
The clinical lab:  pre-automation… 



Overview 

• Historical perspectives for automation in the clinical lab 

• Motivations 

• Generational insights 

• Key Growth Areas 

– Barcoding 

– Replacement of rigid automation with robotically-linked pods 
• In-yard vehicle transportation (BML-Japan) 

• Extensible floor of individual lines with flexible robotics linkage 

– Expansion of AP 
• Tracking and use of an automated histology track  (BML- Japan) 

• Clinical use of whole-slide imaging 

– Automation of AP Digital Whole-slide utilization 

• Some thoughts on the future 

 

 

 

 

 





 



What is the definition of first-time quality? 

• A lean metric that indicates to what extent 
parts are manufactured or assembled 
correctly the first time without need for 
inspection, rework, or replacement. 

 

First time quality can only be as good as one’s weakest process step. 

Step 1: 
FTQ: 0.999 

Step 2: 
FTQ: 0.643 

Step 3: 
FTQ: 0.999 

Aggregate FTQ:  0.642 



Motivations 

• If total lab automation (TLA) is not realistic in 
one’s particular setting, what are appropriate 
alternate strategies that accomplish the tasks 
of: 

– Enhanced first-time quality? 

– Expanded test volume for a given fixed resource 
setting? 

– Resiliency to overloading during peak capacity? 



Further Motivations 

• Automation will no longer be a merely desirable goal for 
attaining enhanced efficiencies, it will shortly emerge as an 
absolutely requisite strategy for survival. 

• The pool of medical technologists is rapidly contracting, with a 
shortfall being possible by as soon as 2012  

“…The federal government estimates that 

138,000 new lab professionals will be 

needed by 2012 to replace technicians 

expected to retire, but only 50,000 will be 

trained by that time.” 

Wall Street Journal, May 13, 2009 



Further Motivations 

• Such staff shortfall is already upon the nations 
of Japan and Australia, with use of  
automation and robotics emerging as the 
primary strategy to match evolving testing 
demand and volume, without sacrificing 
quality. 



Final Motivations: 
Anatomic Pathology 

• AP is poised to enter a “Renaissance Phase” of its 
evolution for the deployment of both automation 
technologies and Lean principles. 

• The deluge of data associated with whole slide 
imaging data sets, in particular, will introduce an 
altogether new class of computational challenge for 
the lab, both in terms of workflow management and 
data processing requirements.  The level of 
automation required to maximally leverage this new-
found digital histological data will be extreme.  



Generational Insights 

• 1981 Kochi Medical School 

– Belt-line system 

– Sasaki, Sugiura Nishida and 
Colleagues 



Limitations of First-Generation 
Approaches 

• Rigid track and fixed-location instruments 
were difficult to swap out. 

• Lean workflow analysis (particularly data 
gained from spaghetti diagrams) is not easily 
mapped to future state lab layout, given the 
rigidity of infrastructure and instruments 

• What was needed was a flexible lab layout 
approach   open lab design 



Open Lab Design 

• Start with open floor space 

• Nothing bolted down 

• All utilities from overhead sources, whenever 
possible 

• All bench and infrastructure elements on 
wheels and suitable for modular ensembles 

• Modifiable without provisioning for external 
contractor resources, if at all possible  



In the setting of open lab design, 
what happens to all the track? 

• In-yard Vehicle Transportation 

– Combine the flexible transport capabilities of a 
autonomous vehicle with the benefits locally-
placed modular automation lines. 

– This approach is scalable  



Key Growth Areas 

• Bar Code technology 

• Scalable Robotics/automation architectures 

– (BML as an exemplar) 

– CP and AP 

• Use of data representation and exchange 
standards 

 

 



Bar Codes and 
Bar Code Technology 

• Allow for automated 
identification of tagged assets 

• Only as reliable as the method 
with which they are matched 
to the object they identify 

• Misread rate is irrelevant if the 
barcode is on the wrong asset 
– Workflow eats technology for 

breakfast 

• Consequently, bar coding is 
only one component of a 
complete tracking solution 



Bar Code History: Some Milestones 

• Harvard Business School Thesis: 1932 
– The Automated Grocery Store , Wallace Flint 

• First Patent:  1949 
• UPC Codes:  1966 
• Computer Identics & GM:  1969 
• US Military: 

• Military Standard MIL-STD-1189B (LOGMARS) 

• First Seen in the Clinical Lab: 1980’s (US, Europe & 
Japan) 

• VA Hospital System: 
– Bar Code Medication Administration system (BCMA) 

 



Symbology 
Continuous 

or 
discrete 

Two 
or 

many 
Uses 

U.P.C. Continuous Many Worldwide retail, GS1 approved 

Codabar Discrete Two 
Old format used in libraries, blood banks, 
airbills 

Code 25 – Non-interleaved 2 of 5 Continuous Two Industrial (NO) 

Code 25 – Interleaved 2 of 5 Continuous Two Wholesale, Libraries (NO) 

