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Motivation

Significant interest in quality & | National Calls in Healthcare | | Widely Used Elsewhere
Systems engineerin s methods IOM, NAE, AHRQ, NSF, NIH, PCAST, HBR, RAE, etc

(I0M, NAE, AHRQ, NSF,

— . Common recommended needs:
Time for science 1Cdie | BRIE BOUTN S |

to embrace scienc Broad scale application
engineering... A Demonstrated impact
‘Greater use of... Workforce development | (Beireaacs

//“/
widely used in ma Clinician-engineer partnerships
and aviation... sm
health care organizations... no

widespread in U.S. health care’ s:z
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“By what method” (Deming)

Item Process/leading measure(s) Outcome/lagging measure(s)
D1: Impacts of e Number hea.Ith systems engaged ° Number successful projects achieving goals,
. . e Number projects conducted, and by aim
projects (on triple . . .
im) balance across each aim e Total measured impact of projects across
aim e Survey of partners re: impact each aim
e New courses in health systems e Number trained BS and MS students
D2: Increase engineering x number times offered graduated
workforce e Number faculty involved in this e Number training faculty now teaching
project as advisors or trainees elsewhere
e Publications and presentations e Requests for students, coops, interns,
D3: Increase , . .
. pers e Case studies developed senior projects
demand, visibility, o ..
e Publications e Requests to join center

perceived value e Media mentions

D4: Scalable, e Project tool kits e Replicated, spreafj projects
e Center launch and mgmt tools e Tests of remote sites
spreadable, . . . . .
e Processes for syncing and sharing e Ability to coordinate work across locations

standardized
WOFk across centers

e Number potential business models e Number retained and new academics and
D5: Sustainable identified, vetted health systems
e New positions created e Continued ROl on 3 aims
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National large-scale initiatives (5)

., INSF Research Center

CI—IOf @ UT 3-year

=TS8 demonstration

'\% project

ENGINEERING
IN HEALTHCARE

1. NSF collaborative research center
e ~40 health systems, ~7 universities

2. VA VERC engineering centers

e 4 national SE centers serving VA**

VA Centers

3. CMS/CMMI regional extension center
 National healthcare IE demonstration

@ AHRQ

g mne Patient Safety
4. Texas/UT systems engineering initiative © 20 %7 Leaming Labs
* State-wide initiative @ rtmememn T || [ —
. . | e || ||
5. AHRQ patient safety learning labs — LT ==y ==
« ~22 ‘clinician-engineer’ awards -

Healthcare Systems Engineering Institute www.HSYE.org Northeastern University © 2012



Representative projects

Applied / Basic Methods More Technical Advanced / Research

* Work process observation  ED and observation unit * Primary care continuity
« CLABSI, pressure ulcer, HAI, design and simulation resident scheduling
etc reduction e Readmissions reduction, * Adaptive appointment
+ Inventory improvement. predictive modeling access control theory
RME standardized processes ¢ Care network capacity * Non-disruptive and robust
optimization optimization

e Supply chain and purchasing
optimization * PTSD predictive modeling * Abx stewardship behavioral
economics modeling

* PA staffing model * Bed availability and patient
* Same day waits and delays flow prediction ’ Complgx surgery co-team
 Cognitive load analysis scheduling

e Unnecessary referrals.
Referral reliability * Outside utilization (leakage) * Advanced safety methods

Healthcare Systems Engineering Institute www.HSYE.org Northeastern University © 2012



(1) Veterans Engineering Research Resource Centers

Single largest & longest
Investment

IE methods broadly
Significant impact
Primarily applied
projects (vs. research)
Variable leadership, focus
Realized and unrealized potential

Collaboration and logistics difficulties
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(2) Collaborative research center (NSF)

One or more university
h < Test common Systems
research groups beds problems ystem: Safety, quality
l /I\ englneerlng Ang:‘?son Partners
105 =ik Cancer § Healthcare |
Paf‘-“ers‘“p - . I Beth Israel Center 4 ’
Multiple companies rvebrad) England |

Center

(healthcare systems)

Research Children’s Northeastern CHRISTUS

‘-;.‘:: ‘\'.%1,}\\ n \§’" <, )'( . 9 i i
G Cenler ¥ Lo Healthcare University
resu |t5 Q i, -"7""‘ of Atlanta " Health y
. . @Texas Health
W g @ *G g-aT uma( mrmssln ( ’ PPPPPP
et StuderGroupY

