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Overview

• Introduction

• Digital deployment

• Laboratory considerations –
ISO15187

• Diagnostic considerations-
ISO15187
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Introduction to Leeds Digital Pathology and
The National Pathology Imaging Co-Operative

(NPIC)



About us:

• Leeds Teaching Hospitals NHS Trust

– Single site histology laboratory

– Fully sub-specialised

– 45 consultant pathologists, 30 trainee pathologists

– ~ 300,000 H&E slides histology slides a year

– About 1% of NHS histopathology workload

– Digital pathology team – doctors, laboratory staff, 

university fellows. project manager

– Dr Darren Treanor, Royal College Lead for Digital 

Pathology

– ISO inspection for digital pathology passed!

– Fully digital histopathology laboratory since 2018

– National Pathology Imaging Co-Operative



Deployment rollout in Leeds….

2017

• Breast primary diagnosis validation

• Neuropathology primary diagnosis and frozen section deployment and validation

2018
• Immunohistochemistry deployment

• 100% digitisation deployment (Leica AT2, CS2, e-Slide Manager)

2019

• All pathologists commence validating their digital practice

• Regional networking project commences deployment (Northern Pathology Imaging 
Collaborative)

2020

• Redeployment (Leica GT450 and Sectra IDS7)

• Funding obtained for wider regional deployment, vendor neutral archive, national 
tumour networks 



Clinical usage

• 100% of histology slides digitised and available for diagnosis

• 4 GT450DX, AT2, CS2

• 1500 slides a day

• New workflows, new roles

• Slides viewed on medical grade, 6-8MP display screens



Our Mission: Making Digital Pathology 
Mainstream

- Answering 

fundamental 

questions 

- Providing easily 

accessible, 

pragmatic 

publications

- Guiding other 

departments in their 

digital journeys….



National Pathology Imaging Co-
Operative…..

Clinical 
adoption

Datasets

Research & 
development

Evaluation

Quality 
assurance NHS 

Academia

Industry

UKRI Centre of Excellence in Digital Imaging and AI

£33.0m public funding, £11.4m industry funding

Build a national digital pathology system as a platform for 

the NHS  
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Digital Deployment

Key factors to consider



Implementing digital pathology

To err is human, to really foul things up requires a computer.

William E Vaughan

• Digital pathology is 

– A big IT project

– A new(ish) technology

– A big laboratory transformation

– Requires clinicians to alter their standard practice

What could possibly go wrong?!



Health warning

• Labs are rarely perfect, especially underfunded understaffed labs

• Staff are not perfect, especially if they’re over-stretched

• The perfect digital pathology system and LIS is yet to be 

developed

• There are lots of unanswered questions about digital pathology

• Projects don’t run perfectly, especially complex IT projects with 

novel technology and multiple interfaces

• We need to work as a team and learn together
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First priority….



Departmental engagement

• IT competencies, 
attitude to change, 
attitude to risk

• Fears and concerns

• Seek early 
opportunities to engage

• Optimise their initial 
experience

• Share early successes 
and positive feedback

Enthusiasts

Uncertains

Sceptics



A dangerous question…

• List the top 3 things that really bother you 

at work at the moment…..



Individual Motivators

• Improving workflows

• Improving working environment

• Occupational health

• Flexibility

• Retirement plans

• Family and pets



Scanner maintenance and calibration

• Follow vendor guidance

• Regular cleaning outer casing and inside

• Fans and vents

• Annual vendor servicing

• Calibration as per vendor guidance – refer to printed tables of values

• Camera alignment, stage alignment, RGB values



Slide Preparation- Scanning

• DRY- 10 minutes at 60°c.

• CLEAN - No dirt, wax, pen or 
fingerprints on the slide or 
coverslip

• Clean slides with microscope 
lens cloth, and 70% alcohol (if 
necessary). 

Stained Dried Cleaned Scanned



Digital Image Quality Control

• Image quality

• Image entirely out of focus

• Focal loss of focus

• Number of images

• Patient demographics



Quality assurance/ quality control 



Main risk….



