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A Brave New Pathology World 

What Does A Digital Pathology World 

Look Like? 

What Are The Obstacles To Realizing 

This World? 

Today s Obstacles 

Next Year s Obstacles 

What Are The Economics Of Digital 

Pathology? 

 



Defining The Users 
Laboratory Director/Informaticist 

Will Become A Team Of Super Users 

Pathologist 
Knowledgeable To Ludite 

Histology Staff 
Gaining An Entirely New Set Of Responsibilities 

Residents 
Do Not Know A World Without Digital Imaging 

Clinicians 
Overblown! 

Is It Good Medicine To Put WSI In The Hands Of The 
Clinicians? (Marketing Vs Care) 



Diagnostic Digital Imaging Imperative 

Case For 

Integrated Electronic 

Medical Record 

Access To All 

Previous 

Microscopic Images 

On Demand 

Faster Turn Around 

Time 

 

Case Against 

Cost Of Storage Of 

Images & IT 

Infrastructure 

Lack Of Utility Of 

Storage Of Images 

Additional Layer Of 

Technology 



Is A Digital Image Equal To An Image 

Observed By A Human At The Microscope? 

Focus 

Illumination Control 

Fixed Vs Variable Illumination 

Condenser Design 

DAB & Silver Stains Scatter Light 

Stains Absorb Light (Beer s Law) 

Kohler Illumination Generates A Higher 

Contrast Image Than Critical Illumination 

 



Digital Imagers 

Most Represent 1st and 2nd Generation 

Platforms 

Anticipated Improvements: 

Condensers 

Focus 

Throughput 

Calibration 

Cost/Slide 





Is The Workplace Ready For Digital Imaging ?  
The Real Challenge 

Required Elements Of The Workplace 

To Support Digital Imaging 

Within Histology 

IT Support 

Sign-out Environment 



Histology Infrastructure 
Slide Quality 

Section Quality (Stretch & Thickness) 

Stain Quality 

Coverslip Preparation  

Scanners 
A Sensitive Optical Instrument In A Wet-Lab  
Environment 

Redundant Instruments / Minimize Downtime 

Staffing 
Histotechnologist/ Archivist 

Scanning 

Maintenance 

Trouble Shooting 

Queuing For Review 

 



Imager Infrastructure 

Appropriate Space, Power & Network Connection 

IT 
Connectivity 

Security 

Instrument Access Control 

Down Time Planning 

Maintenance 
Daily 

Calibration & Settings 

Periodic 
Hardware 

Controlling Computer 



Digital Imaging Within The  

Total Test Paradigm 

Current Practice 

Histology Is Governed By Preferences Of The 
Histology & Pathology Staff 

Lack Of Standards 

Leaks Through To Immunohistochemistry 

Digital Pathology Practice 

Quality Becomes Defined By Suitable For 
Imaging 

Digital Manipulation Of Images To Meet Preferences 
Of Pathologist 

Standardization Of Quality 





IT Infrastructure  
System Owners View 

Hardware 

Software 

Staffing/Support 

 

Managing User s Expectations 



IT Staffing 
Multilayered Approach 

System Owner (Clinical Informaticist) 
Decision Maker 

System Admins (webserver, database, security) 

Oversees Software 

Hardware Teams (server, storage, network) 

Oversees Hardware 

Local Desktop  Support 
Ensures Local User Can Access/Use System 

Group Administrators 
Oversees User s Privileges 

Use By Anything More Than 5 Users Requires A 

Coordinated Implementation Within The Workplace 



TARP/AMPL Current Infrastructure 
Production Server 

Virtual Servers (4) 

64-bit, 4-Core, 16GB RAM 

Co-located SAN 
 

Staging Server 
Replicate OS 

Older Hardware 

Used For Testing & Security 
Testing 

No Data Preserved 

Software Upgrades Are Not 
Moved To Production Until 
Validated ON Staging 
Servers 

 

