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Application of lean initiatives in the 
preanalytic, analytic and post-analytical 
phases of surgical pathology lab with a 
special emphasis on new technologies 
and use of informatics tools with an 
overall goal of error reduction and 
process improvement in surgical 
pathology.
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What I want to emphasize today:



Objectives of this talk:

 Introduction and Definitions
Lean Processing fundamentals
Discuss the role of LIS in lean processing in 

surgical pathology
Use informatics tools (eg, bar coding, 

synoptic reporting, QA assessment tools) to 
help the pathology laboratory be more 
efficient

LIS trends of the future



INTRODUCTION



Patient InvolvementArtificial Intelligence

Medical Information 
Overload

Digitization of Healthcare
SURGICAL 

PATHOLOGY IS 

TRANSFORMING



DEFINITIONS

 Pathology Informatics IS the study (using computers
as tools) of how data is acquired, stored, processed,
retrieved, analyzed & presented in such a way as to
turn the data into information

 Pathology Informatics IS NOT anything that has to do
with computers &/or information technology (IT)
technical support

 Our core mission in pathology is to provide information
(from data) for clinical decision support (i.e. usable
knowledge). Therefore, our success depends on
optimal information and system management.



Informatics & Workflow

 Enabler of:

 People

 Processes

 Better outcomes:

 Standardization

 Safety

 Efficiency

INFORMATICS



The DIKW model 



EMERGING TRENDS IN TODAY’S LABORATORY

o Laboratory automation 

o Specimen tracking & Patient Safety

o Continuous processing (e.g. Lean approach)

o Specialty laboratories (e.g. FISH, molecular)

o Big Data (e.g. NGS, bioinformatics)

o Digital pathology & its applications

o EMR adoption 

o Growing outreach interconnectivity

o Web access (mobile devices, patient portals) 

o Data analytics (business intelligence)

o Evalumetrics (OPPE/FPPE pathologist efforts)



CLINICAL INFORMATICS A New Subspecialty



CORE CONTENT FOR THE SUBSPECIALITY 

OF CLINCIAL INFORMATICS

Four major categories:  (1) fundamentals, (2) clinical 

decision making and care process improvement, (3) health 

information systems, and (4) leadership and management 

of change.



• Stores and manages data from all stages of medical procedures and 

tests. 

• Large software packages designed for high throughput commercial 

entities, particularly large-scale clinical centers, which are based on 

patient-centric information 

• Comprised of multiple packages, these systems often include inventory 

management, sample accessioning, sample tracking, reporting and 

potentially other functionality. 

• These systems can be costly and require extensive time to configure and 

implement, due to their size and complexity.

Lab Information System (LIS)



LIS:ALL ASPECTS OF WORKFLOW
hardware, software, people, procedures 

and data



QA, LEAN PROCESS 
AND ROLE OF LIS
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WORKFLOW TYPE DETERMINES THE TYPES OF ERRORS IN 

THE LAB



Information Workflow in the Lab

Pre-analytic phase:
 Patient registration (electronic or manual entry)

 Specimen receipt (accession number assignment)

 Specimen labeling (LIS our off-site generated)

Analytic phase:
 Work distribution (worklists)

 Specimen preparation (e.g. grossing)

 Test interpretation (diagnosis) & result entry

 Additional testing (reflex testing, stains, FISH, molecular)

 Reporting (manual, transcription or interfaced)

 Report verification (manual, automatic release, electronic signature)



Information Workflow in the Lab

Post-analytic phase:

Report delivery (printing, faxing,
electronic transmission)

Report modification (amendments
and addenda)



Quality Assurance and the LIS

 QA utilizes LIS electronic data (internal vs extracted)

 LIS generated reports (e.g. InfoMaker) & dashboards

 LIS weakness = collection, manipulation & display of data

 Data often exported with data set creation & manipulation

 QA data tools (e.g. Excel spreadsheets, Altosoft)

 Better data management (analytical capabilities)

 Superior display (graphs, dashboards)

 Web-based solutions available

 Access varied database formats (Excel, SQL, Oracle)

 Retrospective >> Prospective driven QA process

 Cytopathology Pap test re-screening

 Pre-sign out QA driven tool
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• Production processes are 

pathways by which raw materials 

are progressively converted into 

end products.  