Slide quality assurance

Emphasizing importance of tissue placement of glass slides 

to ensure they are within the scannable margins of the slide

Default scanning of the entire scannable area of the slide 

for certain scenarios where missed tissue is more likely, 

e.g., breast biopsies, fatty tumours, smear preparations, 

and friable specimens

QC/QA steps, such as human checks and adjustments of 

automatic scanning windows before final image acquisition



A dangerous question…

• List the top 3 things that really bother you 

at work at the moment…..



Individual Motivators

• Improving workflows

• Improving working environment

• Occupational health

• Flexibility

• Retirement plans

• Family and pets



Planning the full deployment: Kaizen 
event

Problem statement: How to efficiently and safely transition from the current state of manual
slide reads to future state of 100% digital reads 



Value stream mapping shows better 
workflow

Stained 
Slide

Drying

Laboratory

Active Time = 1 min

Wait Time = 10 min

Batch Size = 300 slides

Rejection = 0%

FTE = 1

Quality Check / Place into slide 
tray / case assembly

Laboratory

Active Time = 30 min

Wait Time = 240 min

Batch Size = 300 slides

Rejection = 8%

FTE = 1

Sign out of lab / Assign to 
Pathologist

Laboratory

Active Time = 10 min

Wait Time = 60 min

Batch Size = 10 cases

Rejection = 0%

FTE = 1

Deliver to:
· Breast Container, 

complete form, wait for 
pick up

Courier

Active Time = 10  min

Wait Time = 240  min

Batch Size = 10 cases

Rejection = 2% 

FTE = 1

Breast Sample Pick up, 
transport to breast center, 

delivery to admin

Breast Courier

Active Time = 15 min

Wait Time = 240 min

Batch Size = 10 cases

Rejection = 10%

FTE = 1

Breast Admin distribute to 
pathologist

Breast Center

Active Time = 2 min

Wait Time = 120 min

Batch Size = 10 cases

Rejection = 0%

FTE = 1

Breast Pathologist obtain slides 
from mailbox and return to 

office

Breast Center

Active Time = 5 min

Wait Time = 0 min

Batch Size = 10 cases

Rejection = 0%

FTE = 1

Case Review, paperwork, Dx, 
dictation (Primary Review)

Pathologist

Active Time = 60 min

Wait Time = 120

Batch Sizes = 5 cases

Rejection = 1%

FTE = 1

Identification of additional 
work required, order additional 

testing

Pathologist

Active Time = 2 min

Wait Time = 2,160  min

Batch Sizes = 1 case

Rejection = 10% primary rvw

FTE = 1

Immuno Testing

Laboratory

Active Time = 120 min

Wait Time = 3,360 min

Batch Size = 20 cases

Rejection = 1%

FTE = 1

Reconcile

Pathologist

Active Time = 3 min

Wait Time = 0 – 2,880 min

Batch Size = 1 case

Rejection = 10%

FTE = 1

Stored 
Slide

Deliver to:
· Pathologist mailbox

Courier

Active Time = 5 min

Wait Time = 120 min

Batch Size = 10 cases

Rejection = 1% 

FTE = 1

Deliver to:
· Pool, put in numerical 

order, specialty order, 
place on shelf

Courier

Active Time = 15 min

Wait Time = 1440 – 10080 min

Batch Size = 10 cases

Rejection = 15%

FTE = 1

Breast Pathologist obtain slides 
from mailbox and return to 

office

Pathologist

Active Time = 5 min

Wait Time = 0 min

Batch Size = 2 cases

Rejection = 5%

FTE = 1

Pathologist obtain slides from 
pool, (troubleshoot), scan out 

cases, return to office

Pathologist

Active Time = 10 min

Wait Time = 0 min

Batch Size = 5 – 10 cases

Rejection = 10%

FTE = 1

Obtain prior slides

Laboratory

Active Time = 75 min

Wait Time = 1,440 min

Batch Size = 5 cases

Rejection = 5%

Recut / levels, specials

Laboratory

Active Time = 60 min

Wait Time = 1,920 min

Batch Size = 20 cases

Rejection = 1%

Review & report additional 
work

Pathologist

Active Time = 10 min

Wait Time = 0 min

Batch Size = 1 case

Rejection = 1%

FTE = 1

Paperwork (deliver papers of 
reported cases) / admin pick up 

paperwork, deliver to office

Pathologist

Active Time = 2 min

Wait Time = 120  min

Batch Size = 5 cases

Rejection = 0%

FTE = 1

Transcription by report (by 
typist)