#Grady o
SIEMENS T IGHMARK."
Response e Lone Star
proposals Project selection Conicsinat | _d e
Georgia
Institute of Texas A&M
Technology
. . Grady
Member steering committee HIT e \
?\;&2:? Cthe;;(raesn’s |
* Pooled resources on common projects, =y M A &

School of Health
Medicine Resources J§

members as test beds, co-pursue funds

Treatment

e QOscillating synergy & bureaucracy optimization 3

Healthcare Systems Engineering Institute www.HSYE.org Northeastern University © 2012



Example projects

Network Design Primary Care Continuity - Resident Team Scheduling
Minimize N (4712 -3,5,C, Y, I,
+ (5, €y Yyl (dy* Mo+ Ns)) * Primary care resident complex schedule problem. Minimize visits not
Subject to: 2 X; = £ . o
S ¥, = 1 forall ; with familiar PCP team
Y;-X; =0 forall i}
Xeo=1, Fragmented schedule Patient-centered schedule
N>=0 forall ; jif d; = 30, - ERI
X, e{0,1} forallj€ O,
Yy;e€{0,1} forallj /. R F R R R
wl F IR F|F|F
‘ Savings B L L = i
R|R|R|R|R
5-15% cost | S RN N R
R|F|R|F|R
10 - 35% access 1 ol B e e R
15% in-house care 1 Sl el = el e
Appointment Cooperative Competition
Access
: ---- Uncontrolled Controlled .. . .
* Long waits common problem o R  Competition driven by economics
e = 2 days e C ti d by social welf
. . istd =9.3 : | std = 2. : * ooperation encourage SOClal welrare
* Engineering control methods ostesaazs |7 Lcost$1556 | P ged by
= Quee Days until appointment Game Theqry in the Operating
e s as Room Environment
Setpoint action 40 | ALAN P. MARCO, M.D., MM.M o
From the Department of Anesthesiology, Medical College Hospital, Toledo, Ohio Uhhty - Beneﬁht' - Cost
Control . e
Termastat ¥ ~ deviation, Heater |——>| Room Controlled variable PAJ{TNEI{S Uy = bik(P(aE)ZxU —
- ‘ a j=t
2 The Nash Equilibrium Breaks = byE[¢(a)) Ty x;j] — cElxgg) "
T Down = by [Plag)Qlagdplag) + (1 — Plag))Q(ad¢(ay;)] — cuPlaz)Q(as)
Sensor Qe
Desred Wa s Thomas H. Lee, MD, MSc. = by, | Plag)Qlag)plag) + (1 — P(a(;‘))Zp(t)Q(t)(p(t)l —cixPlag)Q(ay)
System Network President, Partners HealthCare System =
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(3) UT systems engineering initiative

e Statewide initiative across UT campuses
(Chancellor Ken Shine)

THE UNIVERSITY OF TEXAS

SYSTEMS

ENGINEERING
IN HEALTHCARE

* Grant-based. Dual clinician-engineer PI
required

* Experienced project leads, technical support,
national expert oversight committee

U.T. System Network & THEnet
Circuits

* Strong measurement, project management,
reporting requirements, selection criteria

* Projects varied by problem and method

* Poorly disseminated, 100% projects met aims,
on time

Brownsville
em Hosting Sites
i ity
ical College (TSTC) Waco Hub Site

16. Texas A&M Universt

17. Texas State Technical Collegs
GGGGGGGG 5 Christi A
thyille Cert
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Results

Examples of Methods Used

Components of Systems Engineering

» Frontline Improvement Methods * Human Factors

= Six Sigma = Error Proofing

= Lean = Safety

= Standardization » Ergonomics
* Quality Engineering Methods * Logistics

= Statistical Quality Control
= Reliability
= Engineering Economics

= Facility Design Layout

» Supply Chain / Inventory
Management

+ Data Mining and Analytics
* Clinical Informatics
= Clinical Decision Making
* Reporting

* Process Optimization Methods
= Operations Research
= Scheduling
= Simulation
= Staffing Models

$13 million savings annually
(100% projects met their aims)

Setting

Impact /Methods

ICU

19% reduction in admission delays

Radiation oncology

36% reduction in waits, S700K annual savings

Diagnostic imaging

69% reduction in waits, S$579K annual savings

Pharmacy mgmt.

