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IBIS UvA: many hospitals are clients

Deventer HospitalRed Cross Hospital
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Effective Healthcare: Two Parts

Effective Healthcare

Effective Healthcare: Two Parts

Effective Healthcare

(1) (2)

Develop effectiveDevelop effective

( ) ( )
Medical Science Medical Management

Develop effective
systems for delivering 

the methods, treatments 
d di ti

Develop effective
methods, treatments 

and medications

The medical profession has done extremely well on issue #1

and medicationsand medications

The medical profession has done extremely well on issue #1.
We have done less well on issue #2.

3 (joint work with Jaap van den Heuvel and Søren Bisgaard †)

Healthcare Quality: Waiting!Healthcare Quality: Waiting!
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Healthcare Quality: Expectations!Healthcare Quality: Expectations!
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Healthcare Quality: Efficiency!Healthcare Quality: Efficiency!
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Healthcare Quality: Patient Safety!Healthcare Quality: Patient Safety!
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Healthcare QualityHealthcare Quality

Observations

• Worldwide the cost of medical care is increasing at anWorldwide the cost of medical care is increasing at an
alarming and unsustainable rate

• A significant source of healthcare cost increases can 
broadly be characterized as operational inefficiency. 

• Outdated (pre-industrial) organizational structures
N i t t t d d• New expensive treatments and procedures

• An aging population
• Competition and Globalization (e g medical tourismCompetition and Globalization (e.g. medical tourism,

services that can be performed remotely, low-cost 
competitors, retail healthcare)
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Effective Healthcare DeliveryEffective Healthcare Delivery

Remedies

• Improving the quality and safety of care
• Reducing the direct cost of careReducing the direct cost of care
• Improving the efficiency of healthcare administration, 

logistics and the operational side of the healthcare 
delivery system

• Make affordable medical services available to a larger 
t f th l tisegment of the population

Healthcare can learn from how other industries andHealthcare can learn from how other industries and
sectors of the economy have dealt with competition,
market pressures and change

9

market pressures and change

Process Impro ementProcess Improvement
in Healthcarein Healthcare

10



Process managementProcess management

Design for Six Sigma (2000 )

L Si Si BPM

Design for Six Sigma (2000–)
Design for Lean Six Sigma (2008–)

Lean, Six Sigma, BPM,
Workflow management (1990– )

Taylor GanttQuality and process control

TQM, BPR (1980–2000)

Taylor GanttQuality and process control
(1920–1950)

Scientific management (1880 1920)Scientific management (1880–1920)

Process management

11
Ohno

IshikawaShewhart Juran Deming

Process management

Top Level Definition of Quality: Fitness of Use
Subsidiary Definitions of Quality:

F t T i ll t

Top Level Definition of Quality: Fitness of Use

- Features: Typically cost more
- Freedom from Deficiencies: Typically cost less

Quality:
Fitness for UseFitness for Use

Delivery Quality:
Freedom from

Design Quality:
Freedom from

Deficiencies and WasteImproved Features

12



Improved Quality: The Business Case
Larger Patient Volume

+ Improved

Improved Quality: The Business Case

Improved
Features

Higher Revenues

+ Improved
Revenues

Improved
Quality Improved ProductivityQuality p o ed oduct ty

And Cycle Time

– Reduced 
Costs

Reduction of 
Deficiencies

Reduced Errors and 
Waste

Reduced Number of
Readmissions

= Higher
Profit

13

Readmissions Profit

The Special Position of the PatientThe Special Position of the Patient
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A Systems View of Process: Four Key Sub-functions

Process Management

A Systems View of Process: Four Key Sub-functions

Process Management

Process
Improvement

(=DMAIC)

Process
Control

Process
Planning
(=DfSS)

Process
Assurance

Development ImprovementSystems Providing

(=DMAIC)(=DfSS)

p
of New 

Products and 
Processes

p
of Existing 

Products and 
Processes

y
Monitoring and 

Control;
Securing

g
Reliable
Evidence

about FiguresProcesses ProcessesSecuring
Consistent

Value Delivery

about Figures
to

Stakeholders
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Process Improvement in HealthcareProcess Improvement in Healthcare

Lean Six Sigma

Projects run by people with understanding of the 

Lean Six Sigma

j y p p g
process and problem at hand

Problems are defined in a crystal clear, 
operational form

Emphasis on quantification

Data-based diagnosis and testing of ideas and 
improvement actions

16

improvement actions



DMAIC methodDMAIC method

1 Define the CTQs

Define

Measure 1. Define the CTQs
2. Validate the measurement procedures

3 Diagnose the current processAnalyse 3. Diagnose the current process
4. Identify potential influence factors

I 5 Establish the effect of influence factorsImprove 5. Establish the effect of influence factors
6. Design improvement actions

