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Outline 

1. Systems engineering as an improvement 
strategy 

2. Range of examples 

• Simple to advanced 

• Micro to macro 

3. Applications in your processes? 

4. Getting involved 
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Healthcare Systems Engineering Institute 
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Partnerships Project Types Criteria Primary Mechanism 

NSF Research Center 

CMS Application Center 

• Capstone, Co-ops 
• Summer Interns 

Research 

Discover 

Applied  

Impact  

Experiential  

Education  

1 - 2 
years 

3 - 9 
months 

“Developing 
what we 

don’t know” 

“Doing what 
we know” 

2 - 6 
months 

“Teaching 
others by 

doing” 

Mission:  Broad measureable impact on healthcare, nationally, through 
research, education, and application of industrial and systems engineering 

http://www.bing.com/images/search?q=%e2%80%a2	Morehouse+School+of+Medicine&FORM=HDRSC2#view=detail&id=162797A1D42D61220663F2CD3853816A8876C53B&selectedIndex=0
http://www.bing.com/images/search?q=%E2%80%A2	St.+Luke's+Episcopal+Health+System&qs=n&form=QBIR&pq=%E2%80%A2+st.+luke's+episcopal+health+system&sc=4-36&sp=-1&sk=#view=detail&id=7FEC777A355929774A9716064612985CC04F7CEA&selectedIndex=1
http://www.bing.com/images/search?q=siemens+healthcare&qs=AS&sk=IM2AS1&FORM=QBIR&pq=%E2%80%A2 siemens he&sc=8-12&sp=4&qs=AS&sk=IM2AS1#view=detail&id=A81F09383822255B1E8C72E488C859DCF33459A7&selectedIndex=1
http://www.bing.com/images/search?q=%e2%80%a2	Texas+Children's+Hospital&FORM=HDRSC2#view=detail&id=D851D5BB7EFFF3ACD27EC4801D81C706B7E59A02&selectedIndex=4
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Agricultural extension center model 
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Center model 
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Participating health systems to-date 
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Boston Area 

Boston/New England Seattle Charlotte 

Massachusetts General Hospital Cambridge Health Alliance Virginia Mason Medical Center Carolinas Health System 

Lahey Health System Boston Medical Center Providence Health System Novant Health 

Harvard Vanguard Medical 

Associates 

Tufts Medical Center Seattle Cancer Care Alliance 

  

Hospice & Palliative Care 

Charlotte Region 

Logix Health Atrius Seattle Children’s Hospital   

Hallmark Health System Dana Farber Cancer Institute Swedish Health   

Commonwealth Care Alliance Brigham & Women’s Hospital Harborview Medical Center   

Boston Children’s Hospital  Mass General Hospital     

Baystate Medical Center Maine Medical Center San Francisco Denver 

Southcoast (NEQCA) Lynn Hospital Kaiser Permanente Colorado Childrens  

Boston/New England Seattle Charlotte 

Massachusetts General 

Hospital 

Cambridge Health Alliance Virginia Mason Medical 

Center 

Carolinas Health System 

Lahey Health System Boston Medical Center Providence Health System Novant Health 

Harvard Vanguard Medical 

Associates 

Tufts Medical Center Seattle Cancer Care Alliance 

  

Hospice & Palliative Care 

Charlotte Region 

Logix Health Atrius Seattle Children’s Hospital   

Hallmark Health System Dana Farber Cancer Institute Swedish Health   

Commonwealth Care Alliance Brigham & Women’s 

Hospital 

Harborview Medical Center   

Boston Children’s Hospital  Mass General Hospital San Francisco Denver 

Baystate Medical Center Maine Medical Center Sutter Colorado Childrens  

Southcoast (NEQCA) Lynn Hospital Kaiser Permanente Catholic Health Alliance 

Hubs:  Boston (primary) 

• Seattle, Charlotte (secondary) 

• Denver, San Francisco, TX (tertiary) 

• …? 
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Why? National interest….. but… 

Significant interest (IOM, NAE, 
AHRQ, NSF, NIH, PCAST, etc) 
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‘Time for science of health care 
to embrace science of systems 
engineering... but examples of… 
impact… are rare’ (JAMA, 2012) 

‘Greater use of (IE) principles… 
widely used in manufacturing 
and aviation… small number 
health care organizations… not 
widespread in U.S. health care’  

Institute of Medicine / NAE reports 

Advisory report to Obama (5-29-14) 
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Recent calls for proposals 
(2 of n examples) 
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NIH AHRQ 
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Healthcare systems engineering 

evidence base? 
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• Growing use of basic 
process improvement 
methods 

• Lean, PDSA, Six sigma, 
Safety, etc 

• But what else                            
(other industries)? 

