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Objectives  

• Consider applying industrial engineers in the laboratory.  

 

• Discuss how typical industrial engineering curriculum can be applied 
to your laboratory.  

 

• Observe real laboratory examples of how industrial engineering 
principles are creatively applied in context in the laboratory. 
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National health expenditures per capita 
Healthcare spending in 2004  
was 17.6 times 1970 levels 

Consumer Price Index 
Consumer prices in 2004,  
as measured by the CPI, were 
4.9 times 1970 levels 
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Challenges 

Employees: 3,000+ 

Specimens: 30,000–50,000/day 

Test Menu: 3,000+ tests and test combinations 

Organization: 7 Divisions, 50 labs 

ARUP Managed  
Hospital Labs: 

University of Utah and Huntsman Cancer Hospital 

Clients: University hospitals, children’s hospitals, multi-hospital 
groups, major commercial laboratories, group purchasing 
organizations, military and government facilities 
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Continuous Improvement History  

• A solid background in continuous improvement embraced since 
inception (1984) 

• Provided governance in the early 1990s with a continuous 
improvement board 

• Strives for an integrated environment with an emphasis on 
standardization and flexibility 

• Efforts made to: 

– Physically configure labs to facilitate the flow of specimens 

– Use our workforce as efficiently as possible 

– Ensure our processes maximize efficiency 
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Continuous Improvement History 

• Found merit in LEAN philosophies with specific projects 

• Used industry consultants, including industrial engineers, and 
regularly found a lack of laboratory context 

• In mid-2000s decided to bring in industrial engineers as full-time 
employees 

• Industrial engineers have come to understand the laboratory and are 
able to apply LEAN in context 
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Barriers 

Some asked: 
 

• What do industrial engineers or manufacturing engineers know 
about laboratories? 

• Laboratories are not manufacturing or industrial plants. 

• We do not make a widget. 

• How will the expertise or training of an industrial or manufacturing 
engineer apply to my laboratory? 
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Industrial Engineering 

• Statistics 

• Manufacturing Design & Processes 

• Manufacturing Systems  

• Industrial Engineering Design  

• Simulation  

• Production Planning and Control  

• Cost Analysis   

• Materials Handling 

• Automated Manufacturing 

Manufacturing Engineering 

• Quality Systems 

• Process & Systems Design 

• Manufacturing Systems 

• Design for Manufacturing 

• Manufacturing Simulation 

• Project Management 

• Engineering Economics 

• Information Systems 

• Automation 

Typical Engineering Curriculum 
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House of LEAN 

Quick Changeover 

Standardized Work Batch Reduction Kaizen 

Quality at Source 

5S System Visual Plant Layout 

POUS 

Cellular/Flow Pull/Kanban TPM 

Value 
Stream 
Mapping 

Continuous Improvement 

Process Design 

10 



All-or-Nothing Philosophies 

“LEAN does not simply work by employing one or even a couple 
elements of the LEAN philosophy.”   

―J. Oliver, Ball State University 

 

 

“The key to making the transition to a LEAN organization is the 
fundamental change in the corporate culture that must be made.” 

―Infor Healthcare Essentials 
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Roadblocks to LEAN Laboratories 

 

• Laboratories are different than other industries. 

 

• LEAN cannot be applied to the laboratory out of context. 

 

• Quality must be a priority over efficiency in the laboratory. 
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Our LEAN Philosophy 

“Sadly, we’ve watched other firms set off full of vision, energy, and high 
hopes, but make very little progress because they went tearing off 
after perfection in a thousand directions. Select the two or three most 
important steps…defer the other steps until later…doing one thing at a 
time…until completion….”   

―Lean Thinking: Banish Waste and Create Wealth in Your Corporation, 
Womack and Jones 

13 



Leadership in the Lab 

• Seven division managers and 25 group managers have the 
responsibility to continuously improve their laboratories. 