C t l 7. Improve process controlControl 7. Improve process control
8. Close the project

17
Lean Six Sigma breakthrough cookbook

Project definition
Problems

Project definition

€
$$ Financial

perspective

Voice of the customer

ClientClient BankBankClientClient BankBank

2. Project 
proposals

ClientClient

Lead timeLead time

BankBank

MistakesMistakes

Queue 
times

Queue 
times

Internal
reloops
Internal
reloops

External
reloops
External
reloops

Oper. costsOper. costs

Processing
times

Processing
times

FteFte

ClientClient

Lead timeLead time

BankBank

MistakesMistakes

Queue 
times

Queue 
times

Internal
reloops
Internal
reloops

External
reloops
External
reloops

Oper. costsOper. costs

Processing
times

Processing
times

FteFte

Process overhaul

timestimes reloopsreloops reloopsreloops timestimestimestimes reloopsreloops reloopsreloops timestimes

Strategy

3 P j t

18 1. Project identification
3. Project
selection



Project selection: Cost breakdownProject selection: Cost breakdown.

The categories mentioned may give rise to writing a business case.g y g g

Numbers of  
2010 in MLN 

Ohterwise Debits Costs of staff Temp Personnel

Soc. security 62

dollars. In 
parenthesis the 
change w.r.t. 
2009

Total costs
535

123 (5%) 30 (7%) 382 (7%)

Salaries 287

Temp Personnel
21 (200%)

2009

Miscellaneous

Miscellan.
4

(-100%)

Building
12

(73%)

Facilities
17

(7%)

Costs of patients
90

(13%)

Rent 2 12

- Cleaning 5
- Food 4
- Linen 4

- Training 5
- Travel 2
- Bonus 2
Recruitment 3

- Energy 7
- Maintenance 5

- Rent 2
- Other 2 - Medication 18

- Blood 18
- Implants 18

Bandage 3

19

Linen 4
- Furniture 3
- Transport 1

- Recruitment 3- Bandage 3
- Materials 6
- Laboratory  13
- Instruments 14

Project execution: standardized approachProject execution: standardized approach

Hospital City Type Beds Projects

Lange Land Hospital Zoetermeer (NL) general 245 9

Red Cross Hospital Beverwijk (NL) general 384 18

Deventer Hospital Deventer (NL) teaching 477 14Deventer Hospital Deventer (NL) teaching 477 14

Virga Jesse Hospital Hasselt (B) teaching 567 29

Canisius Wilhelmina Hospital Nijmegen (NL) teaching 635 37

Reinier de Graaf Healthcare Group Delft (NL) teaching 881 28

Erasmus Medical Centre Rotterdam (NL) academic 1221 19

University Medical Centre Groningen (NL) academic 1339 112

Others - general - 5

20



Project execution: standardized approachProject execution: standardized approach

Strategic focal point

CTQ

g p

Project objective 1 Project objective 2CTQ
flowdown

j j j j

CTQ 1 CTQ 2 CTQ 3 CTQ 4

O ti l
- Measurement 

Operational
definitions of 

CTQs

procedure
- Measurement entity
- Goal

21

Project execution: standardized approachProject execution: standardized approach

Pareto Chart of Lean Six Sigma Projects (N=271)
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Total 965 51 41 34 30 21 10 10
Percent 3.324.0 18.8 15.1 12.5 11.1 7.7 3.7 3.7
Cum % 100.024.0 42.8 57.9 70.5 81.5 89.3 93.0 96.7



Project execution: 9 templates for the first stepsProject execution: 9 templates for the first steps.
Type 1: Reduce costs by improving 
utilization of equipment/facilities
Stakeholder Hospital

Type 2: Reduce costs by 
improving productivity of 
personnel

HospitalStakeholder

Type 3: Reduce costs by 
improving purchasing processes

Operational costs

Reduce # units 
needed

% of items 
unavailable due to 

Project 
objective

CTQ

Strategic 
focal point

Reduce manhours 
lost searching

% of items 
missing

Improving productivity
of personnel 

Personnel costs

Stakeholder

Project 
objective

Hospital

Strategic 
focal point

The right functional 
level of personnel

Operational costs

Improve effectiveness 
of purchasing

N b f d d tP h i

Project 
objective

Strategic 
focal point

Improve efficiency 
of purchasing

Total administrativemaintenance, 
cleaning, repair

Q g
Processing time 

per task
Time lost on 

irrelevant activities
CTQ Idle time due to 

overstaffing
Weight of the 

task
Number of redundant

purchases
Purchase price 

and terms
CTQ Total administrative

burden (man-hours)

