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Disclosure
I have no financial or other significant 
interest in any of the commercial firms, 
products, or services which might be 
mentioned in this presentation
Any mention of commercial firms, 
products, or services if for illustrative 
purposes only and does not imply 
endorsement or recommendation
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Association for Pathology InformaticsAssociation for Pathology Informatics

a Division of the a Division of the 
American Society for Investigative PathologyAmerican Society for Investigative Pathology

API is the only national organization dedicated exclusively to the field of 
service/research pathology informatics and supports a set of wide-ranging 

educational efforts in the discipline.

www.www.pathologyinformaticspathologyinformatics.org.org
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Technology Trap

Not everything which is technically possible is practical
Not everything which is doable is necessarily a good 
idea
Examples:
– Take photomicrographs of every case and embed in report
– Submit all specimens in their entirety
– Have all malignant cases agreed upon by all pathologists in the

group

This is really cool!  We must be able to use 
this for something!
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New Technology Assessment

Benefits Obstacles
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Analogy to Diagnostic Imaging
Digital imaging has transformed the day-to-day 
practice of radiology

Digital imaging introduced via CAT and MRI

Radiologists, initially uncomfortable looking at 
computer screens rather than film, learned to do so

Logistical matters such as film archives, lost films, 
re-filing and copying staffs all pushed toward a film-
less system

All images, even plain films, now done digitally; no 
film ever

Images accessible anywhere in the institution
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Pathology is NOT Radiology
Primary Data Set:
– Radiology: the image (in many cases, the digital image)
– Pathology: the specimen, and all resulting slides

Typical Study Size
– Radiology: most commonly 2-10 images; largest 200-500 

images
– Pathology: 2x2mm bx, 3 levels, 2 sections/level:  100 images

10 slides, 1 level each, 2.5 x 1.5cm: 15,000 images
(Assumes typical 40x high power field of 0.25mm2)

Logistical Benefits of “going digital”
– Radiology: No more film to buy, store, file, copy, lose; 

decreased staff
– Pathology: Still have to make, stain, scan, file, and store slides
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Pathology is NOT Radiology
(continued)

Accessibility of Images
– Radiology: Other physicians benefit from access to images
– Pathology: Images meaningless to most other physicians

Remote Sign-out
– Radiology: Template driven descriptions; speech recognition
– Pathology: More complex and more variable reports

Expected Outcome:
– Radiology: differential diagnosis; impression
– Pathology: definitive diagnosis
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Image Quality
(Is a digital image as good as the actual glass slide?)

Resolution issue can probably be adequately addressed
Slides are not flat (glass, tissue, coverslip, mounting 
medium)

– Must correct for irregularities in thickness of slide when making 
scans

– How does the pathologist handle areas which are not in sharp 
focus?

– Is the pathologist responsible for what is on the slide or what is in 
the image?

Tissue is “mostly two dimensional”
– Information stored in slide thickness

Nuclear chromatin detail
Nuclear overlap
Cell-cell boundaries
Cytoplasmic granularity
Artifact detection
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Technological Limitations
Scanning resolution
Scanning quality (maintaining focus)
Scanning speed

–Assume scan time = 1 minute; 100 cases/day; average 10 
slides per case (including multiple parts, levels, special stains, 
etc.)

–1000 minutes = >16 hours for single day’s slides
Image Serving

–Network speed and availability -> image latency
Pathologists are used to image updates literally at the speed of
light

–Hardware failures
Image Storage

–Assume 0.5 Gbyte per slide; above example = 0.5 Terabytes 
per day
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Technological Limitations
However, for the sake of discussion, let us put our faith 

in the advance of technology, and assume that in the 
near future we will:

1) Be able to scan slides in zero time
2) Have infinite network bandwidth
3) Have infinite server processing speed
4) Have infinite long-term on-line digital storage capacity
5) Be able to acquire all of this hardware and software for 

zero cost

What is the “need” that this technology is meeting?
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Potential Problems for Which It has 
been Suggested that Whole-Slide 

Imaging is the Solution

Telepathology
Slides don’t have to be sorted and brought to me
Home sign out
Multiple people can view same slide simultaneously
Immediate access to old material; don’t have to pull 
slides
Reference resource for difficult cases / teaching 
purposes
Computer-assisted diagnosis
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Whole-Slide Imaging and 
Telepathology

“Easiest way to get remote expert consultation”

Of the various tele-microscopy technologies, whole slide 
imaging clearly gives the consultant pathologist the 
greatest control over the viewing of the slide

Time constraints still make this technology unsuitable 
for frozen sections (but in our theoretical future, this 
might be a good choice)

For “routine day-to-day” pathology, easier and cheaper 
to just send the slides (no scanning needed)
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Whole-Slide Imaging and Decreased
Handling of Glass Slides

“Slides don’t have to be sorted - just scan them as 
they become available and let the computer sort them”
– Need to be sure the slides are labeled correctly
– I can’t sign-out a case until I get all the slides; the “sorting” 

step currently is also the way we make sure all the slides are 
present

“Slides don’t have to be brought to me”
– My office is two buildings away from surgical pathology
– Slides usually come out in batches

Transporting a batch of slides is not an onerous administrative 
task

– I usually go to the slides
I need the exercise
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Whole-Slide Imaging and
Home Sign-Out

“Home sign out allows faster turnaround 
times”
If I wanted to sign out at home now, I could 
take the slides home with me.  However,…
– Have to transport glass slides; could lose some
– Could have access to slides not ready when I left 

work
Still need to have access to the working draft 
and transcription services
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Whole-Slide Imaging and
Simultaneous Viewing