 Observation  Postulation 

• Systems engineering can 
have significant value 

• Basic methods (for all)  
• ‘Systems engineering for common man’ 

• Advanced methods 
• Regional extension center model 

• “By what method?” 
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 What matters  What IE’s do 
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Safe 

Effective 

Patient centered 

Timely 

Efficient 

Equitable 

• Flow, waits, delays 

• Logistics, capacity 

• Quality, lean, six sigma 

• Safety, reliability 

• Treatment, medical 
decision making 

• Policy 

Common Applications of 
Systems Engineering 
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What is systems engineering? 
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• Set of methods 
to understand, 
model, improve, 
and optimize 
process / system 
performance  

• Used in almost 
every other 
complex industry  

• Underused in 
healthcare  

Methods 
(mathematical, 

computer, graphical) 

Uses 
Improve, optimize, 

control 

Foci 
Better systems 

& processes 

X 

Simple                                                            Complex

Industrial and Systems Engineering

1. Methods-based Model-based

PDSA

Lean

Six Sigma
2. Computer 
simulation

4. Mathematical 
optimization

3. Probability and 
stochastic models

etc etc
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Typical applications 
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Logistics & efficiency 

• Inventory and supply chains 

• OR scheduling and turn-around 

• Academic workforce logistics 

• Regional network design 

• Real time location systems 

Medical decision making 

• Treatment optimization 

• Screening and diagnostic tests 

• Radiation therapy optimization 

• Patient shared decision support 

• Palliative and hospice care 

• Medical alternative evaluation 
 

Quality & patient safety 

• Reliable and consistent care 

• Adverse events reduction 

• Preventable readmissions 

• Care continuity 

• Human factors engineering 

• Quality/improvement science 

Patient flow & Access 

• Access, waits and delays  

• Patient flow simulation  

• Workflow smoothing  

• Capacity planning, scheduling, 
and demand management 
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examples 
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We do a LOT of this… 
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6s, Lean, CQI, PDSA, … 
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…and we do a lot of this 
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Max Z=

, s
Patients

Check In

Receptionist

Prep for 

Provider

Medical Assistants

Provider

Provider

.2

Provider

.3

Provider

.4

Exam 

1A & 1B

Exam 

2A & 2B

Exam 

3A & 3B

Exam 

4A & 4B

Provider

?

Check Out (Exit) 

25

25

25

25
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Congestive heart failure readmissions 

Aim: Reduce CHF 
readmission costs 25% by 
increasing post-discharge 
follow-up appts ≤ 7 days 

Approach: Basic process 
flow, data analysis, and CQI 

21 
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Central line ICU infections 

22 

Aim 

Reduce ICU CLABSI rate and 
associated costs by 50% 
within 9 months through 
implementation of “bundle” 

Approach 

• Process flow analysis 

• Bundle implementation via 
reliability science and 
human factors models  

CLABSI Bundle 
1. Insertion technique, hand 

hygiene 
2. Low risk site selection 
3. Maintenance (sterile) 
4. Daily removal assessment 
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Peri-operative inventory 
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Aim 

Reduce peri-operative supply 
costs by 20% via inventory 

methods, lean concepts, and 
preference card reduction 

Approach 

• Establish/revise PAR levels 
for 80% of “A” items 

• Standardize & reduce 
preference cards 

• 5S inventory areas 
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Room utilization / pooling 

24 

Aim 

Consolidate low utilized 
patient rooms to eliminate 
~$2m/yr overflow space 
costs by hybrid room pooling 

Approach 

• Room sharing simulation 

• Open availability real-time 
RTLS tool 

• Pareto/CQI of reasons  
new process not followed 
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25 

Standard Process Improvement Computer Simulation Analysis 

Troponin: 3 hrs 
Lab: 4 pm 
Stress test: 10% 

CTA
ETT 

Stress
PET/ CT SPECT

SPECT/ 

CT

Stress 

echo gram

Average 

wait time
0:09 0:48 11:21 0:31 0:16 2:42

Process 

ave time
1:35 1:13 1:06 1:31 2:25 1:59

% of all 

tests
1% 51% 22% 19% 3% 3%

Computer model 
Real system 

ED Observation Unit 
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Predictive models 
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Logistics applications 

• Patient flow (ED admits) 

• System-wide flow                             
(bed huddle forecaster) 

• ICU or OU bed demand               
(7 day ahead forecast) 

Clinical applications 

• Patient decline 

• High annual total TCC 

• Outlier long LOS 

http://www.weather.com/
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SPC methods 
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Ventilator-Associated Pneumonia (VAP) 
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35

36

37

38

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46

Month 

NICU Birth Temperature 

Complication Rate EWMA 

‘Simple’ Methods Advanced Methods 
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Baseline time period Test of change

Y

T = time

Yi = b0 + b1*Ti = 11.15 + .087*T

Background Improvement Trend 
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Primary care team continuity 
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Model 

Continuity 
of care 

Session 
coverage 

Attending 
availability 

Resident hours 
requirements 

• Primary care resident teams (colors) 

• Desirable for every team to cover every shift (continuity) 

• Better continuity    Better prevention, outcomes, re-visits 

Primary care continuity coverage 
Poor Coverage = 50% 

Poor Coverage = 75% Good Coverage = 100% 
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Results 
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Summary 

1. Industrial and systems engineering under 
used in health care 

2. National CMS large demonstration project 

• Impact, visibility, workforce development 

3. Regional extension center as one model 

4. Open to any health system 

• How can we help you? 

• How can you help us? 

32 
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Thank you 
 

www.hsye.org 
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Project proposal process 
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