• Manufacturing industries such as 

the automotive industry have 

applied workflow analysis and 

quality management tools to their 

production processes, resulting in 

an increase in efficiency, 

consistency, and decreased 

waste

Production Processes in Manufacturing 
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Technological advances of the 

Industrial Revolution and the 

widespread acceptance of the 

concept of standardized end 

products led to the 

development of the industrial 

workflow, which is 

characterized by 

homogenization of 

the production process, 

standardization of 

components, and exploitation of 

the economics of scale

Industrial Workflow
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Toyota Production System

Toyota Production System (TPS) has its 

foundation from the concepts brought into 

Japan by an American statistician named 

W. Edwards Deming who initially came to 

Japan in 1951 to participate in Japanese 

Census

Deming trained several Japanese 

engineers, managers, scholars, and 

even top management in concepts 

of quality and quality control.  
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• Toyota as a company created a workflow widely 

referred to as the Toyota Production System (TPS)

• The TPS has been described as an integrated socio-

technical system that, by design, minimizes 

overburden (muri) and inconsistency (mura), and 

eliminates waste (muda).  

• This depends, in turn, on the creation of a very agile 

and flexible production workflow that is fine-tuned 

and improved upon by rapid iteration, with each 

iteration encoding more and more knowledge into 

the process

Toyota Production System
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o Creation of a continuous process flow.

o Use of a system of just-in-time production to avoid overproduction.

o Leveling out the workload so we do not stress any specific part of the 

system (heijunka).

o Building a culture of stopping production to fix problems, so that the quality 

is not compromised.

o Ensuring that tasks are standardized for continuous incremental 

improvement (kaizen) and employee empowerment.

o Using visual indicators (kanban) to reveal problems.

o Using only reliable, thoroughly tested technology. 

Toyota Production System
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Toyota Production System
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An offshoot of the TPS is known as “Lean” method. 

It is not as rigidly defined as the TPS, and is best understood as a generalization 

of TPS principles into industries other than manufacturing.  As such, it has only 

two key differences in practice:

A. While seeking profit is perhaps the key focus of the TPS, Lean 

implementations tend to de-emphasize this, instead seeking process 

improvement for other reasons specific to the industry or organization.

B. In the TPS, the area of skills development is that of the work team leader, and 

not a trained TPS specialist.  

 In Lean, this is often reversed: emphasis is placed on developing the 

specialist, while work team leader skill development is less emphasized.

Lean Process/Implementation
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Six Sigma Process

• Like the TPS/Lean, Six Sigma is a 

Deming-inspired business 

management strategy that seeks to 

eliminate defects and reduce process 

variation.  

• The name “Six Sigma” itself comes from 

the recognition of the fact that if one has 

at least six standard deviations between 

the process mean and the nearest 

specification limit, zero items will fail to 

meet specifications 



30

 All Six Sigma projects must achieve a 

measurable and quantifiable financial 

return

 Six Sigma requires a special infrastructure 

of Six Sigma experts (named after belt 

colors in martial arts) to lead and 

implement projects

 Decisions are made only on the basis of 

verifiable data, rather than on assumptions 

and guesswork

Six Sigma is driven by data, not knowledge!!
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• The end goal of a Six Sigma project is to produce 

the vast majority of end products within 

specification.  

• This is accepted to mean less than 1 defect per 

million opportunities (DPMO) in the short term, 

and approximately 3.4 DPMO in the long term. 

• Six Sigma techniques have focused on increasing 

efficiency and cutting costs and have been widely 

applied across industries such as retailing and 

financial services including Home Depot

Defect Per Million Opportunities 
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• The production processes  in medicine and clinical 

workflow are designed to take clinical data to  go 

through pathways and procedures which result in 

generation of observations which in turn gets 

converted into knowledge and leads to patient-

centric care.  

• In pathology, due to extensive generation of 

computerized data, electronic medical records as 

well as new technologies such as tracking systems 

being embedded in our workflow, we have recently 

seen tremendous innovation and advancement 

in quality management and improvements

Production Processes in Healthcare 
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• Surgical pathology 

workflows are very similar 

to an industrial production 

processes because we 

are converting raw 

materials such as

specimens into an end 

product which is a 

pathology result or 

surgical pathology report

Surgical Pathology Workflows: Similar to 

Industry workflows? 
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• Pathology workflow is highly variable depending on the 

type of specimen being processed and the place of 

processing and may consist of a series of intermediate 

steps with a range of complexity. 

• Some of these steps can be automated such as 

printout of labels. 

• Other steps may be algorithm-driven such as 

assembling a case and matching paperwork with 

corresponding slides. 

• Many steps require a large amount of manual work by a 

skilled technician such as gross examination of 

specimens. 

