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Objectives

1. Overview of HSyE

2. Common types of problems and methods

3. Examples
a. Simple through advanced
b. Micro, meso, macro

4. Discussion and interests
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About me / Healthcare Systems Engineering Institute

Mission: Broad measureable impact on health care, nationally, thru integration
of research, education, and application of industrial and systems engineering
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Systems Engineering

Introduction




Ways to improve systems

Systems
thinking

(Key) \'x :
‘ ystems |mprovement
:‘ ‘, cal A Lean
\!

Systems engineering

Methods

approaches PDSA 6 sigma

W )
Systems design Systems
. . Hope
Innovation
&
Pray

Integration art/challenge

Process and system can be used mostly interchangeably

AN
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What is systems engineering?

e Set of methods
to understand,
model, improve,
and optimize
process / system
performance

* Used in almost
every other
complex industry

e Underused in
healthcare

/ Methods \

(mathematical,
computer, graphical)

Improve, optimize,
control

4

Foci
Better systems

K & processes /

&
AmericanAirlines

IRL» Walmart-

Procter< Geanble  53V¢ Money. Livebet

Bankof America
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Range of methods

—

100%
PhD

Advanced

ems engineering
- strial engineering
| rations research
agement science

% of Benefits

BS

< Simple Hard >
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What is systems engineering?

One of most
common
entered d qguantitative IE
man facto

methods

|
We already do a lot of this
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Typical methods

-_—
Optimization
Heuristics
; | ;
Mathematical Programming Queuing
Systems Thinking
Forecasting Constraint Base Scheduling
Data Mining
Human Factors Analysis Operations Research  gcheduling
Decision Analysis
System Dynamics
Facility Design Layout v i
1ty Design Lay Discrete Event Simulation Netwark analysis
'E Human Factors Analysis Classification System s
%- Statistical Analysis
E Ethnography Evidenced Based Medicine Decision Trees
8 Fault Tree Analysis Six Sigma Failure Mode Effect Analysis
Quality Function Deployment

Root Cause Analys

Usability

Time/Motion Study

Project Management

Qualitative Quantitative

Created by: Office of Performance Improvement, UT MD Anderson Cancer Center, with idea from the Standards and Practice Department, Mayo Clinic, 2010
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Typical applications

Logistics & efficiency

Inventory and supply chains
OR scheduling and turn-around
Academic workforce logistics
Regional network design

Real time location systems

Patient flow & Access

Access, waits and delays
Patient flow simulation
Workflow smoothing

Capacity planning, scheduling,
and demand management

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

LN
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Basic Ql Methods

recap — more thursday




Process improvement methods

Variety of approaches

80%* problems Total quality mgmt (TQM)
Common concepts: Continuous quality
‘ improvement

 Understand current
PDCA / “Model for

process
Improvement”
* Draw picture of process
|Ogic Six Sigma
* Use data (before/after) Lean

. Test improvement ideas Toyota Production System
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Common Ql/6c tools

llBaSic 7 TOOIS” | Pareto Chart

Check Sheet
Nonconformities Tally Total o
Black Marks /4 4 _
* Check sheets r—— i
Curs =)
Runs i/ 1 = /
Drips
e Pareto charts .

Type

([ Ca u S e - a n d - effe Ct Cause and Effect Diagram Flowchart Histogram
“fishbone” diagrams == \
 Process flow charts — 77/ ﬂﬂh%

Measurement

Number

* Histograms

Scatter Diagram Control Chart

e Scatter diagrams

* Run and control charts T

Factor 1

Value
\..
b
N
1
._‘--

Factor 2 Time
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1. Process improvemen

t examples

Triage & Pre-Op

Referral h Case Scheduling
Evaluation
Endo Schedular
MNon-Ane. 3 books Non-Ane
From PHS Percipia IS Endo Case
Froviders
Endo RM — GA? GA ik
From Non-PHS isor;au ]
Providers P entf;r,
atient Farm MNon-Ane v
Endo Scheduler
=~ books Weiner
ts:;z“;::‘;:‘;ﬁ mail/Call Endo PA— GA? >—GA »  Center if
avallable) & Endo
Case

Yes

Advanced? Mo

Gl Clinic Scheduler
books Weiner
Center {if
available) & Endo
Case

Gl MD —GAT  SMNon-An

Gl Clinic Patient Form

Gl Clinic Scheduler
baoks Mon-Ane
Case

Same Day:
Confirm add-on

=1 ability with Endo

Scheduler

Gl Procedure Day

Patient Chart, Enda Admin
Triage & Pre- Retrieves Patient
Operative - Chart from
Evaluation Results Weiner Center
(GA cases)
Y

Anesthesiologists
receive Patient
Chart & review for
any changes, tests

Re-prescribe
anesthesia and/or
order tests (delay [«=fYes

procedure) ar
Case Cancellation

ncarrect Pre-Op
prescribed plan or
missing tests?

Mo

h

Return to
Scheduling
Process

Gl Fellow
o| schedules Weiner

Gl Fellow
determines need
for GA

Mext Day Request
{=1:30): Fellow
entars in Endo

inpatient log

Center pre-op
appointment

Endo Scheduler
books Weiner

Mext Day Reguest
{=1:30): OR
Scheduling for
pre-ap & Fellow
enters in Endo
inpatient log

*| Center pre-op and
case for today

Enco Schaduber
checks log next day,
books Weiner

FuTare

Fellow enter in

Endo inpatient

log, with future
date

Y

Canter, and adds
case for today

Enco scheduber
checks log next day,
books Weiner

Y

Canter, and adds
case for future date

Gl procedura

Flow, capacity,
utilization,
bottlenecks
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Congestive heart failure readmissions

Patients with 1+ Arrivals (N=52): 271 - 4/21

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

Cumlative Density

Frequeney

0 &5 10 15 20 25 30 35 40 45 40

00 01 02 03 04 05 06 07 0B 09 10

Approach: Basic process T
flow, data analysis, and CQl

Cost due to Readmissions

e 3
vl !
Conditions #2,~. YE:
ot LD
e 150000
Continue to YES
.....
):a:::;eto Uﬂdl;oﬂ!']
puerde | L]
6. Inadequate response to initial theray e
lNO
Continue to ves EM
a1
3 & o u
NO
| A P I R
nnnnnnnnn -
valuate, Conditions #1; YES Request OV Fall withi-. YES Schedule QC .ﬁ' 1:!;- & QC .ﬁ" & $ Q‘f yﬁ}
et [ TR Y S ] o 0 4 Q-"J'E o o QF- & qz."s'& o g
l NO . { End ‘]
oy —a—Cost —@—Rolling Average
Healthy ?
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Central line ICU infections

