes

How Systems Engineering Can Reduce Cost & Improve Quality

Situational Awareness Tools
Visualization
Communication
Outcomes Analysis

Integrated Database
Business Logic
Data integration

Disparate Data Source Interfaces
Sensor Suite
Patient/Family Tools
Clinical Tools
Electronic Health Record
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» Healthcare approach to innovation stems from medicine’s hypothesis-driven approach to discovery
+ Serves the field well for understanding first-principles associated determinants of health and illness

» Does not translate well into the conception, design, development, and fielding of processes, workflow, or
technology development that leverage understanding of those health determinants

» Time for a different approach that can spur the transformation in health needed to yield improved safety,
affordability, access, and value

+ Critical to define (a) the problem to be solved or opportunity to capitalize upon and (b) the
stakeholders involved
* Human nature tends to leap toward solutions without fully understanding the objective

* Technology is not a panacea
« Systems Engineers must be disciplined: do not prioritize technology over people

Create a new generation of engineers and healthcare professionals that understand enough of the culture, terminology,

and disciplines of both systems engineering and healthcare to lead the way in bringing about revolutionary change

L
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Thank you for attending!
Share your experiences at #HWGSEC
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