S1m annual savings

COPD

13.4% decrease in readmissions

Elective surgery

23% lower LOS, 50% lower readmits, S360K

Labs

4x increase in lab TAT < 2 weeks

ED

Boarding 75% lower, LWBA 72% lower

Primary care

7% access increase, 8% wait reduction

Surgery

34%-69% reduction in first case delays

Device-related HAls

81.5% HAI decrease, $110K annual savings

11



(5) AHRQ patient safety learning labs AHRQ

3 (4) rounds, 21 (26) awards, S60-80m Types of Applications

* Very successful incentivizing partnerships Inpatient | Cognition and
safety HIT |[communication

* Patient safety focus (vs broader problems) Diverse Failure to

* Mostly HFE (vs SE broadly) populations rescue

Maternal and

neonatology Imaging

* Loosely evaluated at best

* SE often secondary (research-as-usual with Primary care

small SE consults, small SE budget) CUharm 1 transitions
* Clinician or HSR led/prime (1 exception) Radiology | USer-centered
design of ORs
Monday 12:25: PSLL panel (auditorium) Aging brain Built

environments

Monday 1:45: Three case studies (session C2)

Healthcare Systems Engineering Institute www.coe.neu.edu/healthcare Northeastern University © 2012



Example: Acute care patient-centered PSLL

Patient Safety Dashboard

BWH Patient Safety Learning Lab (PSLL)

Focused on patient safety, the development and enhancement of tools,
health system interventions, and their translation into practice

Fall TIPS is now electronic!
A new Epic printed poster and

Patient Portal
For educating patientsand families

Promoting
Patient-
Centered
Care

MySafeCare: Anonymous patient

Patient Safety Dashboardis now live!
reporting of safety concerns & compliments

Real time visual of Epic documentation

The Patient SatisfActive Model
A communication tool for patient-centered care

Systems Engineering, Usability,

R and Integration Core

ARHQ
Lifecycle

Year

Year

Year

Year

Methods Application

Individual tool focus
Usability & interface design
Human factors

\ 2

System of systems focus
Pilot data, failure analysis
SoS simulation model

\ 2

Macro ergonomic, SEIPS view
Workflow, contextual, failure,
cognitive burden analysis

\ 2

Prospective view
Automated reporting, control
charts, risky states detection

Healthcare Systems Engineering Institute

www.HSYE.org

Northeastern University © 2012



Center for Medicare & Medicaid

(INNOVATION

(4) CMS/CMII HSYE demonstration project (RECs)

 CMS/CMMI S8m innovation HCIA award: “Scalable Healthcare Systems
Engineering Regional Extension Centers”

* Agricultural/manufacturing extension center model

* H,: Demonstrate ISyE REC can measurably impact ‘triple aim’ in manner that can
scale nationally, create demand and workforce

i Resource a0 , _. ¥ T s > Retool US |
,_ Extensmns v | ‘ B~ Y mfg capacity

A/
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Science and workforce components

Sub-Aims

e Study ISyE utility in health care (by
system types, problems, methods)

e Solution repeatability (by type)
* Biggest impact for next time.

* How best scale SE in health care
* Barriers and effective strategies

Experiential Learning

Undergraduate Co-op Program

® Assist with 2+ projects in health systems
* Sophomores through seniors eligible

* 6 month duration

Formal Education
e Undergraduate healthcare IE minor
e Graduate health systems engineering
MS and PhD concentrations within IE
® Engineering leadership program in
Graduate Research Internships health systems engineering MS & PhD
e Work 3-6 months in healthcare system
e Combined applied project(s) and in-system
work on thesis research or topic discovery
e Continued work in following semester

® Short courses and webinar series
(practitioner focused)

In development

e Professional MS, healthcare
Summer Fellows Program improvemen 1t science
* Experience on applied and research problems \HSVE MS engineering degree )
ino
@
260 42 P
N

in our centers and health system partners

* Supervised by academic & healthcare mentors
e 8-12 week duration, undergraduate and
graduate students eligible

In Development
» Online tutorials (“HSyE for dummies”’ )
o Summer faculty mini-sabatticals E - A

Healthcare Systems Engineering ILnstitute

Workforce Development

For engineers

* Model curricula, minor, prof MS
* Experiential education (coop,

internship, postdoc programs)

For healthcare

“This was the best learning event I’'ve attended in 10
years on new but practical ways to improve broken
healthcare processes.”

“I never imagined one summer could so powerfully
influence and prepare me for what I’m now certain |
want my career focus to be.”