Aim CLABSI Bundle
Reduce ICU CLABSI rate and |1 Insertion technique, hand
associated costs by 50% hyg'er,]e , _
o 2. Low risk site selection
within 9 months through

o fati £ap oAl Ma!mtenance (sterile)
Impliementation of "bundie 4. Daily removal assessment

w

Approach Relability Measures

) Strategies
tier g Outcome

* Process flow analysis prevent

 Bundle implementation via |
reliability science and Mitigate
human factors models

Redesign . — |

_/\
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Peri-operative inventory

°
AI m B L i ST .
e I
y Froosdurs LT T
. o wenad mis
ask Bt it
. . e T
Fi o Eigs LTh EPPEOPrists posLth -
Lo AREUTS PaTLSAt skin, vesous. snd m'v‘“tl
-— Falient Frep! Solwtion Sores Surgicsl Pevidons Todiss Teopropyl
Solutia
ADML With Applieaios
AR APAASME | i g patiay and s
allows Bk t in wer. €34
BOLL LTVa@3 i
[ ] [ ]
wwwwwwwwwwwwwwwww
Confimm Aatibiofio given pre-sparatively
COStS o Via Inventot
SOFFLIES AMEATHESRTA
= -

methods, lean concepts, and ===
preference card reduction === T S e

A p p ro a C h PAR STOCK LEVEL CHECKER
* Establish/revise PAR levels g ks s
for 80% of “A” items

 Standardize & reduce
preference cards

* 5Sinventory areas

3 o & DS i
ary Tadeit H Drdler Nuwded

Mo Ceger Nesged

P DRy Ml

Mo Drdar Kasded
rrrrrrrrrr
Mo Crder Nesded
Mo Oeger Neeged

00CCOEOOCOOUO:
9
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“Six Sigma” DMAIC basics

* Focus: Quality improvement

e Structured approaches, integrated measuring

— DMAIC: Improve existing process
— DFSS: Design for Six Sigma
— DMADV: Define, Measure, Analyze, Design Verify

(L7 X\
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DMAIC example

 Define: Process maps for EBM delivery (AMI, SSI, CHF)

 Measure: Baseline element and composite measures

* Analyze: Weekly review of 10 random patient charts
by change agents and case coordinators.
RO Ot Ca u Se a n a Iys i S Chart 1: Charleston Area Medical Center: Time from

Arrival to Delivery of PCl Procedures, 2007
| - Time to PCIﬁBG‘

 Improve: Staff education, order ‘.
sets, Protocols, check lists o

* Control: Standardize processes .

10%

Compliance monitoring ™ - = w o

(-] ay 0T SJundT i ug
4 11 1 8 8 10 = 3
Months and Mumber of Cases

HQA Indicator: Time from arival to parcutaneous corenary intervention = 90 minutes. Data: Charleston Area
http://www.commonwealthfund.org/Content/Innovations/Case-Studies/2007/Nov/Case- Madical Center, Hovembes 2007,

Study--Improving-Performance-at-Charleston-Area-Medical-Center.aspx

/\ 20
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SPC methods

35 1

VAP rate per 1000 vertilator days

38

37

36

35

34

30 4

25 A

20 A

15 A

10 A

‘Simple’ Methods

Ventilator-Associated Pneumonia (VAP)

*
ucL
. R
H uwL
L o
P °--® s
o o : « - @ ° ;
B . o o .. b
. « : PRl L e -
'S N ®-.¢ .
L L'y
® .
®LwL

1.2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

5

NICU Birth Temperature

Y R

' ¥

TT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T rTrrrrrrrrrro

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

Advanced Methods

Complication Rate EWMA

50

40

Background Improvement Trend

Baseline time period Test of change

n
Y, =By + By*T; = 11.15 + .087*T l n

T = time A -A
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2. Breast milk feeding

Aim: BMF during/after (1T")

Full or low birth weight babies
(NICU)

Better for baby, mom
Complications, LOS, S (/)

Overall Project Goal
Increase the use of
human milk in very low
birth weight infants in
Massachusetts

1) Increasethe use of any human
milk prior to NICU discharge or
transfer for VLBW infants in MA to
2 75% In 2 years

2] Increasethe use of exclusive
human milk prior 1o NICU
discharga or transfer for VLW
infantsin MA to z 25% in 2 years

A

Outeame Megsures: Percentof VLEW
infants receiving any or exclusive
hurnan milk in the 22 hours prior ta
NICU discharge or transfer

0.95

0.9

| imadequate parental education

I Secondary Drivers | | Patential Change Concepts |
Lackio feicatin b pragwial onsibation 1) Train NICU staff to better
Pracess Measure: Dacument pasent educate families
h 2 "
prenatal eonsultation. for families
I/ 3 liap prompts in the EMR to
Lack chcation del

0.85

Process Measure: Time [hours] to first

Doty Mecrine: ! )
administer mathers' ewn milk {oral
care or enteral)

pumping

PeocHs bigogiing: Any human mlik
usedat DOL 7,14, 21, 28

Erocest Meature: Any skin 10 skin
perfermedon DOL 7, 14, 21. & 28

1] Training LED and postpartum
Staffro faciliate earty
pumnping and hand expression

2} improve availabiliny of pumps
on LD

0.8

Systematic monitoring of pumping
and <kin 1o skin by NICU staff

First feeding via BM

0.7
0.6
0.5
04
0.3

\—f\»vf\'\,_—\.,ﬁfw-»«w-’\/\ \/-—W“-A\_JA \ o
LA A

WV

2

M
wWoTy

02
0.1
o

Feb-08
lun-08
Oct-08
Feb-09
Jun-09
Oct-09
Feb-10
Jun-10
Oct-10
Feb-11
Jun-11
Oct-11
Feb-12
lun-12
Oct-12
Feb-13
lun-13
Oct-13
Feb-14

] — O] —CL

Infants Rooming In- 7pm Weekly

/\,_.Ar’\vr/\/-"\_,\/\' Y

v N

H| TN WA WA

— T
MVVV |

Balancing Measures
1) Rate of NEC and any late infection
during haspitalizateon
3)  Lengthof stay
1)  Growth during hospitalization

e

A with
an IBCLC or equivalent personnel in first 72
hours of life

Hospital-grade pumps provided for
allmethers

1) Imprave NICU coverage with
IBCLCS, Peer-counselors, atc.

breastfeading
in the home environment

_/

| peer-support
breastieeding groups.

—

[Establish home feedingregimen that

prier to dischargs

Any mothers’
3 months post-

by DFH on WIC mothers only)

t Milk within 24 Hours of Discharge

Any Breast Milk within 24 Hours of Discharge

Healthcare Systems Engineering Institute |
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imple tool support

1 | 1 ]
AW N -

Comparing multiple system or measures
z charts

G0-AON

From Mon-PHS

3

!

0

!