 

• Meet with division managers and group managers quarterly to 
consider how improvement engineering is or can better assist them 
in their areas of responsibility. 
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Engineering Utilization 
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Snapshot 
of whom 
we are 
helping 



Types of Offerings 

• Space 

• Waste elimination 

• Facilitation 

• Statistical analysis 

• Small tool engineering 

• Training 

• Quality 

• Documentation 

• Other 

Resource Utilization 
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House of LEAN 

Quick Changeover 

Standardized Work Batch Reduction Kaizen 

Quality at Source 

5S System Visual Plant Layout 

POUS 

Cellular/Flow Pull/Kanban TPM 

Value 
Stream 
Mapping 

Continuous Improvement 

Manufacturing Design & Processes 
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Waste-Elimination Events 

18 



OTHER 
BENCH

SORT GATHER 
SUPPLIES

QC LOG RETURN OR 
DISCARD BTS

SPOT PATIENT 
TARGETS

ADD MATRIX PREP MALDI ANALYZE MALDI TRIAGE RESULTS MANUAL REPEAT FULL RESULT 
REVIEW

MALDI AID STORE FILE ENTER DATA 2ND TECH 
VALIDATION

SEND PLATES 
TO __________

95' 75' 75' 11' 0' 11' 19' 19' 0' 19' 0' 0' 0' 19'

NETWORK MILLENIUM MALDI REFERENCE 
CHECK

CURRENT STATE
VALUE STREAM MAP
BACTERIOLOGY maldi

343'

MISDELIVERY 
OF SPECIMENS

NON-
STANDARD 

SORT

DISORGANIZED 
SUPPLIES

RUN SIZE
TOO BIG

MANUAL QC 
LOG NON-STANDARD 

SPOT TARGETS 
PROCESS

TRAY MAP 
INEFFICIENT

MANUAL
PROCESS

DISORGANIZED
INSIDE HOOD

AWKWARD
SHARPS 

CONTAINER
IN HOOD

POOR
VISIBILITY
IN HOOD

TOO MUCH
PAPER
IN THE

PROCESSES

LACK
VALIDATION
SUPPORT

DISTRACTING 
NOISE FROM 

ADJACENT LAB

CONGESTED AND 
INEFFICIENT 

SPACE DESIGN

SUPPLIES NOT 
STORED
NEAR BY

DUPLICATE
DATA

MANUAL DATA
ENTRY

UNDEFINED
REPEAT

CRITERION

MATRIX REAGENT 
NOT ON A 

SCHEDULE

ISSUES 
OPPORTUNITES 

FOR CHANGE

KEY:

Victor

:74
:260

:42

 

:613

 

:00

 

:250

 

:153

 

:237 :2619

  

:28

 

:19

 

:682 :301

 

:143

 

:8500
:658:02:06 :02 :52 :23 :12 :47 :03 :12 :201:18:20:00

:3340

14 14 14 14 13 13 14 14 14 14 14 13 13 13 14 14

0'

No Technologist 
Available for 
Validation

Waste-Elimination Opportunities 

Trouble Bubbles 

19 



Waste Elimination: Kaizen 

Kaizen Bursts 
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Waste Elimination: Kaizen Priorities 

With Priorities 
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Kaizen 
Priorities with 
Assignments 
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Waste Reduced 
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Space Design 
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Facilities Organization Umbrella 

• Skilled with 2D CAD space layouts 

• Industrial engineers able to manipulate the facilities drawings 

• Design with efficiencies in mind 

• Hand off to construction manager 

• Member of corporate space committee 
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Typical lab 
reconfiguration 

 

Current 
Layout with 
Traffic Flow 
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Traffic in lab 
reduced by 29% 

New 
Layout with 
Traffic Flow 
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Current Layout with Traffic Flow 

29 



New Layout with Traffic Flow 
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Traffic in lab reduced by 27% 



Turn space projects into 
waste elimination projects. 

Space vs. Waste Elimination 
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Batch Reduction 
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Batch Reduction 

20–30 Count Batch Size 

Sweet Spot 
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Batch Reduction 
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Batch Reduction 

Specimens 
tested and 
reported up to 
a full day 
earlier. 