“The impact HSyE’s postdoctoral training program
and coursework had on my early career and ability to
lead effective healthcare engineering work as an
applied scientist is extraordinary.”

www.HSYE.org

Seminar Series

Healthcare Systems Engineering Institute

Faculty

* Seminars, workshops, symposia

Recruiting & Post REU Year

Application

Cohort
Research
Experience

Time

> A

Winter-Spring Summer

Northeastern University ©

Fall-Spring



Operational processes

CMS Project Lifecycle

Disciplined project management

N : Third next available appt
e *> >> (gates, measures, milestones, etc) O TR
:_Mff‘_'_ ~ N -

ﬁ o
Holidoy Weeia=

] 1. Project lifecycle mgmt (A St Engnseing Frjet Fropersl & Scping Form repir st Q. Implementat|on & (o7

Protec: Nape CHF &wcharpe Sollow-up appotasment scheduling (Labey Medical Cenner)

SYE Solution Coverage P1 Process measure Access-

2 o o= 5 K

ﬂ K] ] = = 5] j P2 Process measure
. ) Cq
i nterim Nordesstern Usversiry Team
Docs P::J:a“ Scoping | CP::J:HC: L:"_jec' UpTd:s‘ted I;‘::it P Cese \l:x Jazses Bezoeyan (Lead) bezoevaniioeuedu Luke Romeo Lx y L I m pa Ct m ea s u re m e nt
Fomn || aamea | [aciomnems| | P ol I B Suzy Goldstes (CoLasd) s roldweniomedy Breodso Bemager b bettogerSnes ady }
—— B |t
T s N
C PR - = mmwmwmwwwwwcwmmxw : o
........ Bi-weekly progress reports Bi-weekly progress reports that increates patient health and reduces delayed case. adverse events, - W"‘
- - W
L month L month Luesk 36 months Pro b | em an d i i :
Time | - i . fated fyffff’“fff“""yf°éff‘éaf s‘f‘fyéfﬂfﬁwf,g@jfgff
(ke times) Aim statement [ |
by reductce
- of follow-
ups with 2 patiext’s owa P( 7)
Meapser We will soeasure e vuccess of the Project wuing e tiple ain Sassework
Project Evaluation Matrix _ Am Process Measare | Ostcome Meazare
: £ H Cast - . T Wh P D. .t.
Date: 1/1/1 § 3 ype en urpose ISposition
el B : 1 Measures, baselines
3|3 i1 5 = Y SDR Scoping, appropriate project, potential,
Instructions: Score each category on ascale of 1-5 (1= low, 5= high) g g g 2 § & $ M1 .
(only filln the non-shaded cells) g :g § :;, ;f ;5 é g Health -mz?bcm?um‘ -t:m:;?wdcw (SCOpe) measures, approvefor productlon
i Proposal [ university E‘ 5 g g g g g g E Two possibiises: (1) PDf °
i : I - ereimi 3+ Project management and

2. Project vetting and 4 O L : :
J g : e e — o formal design reviews

* Action items, tech review
* Continue, redirect, cancel

3 |Optimal p| 3

_ :ol.m:mhorm(nm muam«aoaa‘)
L e SeIeCtlon process 3 Posscal Exgare et S oot ty and distll guidelines for (criticary TSSUES, aCUOTTITETS and tasks,

\'E::frc:::unsun non-preventable readmission | C0neees ol |2 ! ! 3 2 2 ! N 2 5 E— —

. . FDR Review of action items, technical
6 |CHOT-wide collaboration project all 4schools 5 5 5 5 5 5 5 Y 35 1 M 6 ’
; i ApproaCh Calendar (final) details, needs, resource allocation
- L Appeoval = Integraed project © Capetose = Semmmer IDR Review of implementation, testing,
; B — , VE \

’ (implement) and evaluation plan/progress

10 0 7
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- )
Measurement Program Level Measures

Workforce | Visibility . Cost Health Spread, Scale,
. Unlfled measure set Qlevelopmt & demand are o3 ed repeatablty sustainably
* Aggregation f
I ( [ [ [ \
Mapping process Individual Projects
® Program |eve| (aimS) Project 1 Project 2 Project 3 Project 4 Project X
measure CategOries Progess £ 4 Process Process | Process ©ee 4. Process
Outqome Outcome Outcome , Outcome " Outcome
\ r> (‘ = v 7< /

* Big spreadsheet

e |dentified in project

approval process Common Unified Measure Set {“pick list”)