From PHS
Providers

Providers

‘Advanced Endo
PHS & Non-PHS)

Gl Clinic

Inpatients

G0-20Q
90-uer
90-904
90-1eN
90-1dy

90-kep
90-unr

90-Inr

Process mapping

Endo Scheduler
books Nen-Ane
Endo Case

jon-Ane.

’

Percipio |s—‘
ndo RN — GA?
850 Call
Center,

Patient Farm

lon-Ane:

¥
Endo Scheduler
books Weiner

y

£mail/Call Endo PA - GA? Center (if

available) & Endo

<

es

Gl Clinic Scheduler
books Weiner

‘Advanced? o——————————————»

0

> o
[ @
e 3T
o o
o [e)]
Triage & Pre-
Operative

Evaluation Results

Chart from

Re-prescribe.
anesthesia and/or

GA

Patient Form

- " Gl Fellow
| “rounds 7
Screening

Gl Clinic Scheduler
lon-Ane books Non-Ane
Case

Same Day.
Confirm add-on

Ellow
schedules Weiner
Center pre-op

[ves:

Contenlit order tests (delay
available) & Endo el
Case Cancellat
Return to
Scheduling
Process

Gl Fellow

for GA

ability with Endo
Scheduler
Next Day Request
(<1:30): Fellow
need

enters in Endo
inpatient log

—

Erndo Schaduler
books Weiner
Center pre-op and
case for today

Next Day Request
{>1:30): OR
Scheduling for
pre-op & Fellow
enters in Endo
innatiant Ina

Enda Schaduir
checks log next day,

bool

ds.
case for today

(GA cases)

Retrieves Patient

Weiner Center

Anesthesiologists
receive Patient
Chart & review for
any changes, tests.

missing tests?

incorrect Pre-Op
prescribed plan or

Gl procedure

Reliability
tier

Prevent

Detect

Mitigate

Redesign

250

200 |-

1510 =

10.0 -

Reliability process design

. Measures
Strategies

Statistical diagnostic tools

0.0
0
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Automated/Excel tools, dashboards

A B c 2] E F G H J K
1 System:  Noumnr le monde Contact:  Joe Dreamer
A B C D E F G 2 Project:  Curing werld hunger Updated:  March 1, 2012
Chart  BMF Best Practice Compliance Reliability Engineering Design Percent BMF R P Frachice 3 ke and associatec Gots by ¢ i clake 2 Uieieig atliod W
titles: Average Length of Stay NEC and HAls Total Associated Cost: =
Y-axis Compliance rate Implementation degree Formula rate v
labels: ALOS Rate per 100 days Costs 7 Notes: Summary of notable results. This past month we have spent our ime focused on two primany activities: [ 1) 0000000 0000000 KON
8 and [ 2] yansans s pssans A barrier is asasaaa bbbbbbbb cccccoe, which we hope to resclve by ddddddd eeeeee FFffif
Month Datal Data 2 Data 3 Data 4 Data 5 Data 6 "’ -
Jan-12 5 2236067977 9 8 1 87 =
Feb-12 1.732050808 7 6 2 75 ) BMF Best Practice Compliance Average Length of Stay
Mar-12 6 2.449489743 10 9 3 80 = ii " y : =
Apr-12 4 2 8 7 1 87 = z
May-12 7 2.645751311 1 10 2 84 =] | *1 ” =B v
Jun-12 10 3.16227766 14 13 3 91 =1 5™ . g =" S =
Jul-12 2 1.414213562 6 5 1 88 |4 ° ; - » AN g 5 =
Aug-12 14 3,741657387 18 17 2 85 sl S e A <= - 15 . ' ;
Sep-12 2 1,414213562 6 5 3 88 ; ‘: Ty i g - . .
Oct-12 4 2 8 7 . o il _ I
Nowv-12 5 2.236067977 9 8 » >3 3 DS B I I R )
Dec-12 3 2.449489743 10 9 * Q.:-*Q.:"Q ~°‘Q4°Qw‘\1 * .r"}.:"o ¥ ¢4°¢qv‘¢ v e"\s‘\ ¥ cﬁo\ﬂ“} ol a"\a"x Vo
Jan-13 7 2.645751311 1 10 1 - o
aris s remens @ Y ; i 8] . S ) ecmd
Apr-13 5 2,236067977 9 8 1 69 %) 18 . 16 ’
May-13 6 2.449489743 10 9 2 83 g |
Jun-13 5 2,236067977 9 8 3 67 = H o] 3 . . §n/ ! g -
v i = 8 z : £ "J %10 I " £ -.. l-l " gila L] . p l.- I.'I '
Aug-13 8 2.828427125 12 1 2 - 8 ] a " - |4 : I~ P - f
Sep-13 0 0 4 3 3 = ‘5 i e @ . L 2 . P B ;
Oct-13 1 1 5 a4 1 = = 4l .
Nov-13 5 2.236067977 9 8 2 = Y : ; : o4
Dec-13 4 2 8 7 3 % \’;_-“L‘"\‘\.‘t’_.'\ \&.\_“»40-}&‘3:;2:‘#@""\5 \,}Q’#OQ"Q"\\ “";\;t’ '@"#\-G &4493‘9*\1\#0‘#\?’!'@ é"@‘*q("pa\'\
* Month
. . o, . 8 Percent BMF Total Associated Costs
e Option for initial baselines n| o m
40 3 [ ] . [ L] . L] . - % 1a l.".lI-.'.. -
41 . 25 :g | = i Y .
e Tabs: Data input, run charts, definitions Nt FRTATAYAYATATATANI
gD, put, ’ ’ = g 15 3, ]
. 0 45 1= (] - ] ] - - [ 30
Instructions | o5 »
47 0+ T 0+ v . : .
. 48 o D 3D D DD D D D D > I DD O I )
* Automatically plots run charts a| IYEVEGLLIEVIGE || $FFVEI LV
L1l
Run charts Data = Operational definitions | Instructions Run chart
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Model-based improvement — beyond basic QI

] T r—
Faclic Fc CANADA |
Timo&oon | Miun e
e “""‘"am”“*’ﬂ’ -~ e

.'.."u _._ u;_h_ L _"’!_ 'n:lllr'lwm-\- . ]‘
&% Arena - [Modell]
File Edit Wiew Tools Arrange Object Run  Window

= Yk 2t 2 2us Wkt * Dktrs

__D@E|@@|%|ﬁ|% B B |2 o |E _. A 1 Vi, sandVmE G;
MNe oAl ——

= Rt Vitand Vm € G;

Advanced Transfer

vV (m,t,s) € 0;
Advanced Process

Basic Process

Vi,t,sandVm € G;,Djpp + 0

Vit,sandVm € G;,Vn € Uy

Vi t,s wherem € G;

Medical Assistants

Provider
2

@ | " i Apps = vV t,r,s wherem € Qf

Patients

D D Pkptrs = Goal; Vi, s

Provider

2 Ames € 0,13

Provider
4

MEXICOD g | o m T T
_ e i . ; - OEEAN

=
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What is a model...?