Waiting “open” 
time reduced 
by 85%. 

Capacity increased 
by 82%. 
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Kaizen Bursts 
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Solid Modeling of Sliding Bins 
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Linear Bin Engineered Solution 

Standardized 
Bins 

With Visual 
Control 
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Received and prepared for transport 

Prepared to be  
picked up 

En route 

Arrived at Central Facility and 
sent to lab 

Lab received for processing 

ID Processing Courier University Hospital Lab 
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Elapsed Time from Receipt at the  
Hospital to Arrival in the Lab 

Defects 89.5% 

Significant Outliers 

Elapsed Time Goal 

Transit time was a barrier to: 

• New test development 

• Timely result reporting 
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Pilot Study 

Defects 12.8% 

Elapsed Time Goal Elapsed Time Goal 

Samples longer than target time dropped 85% 
Mean transit time dropped 60% 
Cut maximum time by 75%  
Cut minimum time by 64%  
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Defects 89.5% 

48 



Industrial Engineering 

• Statistics 

• Manufacturing Design & Processes 

• Manufacturing Systems  

• Industrial Engineering Design  

• Simulation  

• Production Planning and Control  

• Cost Analysis   

• Materials Handling 

• Automated Manufacturing 

Manufacturing Engineering 

• Quality Systems 

• Process & Systems Design 

• Manufacturing Systems 

• Design for Manufacturing 

• Manufacturing Simulation 

• Project Management 

• Engineering Economics 

• Information Systems 

• Automation 

Typical Engineering Curriculum 

49 



50 



Pairing project 
managers with 
industrial 
engineers 
improves the 
likelihood of 
project success. 

The project 
specialist has an 
established rapport 
with the lab. 

The project 
specialist can be 
the industrial 
engineer’s link 
to the lab. 
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Current 
Specimen 
Routing 
Automation 
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• Switch yard 
maintenance and 
downtime 

• Large 
maintenance 
contracts 

• Routing software 
through vendor 

Current 
Specimen 
Routing 
Automation 
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• Track vendor 
supplied sorters 

• Acquire spare 
parts through old 
customers and 
hoarding 

Current 
Specimen 
Routing 
Automation 
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• Experienced 
industrial 
engineers 
provided 
confidence with 
the in-house 
automation 
initiative. 

New 
Specimen 
Routing 
Automation 
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• Industrial engineers 
designed the new 
track configuration 
and the new robotic 
specimen handling 
systems. 

• New track 
programmed by  
in-house talent. 

New 
Specimen 
Routing 
Automation 
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Specimen Sorters 
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Specimen Sorters 

59 



Specimen Sorters 
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Specimen Binders 
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Specimen Binders 
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Optical Character Recognition (OCR) 
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Optical Character Recognition 

64 



Storage Sorters 
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Decapper Cappers 
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Focus on: • Pre-analytic processes: 

– Pick and place binders 

– Sorters 

– Storage sorters 

– Decappers 

– Optical character recognition (OCR) 

• Post-analytic processes: 

– Storage sorters 

– Cappers 

• Tool design 

Other Automation 
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Tool-Design Projects 
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Conclusion 

• Industrial engineers apply their educational curriculum in the lab while 
implementing the tools of LEAN. 

• Reporting is under facilities organizational umbrella. 

• Engineers will thrive and have an impact in the lab environment as 
they are able to implement engineering technologies. 

• Lab can benefit from short and long-term wins. 

• The industrial engineer who understands the laboratory can effectively 
apply LEAN/Six Sigma and engineering principles in context. 
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Conclusion 

“We have developed an effective strategy for applying industrial 

engineering or manufacturing engineering concepts in the laboratory; 

while our process includes some typical applications, it also includes 

many atypical applications of industrial engineering principles used in 

our laboratory.” 

―ARUP executive 
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Open Discussion 
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