Lot of work (Domains: Cost, access, health, wellness, flow, safety, etc)

Healthcare Systems Engineering Institute www.HSYE.org Northeastern University © 2012



Project measures - example

H © (SR A Copy of NEU_Q5_HCIA_measurement_plan_10-31-2013 - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ADD-INS

Measure Name Description Technical Calculation Description

Specific Name of the Provide a text description of the lllustrate the calculations necessary to obtain the
Measure measure measure value

Number of patients who had at least one
Percent of CHA adult patients colonoscopy within CHA in past 14 months
eligible for this screening who have|based on CPT codes (numerator), divided by
received it in a 'timely manner' the number of adult patients aged 40-69
(where "CHA patients"”, "eliglble"”, |(eligible ages) on "refresh date" who has
and "timely" are defined in had at least 1 PCP visit within CHA in the
column F) past 24 months (denominator), where
"refresh date" is the date the report is run.

Prevention

compliance rate
(colorectal)
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Results (high level, many detailed slides)

Participants / Outreach

o Health systems ,
8
o
o 0 (1) o& o:n
P P
=1 )
. (1]
o
Summer intern applicants
. @ o
. ~ () 00 00@%6 >
4 © 090 0002 g gpp
] @ ] (]o
- g g
: © © = oo"g ©
) e © ] ©
0000 8 e
08

Impact
87 projects ) .
39 health systems e
8 states o T
) ¢10.000,00 h 6.5 e .{‘:‘
$25.6m savings o ™
(S85m 5-year)
147 harms avoided FEPPEEF PRSP ES 7
(non-trivial) -
25% improved ¢ Student placement
(-]
access o T 30
(]
. (2]
~32,000 patients °
P o
~825 students and °

~1,450 clinicians
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Operations measures

C DEF GHI JEKLMHNDOGFP®EREST UV W R Y 2 A%ABACAD AE AF AG AH Al AJ AK AL AM AN A0 AP AR AR AS AT AU AV AW AR AY A2 BA BE BEC BD BE BF BG EH El EJ EK EL EMEN EO EF EQ ER ES ET BU EY BW EX BY B2 CA CB CC CD CE CF CG CH CILT
4 -
5
6 Conducting Projects Workforce Development
7 | !
P 35 70
]
10
1 30 - 60
12
13
“ 25 50
15
16
:: 20 = Cumulative 40 ~—HSYE Employees
14 ~—— Ongoing Courses
:: 15 - ~d— Inactive 30 - ~—@— Co-ops and Interns
2z s Completed s Staff
23
24 10 - —&— Project Location Expansion 20 - —&—Grad Students
25
26
27 1 !
2t 5 10
29 =
30 % =
Bl o - * * 0 -
32 1 2 3 a4 S 6 1 2 3 a 5 6
33 Quarter Quarter
34
35
2 Healthcare Employee Engagement Healthcare Systems Engagement
= 600 14
39
40
41
4z 500 12 -
43
44
45 10
46 400
47 —o— Systems Engaged
4% 8
49 -
50 300 —a—Number of Attendees —&— Systems Conducting
el —e—Healthcare Employees Engaged 6 -
52 ~—#— Inactive Systems LY
53 —m—Events
54 200 -
55 4 ——— Non-Boston Systems
56 Proposing Projects
57
58 100 2
59
&0
61
6z o T T 0 - T & T & T &
63 1 2 3 4 S 6 1 2 3 4 5 6
64 Quarter Quarter
&5
[
o7 | ) " - - - >
4 < » ¥ | Project Dashboard Cover . Project Impact Driver .~ Workforce Driver .~ Visibility Driver .~ Spread Driver .~ Sustainable driver [I] 4 | i | » [1]
Ready | |[E@m@m s 00— '
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Summary

1. Systems engineering can effectively help
improve healthcare
* |f applied well, significant impact
 Also can be ineffective (if not) Research >

Education

2. Many approaches, none perfect

* REC model, grant based, system driven, grass
roots, federally run, others

3. Common challenges

* Collaborative partnerships
e Oversight (technical & project management) N
 Knowing what to do, not just how to do it

@® TXHCIE program
Satellite hubs
*  IE academic depts
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thanks

TO ENGINEER
g n U MaN

HENRY PETROSKI

Healthcare Systems Engineering Institute
Northeastern University, Boston MA
j.benneyan@northeastern.edu

Healthcare Systems Engineering Institute www.HSYE.org Northeastern University © 2012