Pathology Workflow is Highly Variable 



WORKFLOW OF THE 

PATHOLOGY SPECIMEN

Surgical pathology workflows are very similar 

to an industrial production processes because 

we are converting raw materials such as

specimens into an end product which is a 

pathology result or surgical pathology report



LIS Workflow: Role in Lean Process

A significant amount of the workflow is supported by a laboratory 

information systems (LIS)



Accessioning

Grossing

Processing Microtomy

Assembly

Sign 

out
Manual Task

Hand writing

Surgical Pathology Test Cycle

Points of potential error = Opportunities to 

interact & track
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• Quality assurance efforts in the Surgical Pathology 

laboratory today mainly involves analysis of 

BATCHED assembly line-like workflow. 

• The DATA that is generated is often hard to access 

due to lack of interoperability surrounding LIS and 

EMR

• There are a number of “middleware” systems which 

offer business intelligence enabling extraction of 

valuable LIS data.  

• Converting the BATCH workflow to a LEAN 

process and using modern informatics tools such 

as bar coding tracking systems leads to a more 

standardized workflow and reduces errors.

Quality assurance today: Mainly BATCHED
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• Lean process reduces the involvement of laboratory 

personnel in repetitive processes leading to a 

reduction in errors, particularly in the preanalytical and 

analytical portions of the surgical pathology specimen 

life cycle. 

• Creating auditable events in the workflow using 

barcodes and other technologies also leads to real-time 

data capture into the LIS which is available for real-time 

QA monitoring.  

• Additional tools such as synoptic reporting, 

computerized provider order entry (CPOE), and novel 

QA methods such as LIS-driven pre-sign-out random 

QA help improve quality and reduce errors

Quality assurance today: Advantages of a Lean Workflow





ERRORS IN PATHOLOGY

 Potential sources of error in a pathology laboratory including pre-
analytical, analytical and post-analytical phases. 



Factors of errors include:

• Variable input due to patient ID & Clinical history

• Complexity which can lead to greater chance of error

• Inconsistency in procedures, communication & 

diagnoses

• Human intervention where routine repetitive tasks 

contribute to risk

• Hand-offs which occur throughout the entire test 

cycle process

• Inflexible hierarchy caused by a culture that does not 

adapt & change

Potential Sources of Error



• Report of 160,000 adverse patient events/year from 
misidentification or labeling errors (Ford CAP Today 2005; 
19:34-40)

• Manual data entry has ~10 key errors for every 1,000 
characters entered

• Manually labeling items & batch-match tasks produce          
0.1 - 3% mislabeling/mismatch error rate (Balis. Advance 
Sept 2005 p86)

• Additional steps required to ensure proper identification

 e.g. multiple identifiers, check points

 “Work-arounds” result when problems remain unfixed

Lab Errors
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“Today’s” AP Laboratory
[or “Pre-existing Conditions”]

There are multiple potential points of error* in a 

lab’s process:

• Illegible handwriting

• Keying errors

• Transposing numbers/letters

• Cuts matched to the wrong block

• Excessive time spent for manual verification

• Lack of standards



http://www.medscape.com/viewarticle/868957



MANUAL STEPS; LACKS 

EFFICIENCY



PATHOLOGIST OFFICE



Working with Multiple Systems: IT 
Challenges

Integration of data from disparate systems



Accessioning

Grossing

Processing Microtomy

Assembly

Sign outManual Task

Hand writing

AP Test Cycle

Points of potential error = Opportunities to interact & 

track



 Manual workflow

 Handwriting

 Manual data capture

 Logs for tracking

 AP-LIS linked data

 Automated workflow

 Barcodes (& RFID)

 Automatic data capture

 Continuous tracking

 Portable dashboards
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Traditional vs Modern Process

OLD                            NEW



 Technology 

 Barcode vs. RFID - RFID more rugged (near flawless read rate), has greater 
capacity, easier to read (up to 1000 simultaneous tags) & updateable, but it is 
more expensive

 Lab environment (space, network access, blood, & fluids)

 Software 

 LIS-integrated (module) vs. Middleware (3rd party solution)

 Interoperability with LIS & instruments (vs. proprietary barcoding systems)

 Flexibility (easy to configure), easy to maintain & use (e.g. screen prompts)

 Platform options (desktop PC, touchscreens, mobile computers, handheld 
devices)

 Licenses (global vs. restrictions on number of clients/workstations)

 Hardware

 Computers (determine minimum specifications e.g. processor & RAM needs)

 Printers for labels, cassette engravers & slide etchers

 Scanners (tethered or wireless)

Tracking Options
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Barcode Driven System

ZARBO ET AL. AJCP 2009; 131:468-77.