* An artificial representation of the real world

* Perhaps idealized, simplified; hopefully useful

III

“All models are wrong, some are usefu
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3. Unnecessary referrals or consults

$
. Predictive model *
Flow logic (logistic regression) [N GBI ol [o ]2

consultation

Issue
resolved

e LEQVE SYStEM

Potential %1 %
referral
need 1%,

Appointment still
required
(for % , x % , << 100%)

v

Appointment

|

F2F referral

* regression, support vectors,
classification trees, ensemble Historical
methods, etc data

occurs f2f

$95

Threshold optimization
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Results

Off-line test of accuracy and savings

Application

Tool B1 “Gold Standard”
Prediction (MD Feedback)

Patient

* One neurology sub-specialty

* One month off-line testing

* Retrospective review as gold
standard

Results

e 23% reduction in F2F consults

o Simpler decision tree tool Referral workflow logic
* 3% remaining F2F’s unnecessary

e Corresponding improved access

« $223K/month estimated savings

Request Tool: Tool: MD: MD: Tool Cost w/fo CS Cost F2F Cost | Total Cost | Total Savings
Total cs F2F cs F2F Correct Tool w/ Tool w/ Tool w/ Tool w/ Tool
78% C5
. 33% 67% 10% 90% 7/ $672,800 | $1,200 ) ';ﬁ;ggﬁ 5$25213,ﬁ820
(20/50)  (60/30) | (3/90)  (BY/30) | 7295 FoF : 5 fﬁ‘ﬁ 35952 [if50) monthly
(52/81) ' [iT60)

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




4. Predictive modeling atazanm

Same day forecast (1-4 hours) Long term forecast (1-30 days)

Time of Day Inputs:
[0am 1030 1000 11:30 12:00 12:30 1:00 1:30  2:00 23D Ipm

1. Starting conditions

Patient 1: 0.95 | Patient 1: 1 :
* Beds occupied

I Patient 2: 067
| - * How long
& . | T
| : Patient 3: 0.1 i 2. Probabilistic
I 1
: . : Patient 4: 0.73 Paticnt 4: | * Flow paths
1 n T
! ! ! i —e———rTY , * Lengths of stay
I ! | E | - —— ' 3. Arrivals
| . ! v : * Scheduled
E(T) 0.95 162 1.73 1251 282 1.71 191 | 218 1.ET7 . Emergent
al(T]) 0.05 027 037 |05z 073 0463 052 | 0.33 1l
Academic Emer >dicine ,,: ®
® ICU * Inpatient
ORrigINAL REsearcH CONTRIBUTION g o
N % PR
Predicting Emergency Department Inpatient .
Admissions to Improve Same-day Patient Flow »1 .
Jordan S. Peck, MS, James C. Benneyan, PhD, Deborah J. Nightingale, PhD, * 0L 1343871 NN UBUD B BED URD DD B ® C113 436w nn u:n.:q PuBmnaBuBHY S
and Stephan A. Gaehde, MD, MPH Sulsind 46 Seonisnd 415 lw::: i Mt de ~ ~ Hatsral e St 28 Senuited #15 l"'c'fmw- Wasaslds ~ - Matseal o1
© 16 Linear reg = Age, Complaint, D Mode
. m‘ " N o
5 . 12 A Orthopedics Nursery
210 ]
i = .
g6 ey %rf—r‘: R =05826 5‘: N
14T FT * N S oo
y I o] »]
£° H L
0 2 4 6 | ‘3 10 12 ! 012 x.a.s (] 7.5.!.10.11 u.u.l.‘. 1 15_‘:7‘:5 u.:u :1.11 }J.EA.R! :5.11 u. GrrrirETERRL ::‘:} HEUDBHDUHRLBUBEDY
Am Dﬂy Amm e -l S <Ly ﬁ";ﬂr:'; M‘“‘- sl cle = = Maesed ol Semuated -10 St <lo —‘wr:l;::!”m Faweaal <10 s e
29
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Weather forecast

metaphor

10:33 AM

Wednesday To

Now 11AM  12PM  1PM
& & & &
46 46 46 46
Thursday

Friday

Saturday

Sunday

Menday

=

SPRINCYILLE

Friday
Saturday

Sund

6:26 AM

Seattle
Cloudy

40

eessc ATAT LTE 12:48 PM

Seattle

Cloudy

I 6 :
2PM 3PM
& &
50 50

Friday

Saturday

Sunday

Monday
Tuesday

=

4:22 PM » ATAT 1:21 AM

Seattle

Cloudy

48

Thursday

Friday ‘ 1 Saturday

Saturday 2 Sunday
Monday
Tuesday
Wednesday
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Example of CCU bed demand model accuracy

CCU 2-week look-ahead forecast — Retrospective study

CCU Census Forecast
35 -
30 - _
- 1 A "
.......... e .
....... - o
&“20 _'a-"'__\ --------- ,-.---""" — ..,
k- T R e X 4 \\ """" s
=15 he . % ’
7’ ~ ”
N o : ., ey
10 4
5
0
I I3 T B x T B i D > D g bt T i
" " Y oy . 2y Ny oy oy - by oy oy oy
¢>\q’° co\"’o (\\"9 %»\”9 q& c\'@ »\"9 '1)\"9 m\"('} > s\"’e AU %‘3’9 q\q{’}
My ™ ™ My Oy My Ny O
I QS S A A P A \ S \ R\ G
Future Time Period
10%ile to median median to 90%ile 15t %ile  wereees 99th %ile = = Actual
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Patient no-shows

ApproaCh E(TC) :Nf‘cu (N —X)*P(X :X)+ico #X—=N)*P(X =X)
1. Reduce no shows (CQl) here (X :X):[Mj(l_p)xpmx
X

2. Predict no-shows (regression)

3. Optimal over-book amount " e ————
il Best balance:
(probability cost model)

s g 3
F % R 2

High provider utilization,
low patient waits, —
acceptable overtime

§ -]

4. Decide when overbook (simulate)

g B
g R

P8R FOR B
Utilization (percentage)

Overtime & Wait Time (mins)

5. Test/refine in practice (DOE)

600

Optimal OB amount

500

400

300 Repeated designed dm

testing, refining

200 d&
Projected $236,000 savings (1 clinic) @P
.. T

100

0 .
12 13 14 15 16 17 ww a2 ;

ing Cost 436.80 306.24 247.83 274.78 374.22 523.15
Time

Number of Patients per Session ‘ é
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5. Computer simulation: Flow example