Code 39 Discrete Two Various 

Code 93 Continuous Many Various 

Code 128 Continuous Many Various 

Code 128A Continuous Many Various 

Code 128B Continuous Many Various 

Code 128C Continuous Many Various 

Code 11 Discrete Two Telephones 

CPC Binary Discrete Two Post office 

DUN 14 Continuous Many Various 

EAN 2 Continuous Many Addon code (Magazines), GS1 approved 

EAN 5 Continuous Many Addon code (Books), GS1 approved 

EAN 8, EAN 13 Continuous Many Worldwide retail, GS1 approved 

Facing Identification Mark Continuous One USPS business reply mail 

GS1-128 (formerly known as UCC/EAN-128), 
incorrectly referenced as EAN 128 and UCC 
128 

Continuous Many Various, GS1 approved 

GS1 DataBar formerly Reduced Space 
Symbology (RSS) 

Continuous Many Various, GS1 approved 

ITF-14 Continuous Many Non-retail packaging levels, GS1 approved 

Latent image barcode Neither Tall/short Color print film 

Pharmacode Neither Two Pharmaceutical Packaging 

Plessey Continuous Two Catalogs, store shelves, inventory 

PLANET Continuous Tall/short United States Postal Service 

POSTNET Continuous Tall/short United States Postal Service 

Intelligent Mail Barcode Continuous Tall/short 
United States Postal Service, replaces both 
POSTNET and PLANET symbols (Previously 
known as OneCode) 

MSI Continuous Two Used for warehouse shelves and inventory 

PostBar Discrete Many Post office 

RM4SCC / KIX Continuous Tall/short Royal Mail / Royal TPG Post 

JAN Continuous Many 
Used in Japan, similar and compatible 
with EAN-13 

Telepen Continuous Two Libraries, etc (UK) 

 

 

From:  http://en.wikipedia.org/wiki/Barcode 

http://en.wikipedia.org/wiki/Universal_Product_Code
http://en.wikipedia.org/wiki/GS1
http://en.wikipedia.org/wiki/Codabar
http://en.wikipedia.org/wiki/Two-out-of-five_code
http://en.wikipedia.org/wiki/Two-out-of-five_code
http://en.wikipedia.org/wiki/Two-out-of-five_code
http://en.wikipedia.org/wiki/Two-out-of-five_code
http://en.wikipedia.org/wiki/Two-out-of-five_code
http://en.wikipedia.org/wiki/Two-out-of-five_code
http://en.wikipedia.org/wiki/Norway
http://en.wikipedia.org/wiki/Interleaved_2_of_5
http://en.wikipedia.org/wiki/Interleaved_2_of_5
http://en.wikipedia.org/wiki/Interleaved_2_of_5
http://en.wikipedia.org/wiki/Interleaved_2_of_5
http://en.wikipedia.org/wiki/Norway
http://en.wikipedia.org/wiki/Code_39
http://en.wikipedia.org/wiki/Code_93
http://en.wikipedia.org/wiki/Code_128
http://en.wikipedia.org/wiki/Code_128A
http://en.wikipedia.org/wiki/Code_128B
http://en.wikipedia.org/wiki/Code_128C
http://en.wikipedia.org/wiki/Code_11
http://en.wikipedia.org/wiki/CPC_Binary_Barcode
http://en.wikipedia.org/w/index.php?title=DUN_14&action=edit&redlink=1
http://en.wikipedia.org/wiki/EAN_2
http://en.wikipedia.org/wiki/GS1
http://en.wikipedia.org/wiki/EAN_5
http://en.wikipedia.org/wiki/GS1
http://en.wikipedia.org/wiki/EAN_8
http://en.wikipedia.org/wiki/EAN-13
http://en.wikipedia.org/wiki/GS1
http://en.wikipedia.org/wiki/Facing_Identification_Mark
http://en.wikipedia.org/wiki/GS1-128
http://en.wikipedia.org/wiki/GS1-128
http://en.wikipedia.org/wiki/GS1-128
http://en.wikipedia.org/wiki/EAN_128
http://en.wikipedia.org/wiki/UCC_128
http://en.wikipedia.org/wiki/UCC_128
http://en.wikipedia.org/wiki/GS1
http://en.wikipedia.org/wiki/GS1_DataBar
http://en.wikipedia.org/wiki/GS1
http://en.wikipedia.org/wiki/ITF-14
http://en.wikipedia.org/wiki/ITF-14
http://en.wikipedia.org/wiki/ITF-14
http://en.wikipedia.org/wiki/GS1
http://en.wikipedia.org/wiki/Latent_image_barcode
http://en.wikipedia.org/wiki/Color_print_film
http://en.wikipedia.org/wiki/Pharmacode
http://en.wikipedia.org/wiki/Plessey_Code
http://en.wikipedia.org/wiki/Postal_Alpha_Numeric_Encoding_Technique
http://en.wikipedia.org/wiki/POSTNET
http://en.wikipedia.org/wiki/Intelligent_Mail_Barcode
http://en.wikipedia.org/wiki/OneCode
http://en.wikipedia.org/wiki/MSI_Barcode
http://en.wikipedia.org/wiki/PostBar
http://en.wikipedia.org/wiki/RM4SCC
http://en.wikipedia.org/wiki/Japan_Article_Number
http://en.wikipedia.org/wiki/EAN-13
http://en.wikipedia.org/wiki/EAN-13
http://en.wikipedia.org/wiki/EAN-13
http://en.wikipedia.org/wiki/Telepen
http://en.wikipedia.org/wiki/Barcode