Lab requisitions

Specimen containers

Tissue cassettes

H&E slides

Immunostains

ASSETS                                               
TECHNOLOGY                                                     

1D barcode

Adhesive labels

LIS interfaced

2D barcode

Laser etched

Barcode slide labels

Protocol driven



Types of Barcodes



 Optical machine-readable representation of data (characters 
represented by patterns)

SYMBOLOGIES:

 1D (linear)

 Numeric (e.g. Codabar, UPC)

 Alphanumeric (e.g. code 128)

 2D (e.g. DataMatrix, MaxiCode, QR code)

 Higher data density (more characters, scalable)

 Smaller barcodes (= smaller labels)

 Allows omni-directional scanning

 Less scan and printer failure

 Other label parameters (size, space for additional readable 
data/text, font, colors)

Barcodes
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Flexibility (label customization)
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SCC Soft Computer



Tracking Middleware
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• Examples: Vantage, Cerebro, OmniTrax, CheckMate, HTS (General Data)

Ventana



Vantage 
Labels

(No Slide 
Designators)

Special 
stains & IHC

CoPath
Labels

(With Slide 
Designators)

Routines 



FLOW OF BARCODE RELATED DATA
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A = Passive tag

B = Active tag

RFID
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Courtesy ODIN



Radio Frequency Identification Tags (RFID)

Leung AA et al. J Pathol Inform 2010; 1:21

RFID tags have a high degree of tolerance in the lab environment, but
do exhibit a measurable failure rate



BAR CODING

Gross Specimen Bar Code is 

Scanned to Imprint Cassettes

Gross Specimen is Accessioned Gross Specimen and Paperwork are 

Bar Coded

Bar Coded Cassettes are 

Printed Using Data 

Directly from LIS

Bar Coded Cassettes 

are Scanned at the 

Cutting Station

Bar Coded StainerShield Labels are 

Printed On-Demand at Cutting Station 

With Data Directly from LIS 

Bar Coded Slides are Scanned 

By Pathologist and Transcriber 

for Entry of Results

Slide Courtesy of Tony Piccoli



 Cassette printers

 Footprint (can they fit at grossing stations)

 Single vs. multiple hoppers (colors, 1-12 
magazines, expandable)

 Avoid certain colors (e.g. dark, red/aqua/blue)

 LIS connectivity (interfaces pre-built)

 Just-in-time (avoids pre-printing, sorting & 
distribution), on-demand or batch printing

 Rapid, high-quality (resolution), permanent 
prints

 Keyboards/screens

 Mounted hardware & mobile arms

 Touchscreen options

 Software solutions

 Verification & alerts (e.g. visual/audio)

Grossing Workstations
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Thermo Scientific

General Data



Single Hopper Multiple Hoppers

Cassette Printers
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General Data                                                               General Data



Labeling Specimens

 Labels 

 Thermal technology can withstand harsh 
environments

 Indelibility (durable labels)

 Aging with long term storage (e.g. frozen assets)

 Thermal (microwave) &/or chemical (xylene) 
resistant labels to avoid damage (erase, wash 
away, darken)

 Label Printers

 High quality (e.g. 600 dpi) & print tolerance

 Volume of printing (industrial vs desktop, space)

 Thermal transfer (need printer ribbon) or direct 
thermal (print directly onto labels)



HISTOLOGY LIFE CYCLE
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Process Step Tracking Solution

Tissue processing Receive block shipments from grossing area

Embedding Scan blocks for instructions & info (e.g. # tissues)

Microtomy Scan cassettes & print labeled slides

Staining/IHC Barcode driven autostainers (middleware)

Case assembly Scan folders to track all the slides

Case delivery Record slide arrival at destination

Slide review Barcode scanners available at sign out





MICROTOMY WORKSTATION

• Desktop solution at cutting stations
• Need “easy-to-view” instructions
• Input devices (barcode scanner, 

keyboard or touchscreen)
• JIT & on-demand slides
• Slide printers:

o Printed labels (can be expensive, 
damaged, & require extra labor)

o Laser-etching (creates glass dust)

o Direct/thermal transfer (print onto 
slides)

o Slide capacity (e.g. 150+) & 
throughput (e.g. 5 slides/min)

• Block/slide verification solutions



Storage & Retrieval
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• Tasks should be quick, easy, 

accurate & documented

• Manage specimen retrieval, 

retention, & discards

• Virtual trays/racks make it easy to 

add-on tests
o e.g. locate Pap vials for HPV 

tests

• Archived slides and blocks 
o Record slide/block receipt &/or 

checkout from storage

o Define room, cabinet, drawer, 

etc.