Process Logic

Overview Flow of Pediatric Department

(4 Providers) (Patiant Arrives to See a Particular Providaq

bl
No .
Receptionist Availabla? =5/ Chwei::llz 'Tnu )
Yas

{1 Receptionist)

fRandom
Check-In ( Patient Checks In )
Time) I
(2 Rooms i N
per Provider) Provider's Exam Rm Available? Ex::l"ag;;:_'
Yes
2 Up Madi i :
MA adical Assistant Available?
Yes

( Put Patient in Room J

‘Rand( :
P{'e; n%f;, ( Medical Assitant Preps Patientj

Iz
N
Particular Provider Available?
Yes
fRandom

Exam ( See Particular Provider )

9 Wait in Exam
Room...

[ Make Follow Up and Depart I

Patient Flow Through a Pediatric Department

L

s -
o N

Number of Patlents

o N & o B

Location of Patients In Pediatrics

Analysis Results & Accuracy

Totad

1.5 2.0 25
Hours into Session

4 Providers, 2 "Up® MAs

Location of Patients in Pediatrics

M Collectad Data

(O simusited Results

2.6 8.1
‘.9 ‘-7 I
| | [-q

I 25.7 253

|

|

|

|

|

I Total Wait
Until See

L Providar

|

Wait for Wait for
Reception Up MA

8.8 8.2

Wait for
Provider

Comparison Of Simulation Resuits and Collected Data

Y UiV ;)Y

Benneyan, 1997, An introduction to using computer simulation in healthcare, Jrl Society Health Systems, 5(3):1-15.

N




Model accuracy - Simulation vs real data

Pediatric clinic simulation Comparison Of Simulstion Results and Collacted Data

4 Providers, 2 “Up® MAs
Comparison Of Simulation Resuits and Collected Data

)
SEoviders: 2 0PN 257 25.3 M Collected Data
o]
b 5 O simuahed Results
5 257" 1253 B Collected Data ;
9 (O simuahed Results 0 56 9.1 88 g2
)
0 2.6 8.1 8.8 8.2 0
- Total Walt Wait for Wait for Wait for
D Until See Reception Up MA Provider
1.8 1.7 Provider I
N | i
D
Towsl Wait Wait for Wait for Wait for .
Until See Reception Up MA Provider Change INFProcess & model

Provider ¢

Comparison of Simulation Results and Collected Data

. . . . o 3 Providers, 2 "Up® MAs
Observation unit simulation ;
D
250 0l 234 225 B cCollected Data
0 (] simuatted Results
2007 ® Computer model 0
n
150 | Real system 0 T 85 79
1007 ok | —)
Touwal Wait Wait for Wait for Wait for
50 1 Until See Reception Up MA Provider
Provider
0

I R T B I B T B B Validation Output: Comparison of Simulation
OU LOs Bin (Hours) = Results to Real Process
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Room utilization logic

Aim
Consolidate low utilized
patient rooms to eliminate

~S2m/yr overflow space
costs by hybrid room pooling

Approach

 Room sharing simulation
* Open availability real-time
RTLS tool >

e Pareto/CQl of reasons
new process not followed

Dept | D Indicator

Apt Time

Arrival Time |Pt Name Pravider |P Indicator|P Count

10:30 AM

10:29 AM

AAA NAKHLIS

10:30 AM

10:31 AM

BBE | OVERMOYER

10:30 AM

10:36 AM

CCC BURSTEIN

11:00 AM| 10:33 AM DDD GOLSHAN
11:A5AM| 10:34 AM EEE OVERMOYER
10:30 AM | 10:38 AM FFF MORGAN
11:00 AM | 10:44 AM GGG RAUT
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ED Observation Unit

Computer Simulation Analysis

Standard Process Improvement <

250

Chest Pain Arrivals

Exit Model (Obs.

Complete) 200 1 ™ Computer model

" Real system

ST Yes (15%4)
Elevation?

A 150 -
Check Patient Status

100

History and Check-Up

Stress Test
Interpretation s0 |
15t Troponin Test NSTEMI
: o
"~ Yes (18%) c Stress Test Ll T e R =T - o R O T T B At T =T T =) T = T B e T
Troponin? Wait Until 8am OU LOS Bin (Hours =
I I I D D D D D D D D D D DD D DS DS B e
Resource
Available?
Wait for 2" Troponi 1 — 12 3.5
Test Time .
Troponin: 3 hrs 3
2™ Troponin Test 10 Lab: 4 pm
—_ Stress test: 10% O 55
v | c
3 o
(o] \l/ = 2 -
= (S ]
T 6 _ U
2] @]
9 E 1.5 A
Average
€rage .09 048 1121 031 0116 2:42 S 4 Ko
wait time o) 21
a
Process
. 1:35 1:13 1:06 1:31 2:25 1:59 2 7 o5 |
ave time .
% of all i i
: 1% 51% 22%  19% 3% 3% 0 0
tests

M Current State M Trop Delay, ST Fraction MAII3 Improvements
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Macro system example

* New facility master space
planning

* Queuing flow simulation

“ " Massachusetts

Qh\ Eye and Ear

experience. life.

—
Valet
e py =B min
pup=1

(.5
Parking LUbb!"
Garage min
T\

\ -, 1 ASC

Pre 7| v = 120 min

* =015V Elml D&H T-3-5H-H-M- @
lllll Patients in Area
(5“"”’“ Oplhal :
«\ pos o= 11875
- 5
i \\ )b = 0.02864

— 43

L ENT s
Iy 5'}'4'."
Street — TSINNERNNEBNBLRAAE S

Number people in Lobby by time of day

50 random L‘
days r W

°or ni
I mean |[ |

l'\IH'IH”'I W W

N ey

bl

1 .
il lJ 1 e
I

,_

{ Soth
i 5th

- -

"

s
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Regional EMS example

e Ambulance location
and routing

s Known data

“Tva Unknown data
s Transport Journey
Tep Retumn Joumeys
s Response Journeys

@ Hospital Facility

e Maximize survival B

probabilities

Ambulance Allocation Simulation Tool =]
Filz Load  Open Model Options  Run Simulation | RESET | Scenatio
Google Maps Journey Finder ;Iglil

G"\TENT NE"\TS F:J File  Locations ﬂ
Get Directions

Select a version of Google Maps:

Map Properties

Welsh ambulance review urges end to 8- Ll Select o of A:
[ iehelais = s | elenariesto [ ¥ Show Map Type Control

minute 999 target Zelect the tevt e fo use: I Show Navigation Control

Test Locations | 5 = B: ¥ Show Map Scale Control

By Andy Rutherford - Health 5 4Bpm Monday 25th April 2013 in Gwent news el Aoz of Focs I W Enable Keyboard Shortcuts
Apply Options to Map

carresponcent SEl -] IByCar le“ES j Get Route |

— Journey Details

et
‘ Get Jaurmey Details ‘ [m] = _
B = Wjﬁ A
Br j Beacons

- W,
SelectiunFurm _ ||:||£| i \\?al Fark >
! e
Choose Scenario: ISCenario 1 'l Add Mew Scenaria | LY Ebti Vale
Merthyr