~ 60% transcription

Transcription

Active Time = 5 min

Wait Time = 1440  min

Batch Size = 1 case

Rejection = 1%

FTE = 1

Deliver paperwork back to 
Pathologist

Admin

Active Time = 2 min

Wait Time = Previously Inc

Batch Size = 5 cases

Rejection = 0%

FTE = 1

Final report sign out / case sign 
out

Pathologist

Active Time = 5 min

Wait Time = 0  min

Batch Size = 1 case

Rejection = 1%

FTE = 1

Place slides in collection / MDT 
queue 

Pathologist

Active Time = 1 min

Wait Time = 120  min

Batch Size = 5 – 10 cases

Rejection = 0%

FTE = 1

Transcription by Pathologist 
Self enter

~ 20% transcription

Transcription

Active Time = 5 min

Wait Time = 0  min

Batch Size = 1 case

Rejection = 1%

FTE = 1

Transcription by Pathologist 
Voice Recognition

~ 20% transcription

Transcription

Active Time = 5 min

Wait Time = 0  min

Batch Size = 1 case

Rejection = 1%

FTE = 1

Transport & file slides

Courier

Active Time = 120 min

Wait Time = 240  min

Batch Size = 50 cases

Rejection = 0%

FTE = 1

Transport & file slides

Breast Courier

Active Time = 135 min

Wait Time = 480  min

Batch Size = 50 cases

Rejection = 0%

FTE = 1

Laboratory Courier Pathologist L Pathologist Admin Path C

Current State

Laboratory Pathologist
Stained 

Slide

Drying

Laboratory

Load scanner / Snapshot check

Laboratory

Initiate Scan

Laboratory

QC checkpoint (Digital image 
check)

Laboratory

File slides

Laboratory

Sign out via Cerebro / Assign to 
Pathologist

Laboratory

Log into informatics platform

Pathologist

Stored 
Slide

Unload scanner and slides

Laboratory

Access worklist

Pathologist

1. Select patient
2.  Select case

Pathologist
Transcription by report (by 

typist)

~ 60% transcription

Transcription
Final report sign out / case sign 

out
If necessary, assign case to 

MDT review

Pathologist

Transcription by Pathologist 
Self enter

~ 20% transcription

Transcription

Transcription by Pathologist 
Voice Recognition

~ 20% transcription

Transcription

Case review, paperwork, Dx, 
dictation, priors (if necessary)

Pathologist
Identification of additional 

work required

90% recut / IHC

Pathologist

Order additional testing 
(mechanism TBD)

Pathologist
Pathologist notification (via 

worklist) with additional testing 
materials / information as 

available

Pathologist

Review and report (additional 
work)

Pathologist

Perform additional testing

Laboratory

L Path

Future State

Future state expected to reduce touchpoints (and likely potential 
errors) while improving TAT and resource dedication



End to end workflow

• Consider the entire process from start 
to finish- specimen arrives at 
laboratory to pathologist viewing 
image

• Invest time incorporating digital 
pathology into the current laboratory 
workflow

• Make digital pathology the end of the 
laboratory workflow process

• Gross

• Section

• Stain

Slide 
Preparation

• Scan

• QC

• Case Assembly

Scanner 
Operation • Review

• Report

Pathologist 
Work



Probably… the fastest scanner in the 
world

Scanner A Scanner B

Scanner B is twice as fast acquiring the 
image, but twice as slow to load – overall 

speed is the same

Scan time Load time• Must assess:

– Bulk scanning (e.g. 1000 real 

world slides, all shapes & sizes 

of tissue)

– On-demand scanning for 1-5 

urgent slides

• Measure 

– Total end to end time, not raw 

image acquisition time

– Time to load/ unload the slides 

from your stainer

– Rescan rate – more than 1% will 

be a problem



Scanner capacity: The real world

Total 
Scanning 
Required

Tissue 
coverage 

(15 x 10 ?)