Datamatrix 

• Reasonably high Character Density 

• Good Error Correction 

• Challenging to render on stylus-based markers 
– (e.g. units with the R.A Lamb XY Plotter Engine) 

• Requires specifically-compatible image-based 
scanner ($$$) 



QR Code 

• “Quick Response” 
• Developed by Toyota subsidiary Denso Wave 

Corporation  released to public domain 
• Extensively Used in Japan 
• Aggressive Error Correction 
• Fully Implemented in a number of very large 

Reference Labs (e.g. BML) with significant 
successes 

• Less adoption in US at present, but this could 
change with the emergence of 
Comprehensive tracking solutions from 
Japanese histology and laboratory automation 
vendors 

• Now an ISO standard (ISO/IEC 18004:2006) 



High Capacity 
Color Barcode 

• HCCB is not intended to replace 
traditional barcodes, but rather 
coexist as a format for applications 
requiring more information to be 
stored in a smaller space. 1 

• 3,500 characters per square inch!!! 

• Nothing yet in the laboratory 
medicine space, but certainly, it’s 
something to follow closely 

1http://news.bbc.co.uk/2/hi/technology/6570871.stm 

http://news.bbc.co.uk/2/hi/technology/6570871.stm


BML Labs – Japan: 
An example of a scalable robotics/automation 
architecture  for the Clinical Laboratory 

• Open lab topology 

• Local instrument clusters are automation-line based 

• Clusters are functionally uncoupled from each other 
and stand alone 

• In-yard robotics transportation systems compensate 
for the shortfall in track between every instrument 
cluster 

• Overall approach is intrinsically flexible and 
extensible 







BML Labs – Japan: 
An example of a scalable robotics/automation 
architecture  for Anatomic Pathology 

• Open (almost) lab topology 

• Local instrument clusters are automation-line based 

• Workcenters are functionally uncoupled from each 
other and stand alone 

• A track systems recapitulates the transportation 
model of first-generation lab automation systems 

• Just-in time model for bar code labeling of all 
materials (no-handwritten assets) 

• Overall approach is intrinsically flexible and 
extensible 



Metric of Quality MGH UofM 

Slide label is correct for Accession? .997 .991 

Slide Label is correct for Specimen? .983 .974 

Slide Label is correct for Block? .994 .996 

All Slides present at case signout? .921 .896 

Block is correct for Accession? .997 .994 

Block is correct for Specimen? .993 .989 

All blocks are accounted for at 

cutting? 

.985 .978 

Specimen is correctly matched to 

correct accession? 

.998 .997 

Specimen is labeled correctly?  .996 .991 

All Specimens are accounted for at 

Accessioning? 

.997 .993 

Case assigned/accessioned to correct 

patient? 

.9996 .9993 

What is the first time quality of some common 
AP tasks & products at the asset level? 

Pre-Automation 

Clearly, we have a problem... 



















Automation in the setting of 
digital whole-slide workflow 

• Largely uncharted territory 

• Significant opportunities for economies of 
scale and improvement in diagnostic quality 



Thesis Statement 

• The availability of digital whole slide data sets represent an 
enormous opportunity to carry out new forms of numerical 
and data-driven query, in modes not based on textual, 
ontological or lexical matching. 

– Search image repositories with whole images or image regions of 
interest 

– Carry our search in real-time via use of scalable computational 
architectures 

– Higher order space bioinformatics searches can finally include 
quantitative histology (e.g. combined search of histology, 
radiology and genomic repositories offers an significant potential 
for enhanced statistical power) 

Extraction from Image 

 repositories based upon 

spatial information 

Analysis of data 

in the digital domain 

…001011010111010111.. 

Resultant Surface Map or Multi-modality gallery of 

matching images and associated metadata   

or 



Data Portfolio: 
Surgical Pathology 2010 

The Present 

Diagnostic
Text

Image-based
Data

All Other
Metadata



Data Portfolio: 
Surgical Pathology 2020 

The Not-too-distant Future 

Diagnostic
Text

Image-based
Data

All Other
Metadata



What is our 2010 data source for information 
retrieval? 

TEXT / Metadata 

Image-based Data 



What is our 2020 data source for information 
retrieval without a change in our search model? 

Text / Metadata 

Image-based Data 



By 2020, will be able to data mine our largest 
cohort of stored information – our images? 

Imagery /  Text / Metadata 

Image-based Data 