TARP/AMPL Responsible For 
Software 

NCI Responsible For Hardware 

Server Room 
Full Kit 

Currently Over 400 VMs 
Running On Blade Servers 

Storage 
SAN (Images) 

Local Drive (Database) 

Off Site Archival Image Storage 

Switches 
 100 GB (Building) 

10 GB (Floor) 

Cable 
Fiber (Buildings) 

Wire (Desktop) 

Desktop 
Widely Variable 

Essentially No Control 

Wireless Commonly Used 

 



IT Hardware 

Servers 

Workstations 

Storage 

Switches 

Cabling 



The Server 
More Is Always Better 

Benefits Of Both Bigger Processors & Substantial 
RAM 

VM Platform Must Be Optimized 

Processing Intensive Activities 
Image Serving 

Database Searching 
DB Platform & Design Is Critical 

Isolating Activities To Different VMs Will Provide 
Substantial Performance Benefits 

 

What Looks Like Poor Connectivity Is Likely An 
Underpowered Server Environment 

This Is Actually Easier To Address Than The Network 
Infrastructure 



Switches, Cables & Bandwidth 
Getting The Information Across The Network 

100 GB vs 10 GB Wires 

Riser Closets & Switches 

Lunchtime Surfing 
Doubling Of Network Activity 

Competing Network Traffic 
Backups 

Next Generation Sequencers 

Generally The Problems Are Within The Last 
100 Meters 

WiFi May Actually Be Faster At Times 



Storage 
Images 

RAID 5 

TAPE Backup 

Speed 
Solid-state Hard drives For Data Acquisition 

Database 
Separate From Images 

Constant Read-Write & Search Functions 

Archival 
Impractical To Maintain Entire Image Archive At 
Full Backup 

For Data That Will Be 
Accessed Infrequently 

Not Modified 



Large Volume Data Transfers 
FedExNet (FEN Protocol) 

Inter-Institutional Transfer Of Substantial 
Numbers (~20) Of WSI Is Beyond The 
Capacity Of Most File Transfer Protocols Or 
Services 

Most Common Method Is Replication To 
External USB Hard Drive & Shipment Via 
FedEx 

Slow 

Real Cost (Hardware & Shipping) 

Data Replication Has Advantages 

 



Workstation Demands Of  

Digital Pathology 

Common Current Problems Include: 

Poorly Configured Network Software Settings 

Lack of RAM 

Legacy Software (Novell) 

Poorly Trained/Impatience Users 

Clinical Use Will Utilize A Dedicated 

Workstation / Cockpit  

Fit-For-Purpose  Hardware Configuration 

Private Network 

 



IT Software 

Database 

Scalability 

Image Serving Software 

Processor & Storage Access Speed Sensitive 

Image Analysis Software 

Real Time Vs Queued 

Desktop Interface/Client 

Dedicated Workstation 

Desktop Based 

Thick Or Thin 



Imaging Databases 

Stand Alone 

Data Must Be Entered 

Inefficient 

Integrated 

PACs, LIS, HIS 

Storage Of Minimal Information To 

Associate Images With Patients 

Requires Robust Database Integration 

Features 

An Added Challenge 



IT Security 
Intranet vs External Access 

HIPPA vs No PPI Data 

Hardened Against Hacking 

Threat Changes Daily 

 

Dedicated Infrastructure Vs Cloud  

 

User Administration/Authentication 

LDAP/AD  Capacity To Verify Users 

Active At All Times / Immediate Changed 

Resource Accounts (15 Character Passwords!) 

Guest Access Hard To Support 

 



Safeguarding Patient Information 
WSJ Sept 26, 2011, Page R4, M. Eric Johnson 

Health-care industry has lagged behind the 
corporate world in adopting integrated system 
Take Inventory 

How Is The Data Managed? 

Consider Access 
Who Needs Access? 