40x vs 20x

Daily slide 
volume

Time to scan 
a slide

Operating 
window

Utilisation 
(70%)

Likely 
downtime



Scanner Location

• Formal options appraisal

• 10 possible locations

• 6 criteria

– Dedicated scanning room, or in the 

main laboratory?

– Is it LEAN, and does it fit in with the 

existing lab workflow?

• Chose central bench adjacent to 

cells



Slide Preparation- Microtomy and 
Coverslipping

• Thin sections - 3µm.

• Section should be free of folds, creases and 

bubbles.

• Section should be in the middle of the slide 

away from the edges.

• No overhanging/broken coverslips.

• Free from excess mountant around the edges.



Slide Preparation- Scanning

• DRY- 10 minutes at 60°c.

• CLEAN - No dirt, wax, pen or 
fingerprints on the slide or 
coverslip

• Clean slides with microscope 
lens cloth, and 70% alcohol (if 
necessary). 

Stained Dried Cleaned Scanned



Staff to run the scanner

• Map the process

– Complex operation, including 

QA/QC steps

• Time each step

• Decide what skills needed at 

each point



Digital Image Quality Control

• Image quality

• Image entirely out of focus

• Focal loss of focus

• Number of images

• Patient demographics



Quality control



Quality Control



Slide quality assurance

Emphasizing importance of tissue placement of glass slides 

to ensure they are within the scannable margins of the slide

Default scanning of the entire scannable area of the slide 

for certain scenarios where missed tissue is more likely, 

e.g., breast biopsies, fatty tumours, smear preparations, 

and friable specimens

QC/QA steps, such as human checks and adjustments of 

automatic scanning windows before final image acquisition



Display assessment at Leeds

• Not all displays are equal

• Nobody knows the minimum specification 

for a digital pathology display

• Displays are getting better all the time

• For primary diagnostic use, every day, 

every case , you need to ensure your 

display is consistent

• In a brightly lit room, you need a bright 

display



Display choice at Leeds

• Primary diagnosis
Barco 6MP medical grade, Eizo 8MP medical grade, 

Jusha 8MP medical grade

• MDT use
Standard NHS display (Iiyama 2MP)

• IHC 
? Fairly low spec display may be OK

• Remote reporting – situation dependence



Point of Use Quality Assurance (POUQA)

http://www.virtualpathology.leeds.ac.uk/research/systems/pouqa/pathology/



The laboratory

ISO accreditation 



Journal of Clinical Pathology



Laboratory accreditation

Change Control

Risk 
Assessment

Verification 
and 

Acceptance 

Comparability 
and 

Reproducibility

Training and 
Competency



Change Control

• Change control is essential for 
ISO15189

• Digital pathology was new to the 
laboratory
- new process
- new equipment
- new skills for lab staff

• Change control checklist ensures all 
aspects of implementation are 
addressed
- Health and Safety
- Stakeholder Engagement
- Process and Workflow changes



Risk Assessment

• All factors of digital pathology 

need to be assessed:

- Process/Workflow

- Work area

- Equipment used

• A new Display Screen 

Equipment (DSE) risk 

assessment must be 

completed

- for ALL users



Verification and Acceptance
• Verification requires laboratory evidence 

that scanners, software and databases have 

been adequately tested for their intended 

use, are working as required, and as the 

manufacturer stated

- scan time

- scan quality

- internal and external components of scanners

- uncertainty of measurement

• Written document submitted as evidence

• Run internal tests against the initial 

manufacturer’s installation and verification 

checklist



Verification and acceptance criteria 



Comparability and Reproducibility

• Reproducibility between scanners should be 
demonstrated
- Image quality (IHC and H&E)
- Assessed quarterly by experienced pathologist