Courtesy Rodney Schmidt



Verification & Alert Solutions
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Thermo Fisher Scientific                                                                                                  Orchard Software

CheckMate® System                  LIS Barcode Comparison







 Manager’s view (monitoring)

 Dashboards (at-at-glance)

 Use of colors (red,yellow,green)

 (Near) real-time tracking

 Drill-down capability (to view 
details for specific values)

 Define (track) multiple monitors 
(blocks, stains, divisions, etc.)

 Re-size windows for large wall-
mounted displays

 Web-based tools (portability, e-mail 
alerts)

Status Monitors

Prichard et al. Clin Lab Med 2008; 28:207-222.



Stains Blocks

Histology Lab Status Monitors

73

CoPath Plus Cerner



Flow Cytometry color coded tracking monitor





LABORATORY INFORMATION SYSTEMS DIRECTLY 
IMPACT PATIENT CARE AND QUALITY

 As a result of improvements in LIS:

 LEAN workflow can be implemented

 turn-around-time for lab results can be reduced

 data transfer can be faster 

 physicians are able to provide faster diagnosis to 
patients
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30,455 views|Jul 17, 2018, 06:57pm

How AI Builds A Better Manufacturing Process 

https://www.forbes.com/sites/insights-intelai/2018/07/17/how-ai-builds-a-

better-manufacturing-process/

Today, humans and robots collaborate to produce breakthroughs, thanks to the 

marriage of advanced manufacturing techniques with information technology, and 

data and analytics. 

Major companies including GE, Siemens, Intel, Funac, Kuka, Bosch, NVIDIA and 

Microsoft are all making significant investments in machine learning-powered 

approaches to improve all aspects of manufacturing. 

The technology is being used to bring down labor costs, reduce product defects, 

shorten unplanned downtimes, improve transition times, and increase production 

speed.



NEXT GENERATION LABORATORY

Rapid innovations. 

More variety and 
complexities of available 
tests and services. 

New molecular tests, 
advanced equipment and 
testing techniques.

More automation

Digital pathology

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjfjpeAnobUAhVBxYMKHZlrDuYQjRwIBw&url=https://www.researchgate.net/figure/275773287_fig1_A-Whole-slide-imaging-of-a-full-section-of-tumor-shows-deep-myometrial-infiltration-by&psig=AFQjCNHO13Y057Af_3N7H4cPa85woueODw&ust=1495636341898881
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Fully automated histology tissue 

embedding system
Advances in microscopy and the 

application of machine learning to histology 

will modernize the examination of tissues 

in the clinical laboratory and in the 

operating room
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MORE AUTOMATION IN SURGICAL PATHOLOGY



Case is available in LIS

Pathologist can  review all slides 

remotely

Case is available for patient care 

Case is available for review

Slides scanned in histology lab

Improved Quality: Digital workflow with LIS Integration

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjQ_a3ZncjSAhWM3YMKHa8JAVUQjRwIBw&url=https://liferaftgroup.org/2015/10/your-pathology-report-the-key-to-understanding-your-gist/&psig=AFQjCNHxuNO_YD5A0nQ9idS_2EDUgPCmWQ&ust=1489107985930307


Dashboard of the 

NovoPath LIS by 

NovoPath Inc. 





Conclusions
 New advances in technology and improvement and 

standardization of the workflow in the laboratory is starting to 
occur and as a result reliance on a manual and batch type 
production processes in the AP lab is starting to decline.  

 Pathology laboratories are starting to implement informatics tools 
to improve their workflow, efficiency and overall quality of 
pathology reports.  

 As a result of this shift, more automated and standardized 
processes are starting to take shape.   

 New and innovative methods of transferring data and recording 
data are making the process of gathering quality data a more 
surmountable task. 



https://www.google.com.sg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwim9d-1oMbPAhUBKo8KHXinCucQjRwIBw&url=https://www.pinterest.com/rfashbaugh/ohio-state/&bvm=bv.134495766,d.c2I&psig=AFQjCNG2nHYPSf578AJaTfmk3Z-MXcQ_gw&ust=1475845848840385


Thank You
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