Type 4: Improve safety by 
reducing complications

HospitalStakeholder Patient

Type 5: Reduce costs by 
reducing unnecessary use of 
resources

Type 6:Reduce costs by 
reducing inventory
Stakeholderp

Safety

Reducing
complications

Project 
objective

Strategic 
focal point SatisfactionCost

Hospital

Operational costs

Reducing waste 
of  resources

Stakeholder

Project 
objective

Strategic 
focal point

Hospital

Operational costs

Reducing inventory

Stakeholder

Project 
objective

Strategic 
focal point

Avoid out-of-stock 
occurrences

Delays, suboptimal care, 
dissatisfaction

Patient

Failures 
(infections, wrong medication or dose, 

mistakes during surgery, etc.)

CTQ
Wasted materials 

(units)
CTQ Wasted energy 

(euro)
Wasted staff-

time (manhours)
Safety stock 

levelObsolete stockCTQ Order size (cycle 
stock level)

Type 7: Increase revenue by 
improving registration Type 8: Increase revenue by 

increasing number of admissions

Type 9: Increase revenue by 
increasing capacity
Stakeholder Hospital Patient

Hospital

Revenue

Reduce admin.
burden (manhours)

Stakeholder

Project 
objective

Strategic 
focal point Cost

Reduce missed 
revenue

Reduce 
time-to-revenue

Revenue

Increasing capacity 
(number of admissions)

increasing number of admissions

KPI

Stakeholder

Project 
objective

Hospital

Strategic 
focal point

Waiting time 
before admittance

Patient

Processing time
Number of 
productive

Increasing capacity 

Revenue

Project 
objective

CTQ

p

Number of units in use 
(O ’ )

Strategic 
focal point

Waiting time 
before admittance

23

CTQ Mistakes Length of stay Bed occupation (%) or
Number of clinical intakes

CTQ

Processing timeproductive
hours

Preparation time for 
main process

Processing time main 
process 

Number of 
rework/mistakes

Q
(Operation rooms, ER’s)

Examples: projects with impactExamples: projects with impact.
Projects w.r.t. Fte reduction:

• Salaries hospital 2009: 287 million dollars; 6430 Fte’s

• Mobility in personnel 2009: about 550 Fte’s.

R di f i ti l i i ht i th ti iti ( i f• Recording of processing times reveals insight in the activities (e.g. in one of
the units 38,5% of the available time was not spent on the patients).

• Almost 50% of the projects within the financial service has to deal with Fte p j
reduction.

• Reference: Wijma et al. (2009), Quality Engineering 21, 222-228.

• About 30% of the Length of Stay in a hospital is due to an inappropriate 
di h d

Projects w.r.t. Length of Stay:

discharge procedure.

• Reducing the inappropriate stay by 50% means 15% extra admissions or 
closing beds.

24

g

• Reference: Niemeijer et al. (2010), Journal of Trauma 69(3), 614-619.



Examples: projects with a big impactExamples: projects with a big impact.
Projects w.r.t. use of materials:

• Costs of medicines in an academic hospital in 2009: 18 million dollars.

• Reduction with 5% is almost 1 million dollars.

• Example: the difference in price of the use of antibiotics with or without 
infusion is substantial.

• Reference: Van den Heuvel et al (2004) Quality and ReliabilityReference: Van den Heuvel et al. (2004), Quality and Reliability
Engineering International 20, 419-426.

• A CT scan takes about 6 minutes. This means that one may run 10 CT 
scans per hour.

Projects w.r.t. optimal use of facilities:

scans per hour.

• In most hospital the average number of CT scans per hour is about 3 to 4.

• Hence doubling is possible!

25

g p

• Reference: De Mast et al. (2011), To appear in Quality and Reliability 
Engineering International .

Lean Six Sigma
In PracticeIn Practice

26



Lean Six Sigma: Does it Work?Lean Six Sigma: Does it Work?