Lydbrook

Coleford
hd . . - * Tredegar b
4 e I —iew Forms ———— [~ Scenario P, 1 L Tyefl e Abertillery | 4 Weat DearL
‘Aberdare | pN .
Joumney Time Matix | Run Length  [10pg0 0 Bargoed y?’
renrchy M”A;? Geligasr ~ Panteg

Cwmiby

Demand Propartions | Replications |1 o '{:an

Porth F;_C_!l'llyllﬂﬂd
\"*%aerpniuy
LN

Base Station Details | WarmUp Time |1440
Hospital Dietails Seed 1 V' Aulo Seed?
i - Renarih
Description Default 5 cenarid LE;T:,E Dinee By TETRED

Barry st Trie Severn
Weslon-Supe‘r-liﬂare

id

Update changes to current 5cenario |

. 4 Winecombe \
B - 20 km I
) . Coogle T -
‘Welsh ambulance review urges end to 8-minute 399 target | 4 o Map data %&ﬂ Selds - rerms o7 00
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Policy examples (Monte Carlo)

Cancer Screening Policies Spread of Epidemics
(or improvements)

Comparison of alternate policies

Patient takes - Yearly for the first 5 years after the date of separation

PC-PTSD? - Then, every five years if date of separation is known,
yearly otherwise
Year 1
Patient comes in
with symptoms?
Final
. det il ti f
(witl:‘ Erob P:g?gfr‘sag??s 3 ?';"‘:.S?‘Ei“"gp °
1-ra)
Year 2
PC-PTSD. Positive
r Unstructured
clinical exam
(with PPV of 0.75)
iNegat ve
No Patient takes Final
(with prob. PC-PTSD? determination of
1-rs) “Negative”
Year j
Negative
Patient does not take PC-PTSD in the corresponding year
$25,000 -+
4 ® 0% Rescreening Ratt
$20,000 + ‘
T 100% Rescreening Rt { Cellular automata Monte Carlo
e ‘ S d of Bird Fl
e — ——— — —¢— — — "¢
$10,000 + s
Y e — ——¢
—
o—o—
R —
$5,000 +
$0

1° 2 3 4 5 6 7 8 9 10

Number of Cytotechnologist Screening 2\ J |
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System dynamics example

e Typically macro level
or policy analysis

* Concepts of ‘flows)
‘stocks’, ‘rates’,
feedback loops

* Based in differential
equations

* Also very useful
thinking exercise

Fiqure 1. Trade-offs betwesn higher and lower clinical thresholds

Physician

|

false positives
———  known fo

-~ + physician
Regret about
false positives

/ defay\
+ + last fo
/

Influence of

False Positives \ follow-up
{patients who don't '. B4
need treatment, [
Phvsician but are referred ."I
mctivated to anyway) numiber of
raise threshold falze itives
\ +
D | DEIRD - TUE
positive:
. Clinical
decision
* * threshold
Diagnastic T — N o True
accuracy negatives
+ —
Pl number of
motivated fo —
Talse negqalves
lower threshold Influence of false n ET""""E
‘ False Negatives tII
[ (patients who | “
| need treatment, + 4
\ burt are not | ﬁ:‘;ﬂ.ﬁ fo
J WL
\ referred) dela \V
Regret about false negatives
false neqgatives +
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6. Optimization models

Basic elements

* Objective function
— Cost, quality, safety...

e Constraints

— Resources, capacity,
time, sequences, etc

e Decision variables

— Staff level, start time,
locations, capacity...

Types of methods

 Math programs
- Linear programming
- Nonlinear, integer

e Search optimization
methods
- Genetic algorithms
- Random searches

 Calculus-based
methods




3. Optimization models

Example:

Description :
P Inventory Purchasing

What are trying to achieve?
(Maximize / minimize some
thing of interest)

Minimize total purchasing cost of
all inventory

Objective
function

Decision What can we change? How much of each item to buy
'ElEl s (What model solves for) from each potential vendor

 Must buy > N, quantity of Iltem i
What can't we change?

Constraints . .
(Logistical givens)

e Can not buy more from Vendor K
than they produce

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



Supply contract example

* Jtypes of items Minimize: Total cost of all items

» Need to buy n; of each from all vendors

° Kvendors SUb_/eCt to:

e Complex purchasing X110 ¥ Xg2F e T Xy =1y

contracts based on total \
volume bought from each
vendor annually

x2’1 + x2,2 + ...+ xZ,k - le

—_—

* m,,=Maximum item j
available from vender k (Xjat X2t X =T
. . B \
* X = Numberitem j N 0 < xj, <mjy forall (j, k)
bought from vender k

A2\
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Scheduling examples

General Problem Integrated Approach

Scheduled Co-availability &

Care team

cases

scheduling
Advance l« Output
schedulin Add-on i ilabiliti
g scheduling Optimal surgeon availabilities

Anesthesia

Input l,

Downstream

|
| |
|
| : linked event
Al Breast Cancer Reconstruct ! scheduling
: Surgery Surgery .
: lag=0 [ l Output
I I
TR EEEEEEEED TTmmmmmmmooooooooooo- X Optimal surgery schedules
: ! oncology Coordinated plastlc Ll

i care team Ll
|1 surgeon team surgeon team !, Input l,
L !

. ! Simulation
evaluator & local
\ll 1\ optimizer
Surgery only Elective
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Models

Monte Carlo Simulation Integer Programming Genetic Algorithm
, B Mumber of ORs (n) . i E E E E E E E E E E E
User inputs Number of time slots (t) Maximize E.:I:.Ej Ek R-:pjk A Y O T R
Ml (Al Ml (M Ml (M AR B (M X T
i E EE OE EE EE [
v : R E FE BE EE BE [ E
— ) subject to, m mE EE EE | [
Replication loop : : T W
: B & [ [ B &R FE [E [
l XS =1 Vik o E B OBME EE EE EE
W E EE EE [E w 5 [ [
o ORloop L <1 Vi5ik S E W 6]
I X Qi =1 vmk L N N O 1 T
E‘ ik ’F B & M E R EOF R
. Liny=1 Vik ME mE EE §E
_ - mE EE EE [E©E
" L Gmjp =1 V]k N5 BE EE EE
: [ [Tl (] [ K
. LS <K Vi Bl ELE WL [F &
. . o b b B ] il B1R
y LiZym <K VI ® & & W FW k| [®
&8 Y ¥ oa..<K ¥m mlom E® R OEE([E (E
No 75k mgk = B W FFE §F [§
OR =7 Sujk T Nk + dvik = Baik V&, Lk 0 M W & W [ [F
— Boik — 3*xajk — 2*yek — 1*ue=0 VY &,j,k &l oo EE
Y 13 * Xgik + 12 ¥ yoik = Reik Vo k \ﬁ\ﬁ _m/ / -
Evaluate the . rra Loyrea oL o . e R 1]
assignments Xgik T Yok T Uk T Vo = | vqﬂ:}:k | (W] EE @
il (A Al (]
. OREENERE E
' " Xaik, Yoik, Uik Veik€ {0,1} V&) k B W& E]
I:RBP"ﬂ“@i Rsik, Bajk = 0 and integer v,k S e —h%
o sik€ {01} Vijk % % % L; %
¥ n € {0,1} VI[Lk B [F [ ]
Calculate resulis amik € {01} Vm,j,k % :El % r_i %
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More complex example: PCP team continuity