“Difficult cases can be viewed at the same time by 
different pathologists without having to get together 
around a multi-headed microscope”
The most valuable part of consulting with colleagues is 
the discussion over the case, and the coordinated 
viewing process
Where are all these pathologists allegedly waiting to 
look at the same slides I’m looking at?
How often does this come up in the day-to-day 
practice of pathology?
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Whole-Slide Imaging and
Access to Previous Material
“Access to the patient’s previous material would be 
just one click away”
– Saves time retrieving from files or archives

Would I be more likely to look at a patient’s prior 
material if I could just click to call it up?   Yes.
However, when clinically warranted, I do this now
– Tremendous amount of data to keep “live”
– Relevant in a minority of the cases
– Someone else pulls the slides for me
– It is not that long of a wait; the older the material (more 

likely to be off-site), the less likely it will be relevant



20

Whole-Slide Imaging and
Creation of a Reference Resource

“If you are contemplating a diagnosis of an unusual 
tumor, you can bring up virtual slides of other cases 
for which that diagnosis was made as a reference”
This would be great, but requires…
– Detailed indexing of cases and images; possible annotation 

of relevant fields
– Vast archive to keep these on line

However…
– This could be done with existing still digital images, but 

hasn’t, so perhaps it is not that necessary
– That is what books are for
– This data bank could be set up without my having to 

change the way I practice pathology day-to-day
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Whole-Slide Imaging and 
Computer-Assisted Diagnosis

“Once the slide has been digitized, the image 
could be fed into computer algorithms which 
analyze the slide and suggest likely 
diagnoses”
If this capability existed, even I might advocate 
whole-slide imaging.  However….
– it doesn’t, and isn’t likely to exist for some time
– I could scan only those cases I need “computer 

help” with
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Resident Training: A Possible 
Casualty?

Possible interference with the one-on-one 
interaction over a two-headed microscope
– Would it be the same looking at a computer

screen?
If I take advantage of the ability to “sign-out 
anywhere”, will the resident be cut out of 
the sign-out loop
– Will the resident walk to my office?
– Affect on resident education
– Selective removal of resident from the more 

complicated cases
– Simultaneous, geographically disparate sign-

outs



23

Whole Slide Imaging and
the Practice of Pathology

Benefits Obstacles

Real
Benefits

Perceived
Benefits

Insurmountable
Obstacles

Obstacles which 
training or 
money can
ameliorate

Scan 
Time

Image 
Quality Image 

Latency

Image 
Storage

Remote 
Image 
Access

Comfort
w/ TechTele-

consultation

Effect on 
Training

Image 
Archive

Access 
Old 

Material

Proficiency
Testing Education

Cost

?

Today



24

Whole Slide Imaging and
the Practice of Pathology

Benefits Obstacles

Real
Benefits

Perceived
Benefits

Insurmountable
Obstacles

Obstacles which 
training or 
money can
ameliorate

Proficiency
Testing Education

Scan 
Time

Image 
Quality

Image Latency

Image Storage

Remote 
Image 

Access Comfortw/ Tech

Tele-consultation

Effect on Training

Image 
Archive

Access 
Old 

Material

Cost

Today



25

Whole Slide Imaging and
the Practice of Pathology

Benefits Obstacles

Real
Benefits

Perceived
Benefits

Insurmountable
Obstacles

Obstacles which 
training or 
money can
ameliorate

Image 
Quality Image 

Latency

Scan 
Time

Image 
Storage

Remote 
Image 
Access

Comfort
w/ TechTele-

consultation

Effect on 
Training

Image 
Archive

Access 
Old 

Material

Proficiency
Testing Education

Cost

?

TodayNear Future

Effect on 
Training

Cost
Scan 
Time

Image 
Storage



26

Whole Slide Imaging and
the Practice of Pathology

Benefits Obstacles

Real
Benefits

Perceived
Benefits

Insurmountable
Obstacles

Obstacles which 
training or 
money can
ameliorate

Proficiency
Testing Education

Near Future

Image 
Latency

Remote 
Image 

Access

Tele-consultation

Image 
Archive

Access 
Old 

Material
Effect on Training

Cost Scan 
Time

Image 
Storage



27

Whole Slide Imaging and
the Practice of Pathology

Benefits Obstacles

Real
Benefits

Perceived
Benefits

Insurmountable
Obstacles

Obstacles which 
training or 
money can
ameliorate

Scan 
Time

Image 
Latency

Image 
Storage

Remote 
Image 
Access

Tele-
consultation

Effect on 
Training

Image 
Archive

Access 
Old 

Material

Proficiency
Testing Education

Cost

?

Distant Future

Computer
Assisted

Diagnosis



28

Whole Slide Imaging and
the Practice of Pathology

Benefits Obstacles

Real
Benefits

Perceived
Benefits

Insurmountable
Obstacles

Obstacles which 
training or 
money can
ameliorate

Proficiency
Testing Education

Distant Future

Image 
Latency

Remote 
Image 
AccessTele-

consultation

Effect on 
Training

Image 
Archive

Access 
Old 

Material

Cost

Computer
Assisted
Diagnosis



29

Pearls of Pathology

Don’t be gullible

High-tech is not always the 
answer

The world does not change 
unless it has to or wants to



30

Please complete the course 
evaluation before you leave.

Thank you for 
participating!
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