700

600

500

300

400

300
2000 2001 2002 2003 2004

RCH Reference group Dutch average (gen. hospital + top class clinic)

27 Results after 5 years in the Red Cross Hospital 

Lean Six Sigma: Does it Work?Lean Six Sigma: Does it Work?
• 20 Black Belts; 73 Green Belts

• 147 projects resulted in 15 million euros savings

• Generalization of the results will result in an additional 30

BB GB

Generalization of the results will result in an additional 30
million euros savings

16

18

20

BB GB
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Maturity grid of Lean Six SigmaMaturity grid of Lean Six Sigma
5. Operational

Excellence

- LSS integrated 
throughout

- LSS integrated 
in organisation 
structure,
culture and

3. Way of
Working

4. Integrated
Excellence

- More projects 
and support

2. More 
Visible

- Increase in 
scale

- LSS standards 

throughout
company

- Part of strategy 
and decision-

culture, and
procedures

- Second nature
- Permanent

Working

1. Project-
based

- Pilot projects
- Learning by 

doing

and support
- Program
- Project 

selection with

known
throughout
company

making

- Involve all 

Permanent
financial impact

- Keep LSS new 
and interestingsu

lts

based

- Ad hoc 
initiatives

- Support in

selection with
focus

- Set up program
- Projects with

- Consistent 
application

- Make results 

company
divisions

- Integrate LSS 
in organisation

- Continue 
applying LSS, 
even after 
changes such

R
es

Support in
organisation

- Project 
selection

Projects with
high benefits

- Clear vision
- Create capacity

visible
- Maintain 

enthusiasm

in organisation
structure,
culture, and 
procedures
LSS t i i i

changes such
as growth and 
acquisitions

E
na

bl
er

s

29

- Capable people
p y

- LSS training in
MD program

E

Healthcare
E i iEngineering

Flow in Healthcare Processes
Overall Resource Efficiencyy

30 (joint work with Jeroen de Mast and Benjamin Kemper)



Macro and micro processes

Financial 

Intensive treatment: high emergency

WorkloadWorkload
Q-timeQ-time

WorkloadWorkload
Q-timeQ-time

ac o a d c o p ocesses

Patient
file

Admin

Intake

Capacity
Throughput

Capacity
Throughput

Capacity
Throughput

Capacity
Throughput

Micro process:
Workload
Capacity

Throughput

Workload
Capacity

Throughput

Q-timeQ-time
Workload
Capacity

Throughput

Workload
Capacity

Throughput

Q-timeQ-time

Surgery

Administrate medical and financial information

And

Micro process:
Primary patient, medical 
support, and nonmedical 

t Workload
Capacity

Throughput

Q-time
Workload
Capacity

Throughput

Q-time
Workload
Capacity

Throughput

Workload
Capacity

Throughput

Q-timeQ-time
Workload
Capacity

Throughput

Workload
Capacity

Throughput

Q-timeQ-time
DelayDelay

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Q-timeQ-time Scheduling
Workload
Capacity

Throughput

Workload
Capacity

Throughput

DelayDelay
Q-timeQ-time

Or
WorkloadWorkload

Q-timeQ-time Scheduling
WorkloadWorkload DelayDelay

Q-timeQ-time

Surgery

Bone fracture

Workload
Q-time

Workload
Q-time

WorkloadWorkload
Q-timeQ-time

WorkloadWorkload
Q-timeQ-time

DelayDelayWorkload
Q-time

Workload
Q-time

WorkloadWorkload
Q-timeQ-time

WorkloadWorkload
Q-timeQ-time

DelayDelay

Intermediate room and easy treatment

DelayDelay

support processes

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Q-timeQ-time Scheduling
Workload
Capacity

Throughput

Workload
Capacity

Throughput

DelayDelay
Q-timeQ-time

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

DelayDelay

…

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

DelayDelayWorkload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Workload
Capacity

Throughput

DelayDelayDelayDelay

WorkloadWorkload
Q-timeQ-timeScheduling

WorkloadWorkload
Q-timeQ-time

DelayDelay

Patient discharge

Macro process:
The entire patient trajectory

31

And
DelayDelay

Capacity
Throughput

Capacity
Throughput

Capacity
Throughput

Capacity
Throughput

yy

Workload
Capacity

Throughput

Workload
Capacity

Throughput

Q-timeQ-time
Workload
Capacity

Throughput

Workload
Capacity

Throughput

Q-timeQ-time
DelayDelay Workload

Capacity
Throughput

Workload
Capacity

Throughput

Q-timeQ-time
Workload
Capacity

Throughput

Workload
Capacity

Throughput

Q-timeQ-time
DelayDelay

Administrate medical and financial information

Capacity calculations

FTR1 = 90%

2 
p/

d

Capacity calculations

Task 1: Treatment

Ok?
E

TP
A

= 
3.

2

Task 1: Treatment

Resource II: 
A th ti t

Resource III: 
A i t t

Resource IV: 
F iliti

Resource I: 
S

= 
3.

6 
p/

d

Queue

Anesthetist

TotTII: 4 h/d
NII: 1
CTII: 0.5 h/p

Assistant

TotTIII: 9 h/d
NIII: 1
CTIII: 1 h/p

Facilities

TotTIV: 4 h/d
NIV: 1
CTIV: 1 h/p

Surgeon

TotTI: 6 h/d 
NI: 1
CTI: 1 h/pA

= 
4 

p/
d

= 
4.