Team 1 T 5
FTE Panel FTE Panel FTE Panel e a m
Pechinsky 0.375 729 ila(( 0.175 284 Mekrut 0.56 0 I Team 3
Teamlet Continuity Access
75% . .
0% Third next available appt
65% 12
60% 18
55% 8
50% 2
45% =
40% V
35% 2
30% 0
,Q& @5’* = 3 ‘ﬁ\é‘ & o o & i
¥ \ = & 8 & & & & & &S S f N éf v';‘é;"
v
o S & %‘ﬁ;‘!’ oF o & ﬁpf vk‘ﬂ otﬁt:;.é'
Res[_ Compliance measures Inpatient Admissions
1 1005 110
2 100
3 905 —+—Well child E
todller £
4 i A“\\.‘_ —+—Pap screen E i
5 =t Marsngrap!] -E 80
& B £
= u—wkk
= 7 Lo S0 b=
= s w .
-E 9 o g 50
e T 0% -
11 B J"?& - b o &&"adt & 11 | 12 1 z 3 4 5 6 7 8 9 100 | 11 | 12
12 fﬁd} Jf@’ M‘f #b ; jﬁé} fdﬁ‘ 2012 | 2002 | 2013 | 2013 | 2013 | 2013 2013 2013 | 2013 | 2013 | 2013 | 2003 | 2013 | 2013
|
13 AE-Admin FMIC FMIC 4Bida|:l:i|: FMIC Longitudinal FMIC FRAC
14 FMIC AE-Admin Starr Dridactic FMIC FMIC Subspeciaky FRAC
15 FMIC Longimdina FMIC Didactic FMIC FMC FRIC
16 FMIC FMC FRIC FMIC
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Marco example: Network design

Conceptual model —

 Abnormal sleep breathing
e 20% veterans, $534m (2010)

* Inadequate access to testing

_FEE

o
e
rd

S = Polysomnogram recond (over time) M\
||" '.I Blood |
axygen TS AT A e Y
\ s . | level ‘P = TW

/ Decrease i r}

| in ﬁffﬂ?f a?lxeuferr:f —_— Huight = fength of event
- :

5-15% cost | \ / L1 il Aol
10 - 35% access T Y REM

sleep = LUM_L_{HL
15% in-house care T HOUSE Stage IHLHW.LM%

Bottorm levels = deep siaep J
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Macro capacity / care location example

e Questions
>8R el o * Where to locate which care
/}__, ~1 i If.:.n- 5 '._._.I .
@ >~ J services?
A\ seedlE TP
|8 >S5 N o® | * In what capacities:
ﬂifl\ " Framingham -.:‘\Braintrau“--.ﬁ @@{]uincv . . .
D ey * Which patients receive care
o H\'-., 5'5"/ 24 o
Milford ril- -la- a Where?
_/ / Kingston @

 What if demand changes?

-

Obijectives
* Max within network care
" g Co. .
— e Minimize cost

* Minimize distance
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Example: Pediatric evening coverage

Nashua NEWIL Y,

i Ipswich ( 1__3:3

iham %‘ E@' Louﬁ% R HociPg ® I H t H
1y, g ORI T nappropriate evening
) Leominster 2 y : weverir
7 ED ~S30
use (~S30m/year
@ Clinton
Hudson
R e A * Cross-coverage for
wﬂrc‘:ﬁdf Eﬁi Fr%i. . : f h
=% after-hours
Auburn @' %
@ Whitinsville %r MCIG.:E Hill % Rﬂﬂ%d %
Eranmin didiife kton Pembroke Pruui%own
5 Uany abury
Eﬁ Waonsocket % % @d%ater [_j @ W ’] O
Wil & " cod oy el e
e H | Greenville Pawtucket T%W'“ @ W ’] e n
ingty, > Providence Er!r'sw'l’f:Harbor
| @ CFHHSTDE fg' @ Fre-E:thE\--n Wareham @Eﬂ%h ) W ’] e re
arrington B
! Warwick FE@V’EF Maricn aﬁ% % %
:ld East Crane Wildlife @ Hyannis Cennis Pert Lt ?
Greenwich B&d MaI'IEﬂEI':;EQ; & I
. Morth Portzmouth
K ﬁ' Kingstown (z8) %Budr o Falmouth

Category = 9 Cvs MinuteClinic 9 Urgent Care Center  '® PPOC Practice
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End-user tools (excel example)

Model in Words

Maximize: Coverage preferences |[: | = {reor e N
While: e LI g | =
Satisfying all demand )

12 Preferences

L
Ba I a n C I n g b u rd e n O n IVI DS 14 Monday Tuesday Wednesday Thursday Friday
15 Physician 1 2 3 5 1 4
16 Physician 2 1 5 2 4 3
17 Physician 3 5 2 4 3 1
18 Physician 4 4 1 3 E 2
19 Physician & 3 5 1 2 3
e 20 Physician & 1 4 5 3 2
Model In Math 21 Physician 7 3 2 4 1 5
22 Physician 8 2 1 3 5 4
23 Physician & 5 3 1 2 4
24
MGX Zl Z] CUXU 2:'55 Make Schedule
27
SUbjECt to 42 Schedule
44 Monday Tuesday Wednesday Thursday Friday
45 Physicianl |Off Off Working Off Off
Z — v . 26 |physicianz |off Working ot o ot
j X ) ] — ) l 47 [prysicinz |Working off off off off
. 48 Physician4 | Off Off Off Working Off
Z .. > S min v ” 23 |Physicians |of Waorking Off off Off
i X l ] - ] 50 Physiciang | Off Working Working Off Off
51 Physician? | OFf Off Off Off Working
B 52 Physician& | Off Off Off Working Off
Z . x . . < Smax v ] 53 Fhysician® | Off Off Off Off Working
LVl — 52| |roral
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7. Policy and clinical decision making

Expected Savings ~$200,00
500,000 —

Incentive policy analysis (readmissions)