- Breast core grading, sentinel lymph node 







Comparability and reproducibility

• Intra- and Inter-laboratory schemes

• Image exchange and comparison of scanned images from 

other laboratories

• Rescan previously scanned slides and ask pathologist to 

review case (can replace glass slide diagnostic quality audits)



Uncertainty of measurement– calibration 
slide

• Marked areas and details  with 

predetermined height/width 

used to assess whether 

scanned objects are captured 

to scale

• Supplier provides calibration 

certificate and data for the slide

• Laboratory audit



Uncertainty of measurement – clinical 
use

• Audit of clinically relevant measurement using software 

measurement tool/s and standard light microscopy

• Breslow thickness of melanoma, tumour size, margins

• Repeat measurements with glass slide and digital 

technology once a day for a few weeks

• Compare variability for both glass an d digital slide 

reads 

• Intra and inter pathologist variability metrics



Training and Competency

• Standard Operating Procedures need to be 

available for each task
- Workflow

- Calibration/Maintenance

- Troubleshooting

- Use of Software

• Laboratory staff training needs to be 

documented and updated
- Training booklet

- Competency assessment

- Any other training received



Training

Vendor training

Laboratory staff

• How to use scanners

• Maintenance

• Trouble shooting

• Vendor support procedures

Pathologists

• How to use software

• Trouble shooting

Local training

Laboratory staff

• Workflow specific

• Reflect competency frameworks for 
different roles

Pathologists

• Workflow

• Diagnostic validation

• Trouble shooting and support



Training Record



Training record



Scanner maintenance and calibration

• Follow vendor guidance

• Regular cleaning outer casing and inside

• Fans and vents

• Annual vendor servicing

• Calibration as per vendor guidance – refer to printed tables of values

• Camera alignment, stage alignment, RGB values



Maintenance schedule



In the diagnostic office

ISO accreditation



Can your pathologist……

• Demonstrate and explain how 

they report a case

• ID and report digital artefact/ 

other problems 

• Explain their validation 

experience and CPD

• Describe scope of safe practice

• Access supporting 

documentation



Supporting Documentation

Generic documents

• Digital slide reporting SOP

• Digital validation SOP

• Software user guide/manual

• Data collection template – exceptions/problem reporting

Individual documents

• DSE risk assessment

• Completion of validation/training certificate

• Record of training and validation meetings attended

• Summary validation statistics

• Signed document detailing scope of digital practice



Validation summary

Training
• 1:1 formalized training in digital 

microscope use

• Observed practice with feedback

Validation 1 

Training set

• Test set of 20 challenging and 
informative specialty specific cases

• View on digital, make notes, 
compare with glass immediately

Validation 2

Live cases

• Entire workload 
scanned (2 months)

• Diagnosis made on 
digital immediate 
glass check before 
sign out



Sample training set case:



Sample training set case:



Sample test set case:



Validation records

115

23

96

0

20

40

60

80

100

120

140

Prefer digital Prefer glass No preference

RMS case viewing preferences 
(n=234)
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Inspection…



An inspector calls…

NOT a tick box exercise!

Set procedures and paperwork in 

place as you plan and deliver your 

deployment

Ensure these procedures are 

meaningful and have training and 

developmental value to your 

colleagues



Everybody expects an inspection….

• Identify key team members and 
assign responsibility for 
laboratory and diagnostic aspects 
of the inspection

• Regularly review progress and 
documentation



Further Reading – Journal of Clinical Pathology
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Thank you!

Dr Bethany Williams

Lead for Digital Pathology Training and Education, National 
Pathology Imaging Co-Operative

Bethany.williams2@nhs.net



Get your free download!!!

www.virtualpathology.leeds.ac.uk

http://www.virtualpathology.leeds.ac.uk/
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Thank you!