4 
p/

d N
TP

1

Q time: 

CTII: 0.5 h/p
PCapII: 8 p/d
=============
AVII: 100%
FTRII: 90%
ECap : 7 2 p/d

CTIII: 1 h/p
PCapIII: 9 p/d
=============
AVIII: 100%
FTRIII: 90%
ECap : 8 1 p/d

CTIV: 1 h/p
PCapIV: 4.0 p/d
=============
AVIV: 100%
FTRIV: 90%
ECap : 3 6 p/d

CTI: 1 h/p
PCapI: 6 p/d
=============
AVI: 83.3%
FTRI: 90%
ECap : 4 5 p/d

E
W

L A

N
W

L 1

ECapII: 7.2 p/d
EUtII: 45%

ECapIII: 8.1 p/d
EUtIII: 40%

ECapIV: 3.6 p/d
EUtIV: 90%

ECapI: 4.5 p/d
EUtI: 72%

32

h/d = hours per day;   h/p = hours per patient; p/d = patients per day



Metrics on task level
100% – FTR%

e cs o tas e e

Task: MRI-Scan
Staff

P-Cap: … pat / day
A % %Room TP: pat / dayAv%: … %
FTR%: … %
SE%: … %
–––––––––––––––-
T-Cap: … pat / day
TP: … pat / day

Room
P-Cap: … pat / day
Av%: … %
FTR%: … %
SE%: … %
–––––––––––––––-

Machine
P-Cap: … pat / day
Av%: … %
FTR% %

Ok?N-WL: … pat/day

TP: … pat / day

p y–––––––––––––––-
T-Cap: … pat / day
TP: … pat / day

FTR%: … %
SE%: … %
–––––––––––––––-
T-Cap: … pat / day
TP: … pat / day

N-WL: nominal workload (scheduled and unscheduled)
P-Cap: potential capacity P-Cap = N TotT / CTp p p y p
Av%: availability (accounts for time lost due to cleaning, maintenance, etc)
FTR%: first time right percentage (accounts for rework)
SE%: synchronization efficiency (accounts for time lost waiting for other

33

SE%: synchronization efficiency (accounts for time lost waiting for other
resources to become available)

T-Cap: true capacity T-Cap = Av% × FTR% × SE% × P-Cap

Diagnostics on task levelag os cs o tas e e

Improving the capacity of a bottleneck resource
T-Cap = Av% × FTR% × SE% × N × TotT / CT

- Improve availability Av% (less downtime)
- Improve FTR% (less rework)
- Improve synchronization efficiency SE%
- Increase the number of resources N
- Increase the total worktime TotT

Reduce cycle time CT (shorter processing time or faster changeovers)- Reduce cycle time CT (shorter processing time or faster changeovers)

Identify wasted resourcesy
TP = Av% × FTR% × SE% × T-Ut% × P-Cap

Throughput equals potential capacity multiplied by 4 efficiency factors.
- Low availability Av%: capacity is wasted due to downtimeLow availability Av%: capacity is wasted due to downtime
- Low first time right FTR%: capacity is wasted due to rework
- Low synchronization efficiency SE%: capacity is wasted in synchronization 

idle time (waiting for other resources to become available)
L t tili ti T Ut% it i t d i idl ti b th

34

- Low true utilization T-Ut%: capacity is wasted in idle time because the
workload is lower than the true capacity T-Cap



From tasks to micro processes
Micro process A
TCapA
SE TP

2FTR2 = FTR1

From tasks to micro processes

SEA

Ok? TP
A

NTP

FT
R

2
×

N
T

= 
E

TP
2

(100% – FTR2) × NTP2

Task 1 Task 2

NTP2

Resource I

QueuePCapIII
ECapIII
EUt

Resource II

PCapIII

Resource IIIQueue

Resource IV

PCapIII
ECapIII
EUt

Resource V

PCapIII

Resource VIW
L A

N
W

L 1

TP
1

= 
N

W
L 2

E
W

L 1

Q time: EUtIII
III

ECapIII
EUtIII

PCapIII
ECapIII
EUtIII

Q time: 
EUtIII

pIII
ECapIII
EUtIII

PCapIII
ECapIII
EUtIII

N
T

Tasks are part of micro processes.
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The ECaps of the resources in the tasks determine 
the capacity of the micro process.

From micro to macro processes

CV dd

From micro to macro processes
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Synchronization queue:
After a “fork-join”-queue there is waiting time until
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After a fork-join -queue there is waiting time until
both branches have been completed.
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