1,500,000

CHOT Hospital A

Case 2: N = 3, 9 Break Points

Total Penalty
Savings

1,000,000

Net

g ROl between12%-64% “""‘\.._\__
z b - —
] Cost Effective Intervention Area T
= o ' ‘ "Readmissioh_Reduction’ ' ' ' '
ofe 20% 30% 40% 50% 60% 70% 80% 90% 100%
-500,000
Adjusted Los
Admission Revenue
Diabetes self-care adherence
0.20 - )
0.18 - System dynamics
0.16 | .
o4 behavior change model
> 012
E 0.10
= 008 |
& 0.06 -
0.04 -
0.02 -
0.00 -
<6 &7 78 89 910 1011 11-12 >12
HbALC

Discharge colonized

Treatment decision optimization

Quality of life

i Life Span =t .
Prosthesis Life = X
m K, =l
« Total joint
' replacement
decision and
timing
K, b - K,
;l 'r;‘ II. r-l
. ; A I_Y_“ i ! ' TA T
Waiting  |Recovering _Healthy Failed
Prosthesis Prosthesis
| Surgery I Death
Abx stewardship
— Many facilities in region SQ‘M'
Spread in \
| community { y .
BX ceates | Resistan -] ~ —— i
i&:‘lanl ! : iﬁ,hf;;,: to g /‘\ . - ."sth‘ \". {
bacteria e / hespit! i v ,:I.cmm'::ity ‘ O
Ste.'mrdahpl.- H < - N | -
EoiRy Infection 2 .
/ I.conrml g. I
t::?“ b ’Smn-'_p-ftms 4 I
{ i L carry infection =]
kinlacili‘t!_r ( \I
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History of |IE in HC
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Historical IE applications

Safety
Long history of application Access
: Clinical
n Do we just need more...? tnica
Meaningful use
Or do we need to do it differently...? Advanced / nuance
applications
Ops Res
Mgmt Support Doers > Assistors
|IE/OR
| EO R G rOWth Management Support,
Ut|||ty Costing. Information

Services

Demonstrating
Usefulness:

Scientific
Mgmt

Curiosity Phase

Growth in Applications

Methods Improvement of IE Techniques

(Adapted from
Sahney, JSHS, 1993,
4(1):3-17)

Scientific Management

1910 | \ | |
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1970s examples

Operating Room Usage

E ——— Actual Operating Time
7000F -—--— Predicted Most Probable Operating Time
—. — Predicted 30 % Confidence Level far
F Qperating Time ‘r'-\
E000
-
>
F] -
5 3
Z sooof
=
g
= 34000
£ 4
k= E
-] E
< 3000
2000F
0%—- 1 et b [] i o 0w v i1 0 oroso9 oy 4 [ | b1
5 L] 15 20 25 30 35 <0 50
Week
Block Scheduling (Staggered)
Tima in minutas
9 159 18a 10
|1 I\, Legend
1 v .
IV = Waiting time of patiencs
s [v | = nterview
& W W = Wiral signs
7 M) ro M-l =Medical studenrs
B R-1 o A-4 = Aexmidents
9 5 £ Attending medical staff
0
1" W -7 R-1
17 v M-8 R4
13 v M-l R-1
TR v -1 ; A4 s
15 ] v R-3 .
16 [ Med (5]
17 ¥ -1 R-1
. 18 v M3 R-1
g 19 W -7 j A-!
K v M-5 R-3
= v M5 Al
px W M-3 R-3
3 W M-4 R-l
14 W R-1
5 W B M6 R-1
2 v M7 T
7 W R-3

Ergonomics

ALK

A L / s
Mattress
height
=33.8"
2¢ Range
36.7 -~ 43.9"
20 Range
28.4 — 34.8"
{ Floor )
Capacity Planning
TABLE 14-1. Facilities Required for Maternity Service
90% Service 95% Service
beds beds beds
Admis- per 100 per 100 per 100
sions patients patients patients
peryr beds per yr beds per yr beds per yr
580 13 2.24 14 2.42 17 2.93
1693 KX] 1.94 5 2.07 40 2.36
211 51 1.84 54 1.95 60 2.17
3874 70 1.81 73 1.88 80 2.06
5000 89 1.78 93 1.86 102 2.04
5506 98 1.78 102 1.85 110 2.00
6106 110 1.80 114 1.86 122 2.00
7229 124 1.72 128 1.76 135 1.87
8161 145 1.78 150 1.84 160 1.96
9424 165 1.75 170 1.82 180 1.91

*LR = Labor rooms; PPR = Postpartum rooms; CSR = Caesarean section rooms; DR = Delivery rooms
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Nurse rotations - IP (H. Wolfe, 1965)
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FIGURE 4-1. Frames from early Gilbreth film depict motion study of a surgical procedure.
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(By permission from the Society for Advancement of Management. )
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Surgical Demand Scheduling: A Review

By James M. Magerlein and James B. Martin

This article reviews the literature on scheduling of patient demand for
mgﬂ'jﬂdﬂuﬂinum:ppmﬂmimpmﬁngml ' o8
pital surgical suites. Reported scheduling systems e
that schedule patients in advance of the nmg:ul dm.- a 1978 ile
available patients on the day of surgery. ‘gz;:-:ba cal
procedure times are also reviewed, and the concludes with a discushon
of the failure to implement the majority of reported scheduling schemes.

During the past decade, considerable work has gone into the
development of less-costly hospital systems that can also maintain or
even improve the associated quality of care. The surgical suite, which
has only recently received attention, is a potentially major area of
hospital cost containment for two interrelated reasoms: (1) sugical
suites generally have high costs and historically low fadlity and/or
personnel utilization rates; and (2) surgical patients provide a signif-
icant portion of the demand served by other hospital departments.
To realize the full potential for cost containment, surgical suite
management policies must consider both the surgical suite itself and
its interactions with other areas of the hospital. The primary benefits
to be derived from improved management policies would result from
better coordination of the demand for hospital services by sur
gical patients and the levels of resources provided—beds, operating
proved coordination of demand and supply would allow resource
m&uﬂiﬂnandwauldlimitpnininfmufrmwmthmm

ing hospital costs and for improving the quality of care.

There are four basic approaches to achieving improved coordi-
nation of demand and supply:

1. Providing the proper levels of resources. Examples include the
number of operating rooms within the surgical suite and the

Address communicalions and reguests for reprinis to James B, Martin, Assistant
Professor, i and Bureau of Hospital Administration, University of Michigan,
School of Public Health, 1920 Washington Heights, Ann Arbor, MI 45104, At the
time this article was written, James M. Magerlein was research assistant with the
FProgram and Burest of Hospital Adminisiration, of Michigan. He received
hix Ph D, degree there and is now employed by the Upjokn Company.

001 7-9124,/76,/04041 816, $02.00,0
® 1978 Hospital Research and Educational Trust
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Healthcare and IE today

Lots of basic CQI methods + Some more advanced methods
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