Make The Technology Easy To Use 
Given A Slow Private Network, Users Sent Files Via G-
mail 

Educate The Doctors 
Doctors have been taught that they are the ultimate 
arbiter of what happens in their sphere of influence  
(Eric Cowperthwaite, Providence Helath & Service s CIO) 



Private Network 
Security Without Insanity 

The Nature Of Servers Is That They Are Vulnerable 

Software Patches & Security Updates Have Limited 
Validation 

May Require Reboots Of Servers & Hardware 

Interfere With Lab Operations 

A Private Network, That Does Not  Connect To The Broad 
Internet Offers: 

High Speed Connections 

High Security 

Avoidance Of Complex User Names & Passwords 

Freedom From Chronic Software Maintenance 

Requires A Crossover Computer To Allow Vendor Access For 
Service 

Used Between Instruments & Servers Currently 

Applicable For Connection To Dedicated Workstations 

 
 



What Will Bring Down Your IT 

Infrastructure? 
Power Outages 

Floods 

Wind 

Earthquake 

Fire 
Inappropriate Activation Of Sprinkler Systems 

Theft 

Hacking 

Hardware Failure 

Excavation 
Cables Backhoed 

 

Development Of A Catastrophe Recovery Plan 
 



Nothing Is Free 

Data Centers Use 1.5% Of Global Electricity 
(WSJ 9/12/11) 

Energy For Cooling Is Driving Data Centers To 
Nordic Countries 

Internet Traffic Is Expected To Quadruple In The 
Next 5 Years 

1GB Of Data Cost $5-20/Year When All Cost 
Are Incorporated 

Moore s Law May Be Coming To An End 

 

Incumbent To Plan For Cost Escalation Of 
Storage & Management Cost 





Pathologist Work Environment 

Monitor Cockpit 

Calibrated Monitors 

Larger Footprint Than A Sign-out Microscope 

Separate From Desktop Computer 

Room Illumination 

Anticipated Requirement For Indirect 

Illumination ~ al a Radiology 

No Windows 

Teaching Environment 

What Is A Teaching Cockpit? 



Pathologist Interface 

Software Controls 
What Tools Will Be Available To Evaluate The 
Image 

Hardware 
Monitor 

Screen Size & Pixel Size 

Dynamic Range & Bit Depth 

Tools That Allow A Pathologist To Manipulate An 
Image Without Diverting Eyes From The Image 

Ergonomics 
Impact Of Viewing Position On Perception Of The 
Image 



Digital Diagnostic Pathology 
Does Total Digital Image Signout              

Make Economic Sense?  

Benefits 

Consultation   Remote Frozen Section 

Tumor Board   Education 

Neutral 

Primary Cancer Diagnosis Archive 

 

Questionable Economics? 

All Case Primary Signout (Today) 

Opportunity For Value Added Models Such As CAD 



Digital Pathology In Today s Academic 

Anatomic Pathology Practice 
Not The Diagnostic Platform 

Frozen Section Review 

Consultation 

Clinical Trials 

Review & Endpoints 

Inclusion Criteria ? 

 

FDA Has Shown No Interest In Intervening 



Digital Imaging Moving Forward 

Challenges 
Training & Education 

Technology Standardization/Calibration 

Promises 
An Integrated Computerized Diagnostic Platform 

Imaging Tools To Identify/Quantify/Classify 

Unknown 
Action By The FDA 

Digital Images As Diagnostic Medium 
Format Requirements 

Retention Of Images 

Infrastructure 



How Does Digital Imaging Become 

Economically Viable?  
Cost Drops 

Can Not Drop Sufficiently 

Add-On Technology 

Economies Of Scale 
Makes The Pathologist More Productive 

Regulatory Guidance/Imperative 
Requires Changes To Reimbursement Model 

Revenue Generating 
Demonstrates A Benefit To Patient Care 

CAD / Screening Models 
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Condenser Design & Illumination 

Kohler Illumination: Point Source, Precise Alignment, High Contrast 

Critical Illumination: Diffuse Source, Brighter Illumination, Low Contrast 






