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Tele-Medicine and Digitization Not
New in Medical Devices

Digital Otoscopes
Digital Stethoscopes
Digital Cameras on Microscopes

Digital Video on Microscopes
Endoscopy and many more
Are Images Good Enough to Make DX? Yes



Digital Microscopes (Whole Slide Imaging: WSI)

Hamamatsu Olympus Claro...
Aperio Omnyx Phillips Ventana Leica Zeiss ...
and more



Different Tools - Same Image
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“Whenever science makes a discovery,
the devil grabs it while the angels are
debating the best way to use it.”

~Alan Valentine



... it’s not about
the tools,
it is about the
PEOPLE




Minimally Invasive Robotic Surgery eSurgery /
In Vivo Imaging/ Sequencing on a Chip

° - e The specimens we receive are
da V’"C’J getting smaller and smaller, yet
SURGICAL SYSTEM expected to obtain so much

more usable information




Does Viewing Pathology Images Place
Patient in Harms Way

Pathologists have 1:1 relationship with image be it
glass or digital

Not True for Chemistry/Hematology/Cytology
Analyzers

Glass Slide Always Available (Nearby, Courier Service)

Pathologists Can Always Go Back To Original Source
of Image



Why do Something Now?

Why paper isn’t the answer

Patients are worried

Cases ready to ship

| want to compare this to the
last specimen?

Where is the patient’s past
biopsy?

Collaboration is essential

. e ’ :

Where are the results?

“\3}%\

Waiting times are too long



Digital Pathology Can Make a Difference




What is WSI DIGITAL PATHOLOGY ePathology?

» ePathology is a complete scan of a microscopic glass
slide (eSlide) and the viewing of the eSlide on a
computer monitor through a software system

e ePathology is the process by which a patient’s
pathology results, including images, are available in
their electronic medical record

e ePathology Means Much More to Pathology Research
and Patient Care

* Engage Pathology more easily to support patient care
* Ease of access limited specialty resources
» Efficiently manage of turn-around time

» Effectively communicate critical information across care settings with different
providers and patients

* Expand Quality Assurance Tools
* Enable use of Mobile Technologies for Sharing & Education

e EXCITE and ENTICE Medical Students, Graduate Students, Histology Staff, and
Residents to an ever EVOLVING Specialty Career in Pathology Research and Clinical




All Pathology Images...

From Procedure Room — to Pathologist —
»*
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to Your Mobile Device!

Scanner
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eSlides Means All Pathology can be Integrated into the
LIS and Ultimately the EHR and/or What Else?

Radiology | .—_Pathologv




Severe Shortage of Pathologists and
Especially Subspecialists

O
U.Ss.

@ Sweden @ Canada
@ UK

German
% O y

subspecialist @Japan &
pathologists | /
Eastern Europe

. Note: Size of bubble

Middle , :
East . ' China proportional to case

volume growth rate

# pathologists per mil population



HHS Digital Priorities

STRATEGICGOAL 1:
HEALTH CARE

Strategic Objective 1.1:
Broaden health insurance and
long-term care coverage

Strategic Objective 1.2:
Increase health care service
availability and accessibility

Strategic Objective 1.3:
Improve health care quality,
safety, cost, and value

Strategic Objective 1.4:
Recruit, develop, and retain a
competent health care
workforce




Pathologists Can and Are Providing Help to
Hospitals/Communities with No Pathologists

Denotes Hospital
Coverage

Denotes Courier
Service Available

BELLINGHAM
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Ketchikan hospital pioneers new
telepathology technology

Pathologists can change focus, illumination and field of view at will
[ ——

KETCHIKAN - A mew telepaticlogy service effered in Ketehikan will allow surgeons in the operating
roam at Ketchikan General Hospital real time conssaltation with Northwest Pathology in Bellingham,
Wash.

Patbologists in Washingtos can change focus,
lumination, magniSication, asd Seld of view at
witt ma they nses an oaline interface t0 cxamise 5
romen tissue slide prepared in Ketchian.

WIJHL in parimership with ihe PeaceHealth
Laboratories and Northwest Pathology, is among.
the first bpitals s North Americi to use
bebepatiology (s an intraoperstive settisg. This
techmology has beem e for research, academic
Dty O Knlmidions (giel Mniphsl + instroction and gpeneral pathology consultatioss.
WIGH s pcescering thid e of the tecknokoy,
which ks beneficial 8o smaller boapitals where

technical experts sy Bt be neadily avallable.

The use o this technology will impeove patiest exre and padoce travel coets, & bospited spokesperson

waied
Asurgeon ut KGH will sabmit tissue for pathology during a procedure. 4 hi hogiat at

the Ketchikan lab will then freese the tissue, propare the slide and scan it. tn Bellingham, one of the
& 1l Yo it m celine s the alide muge g
disruus the results.

“This type of .... ‘intraoperstive’ consultation wsing belepathology (s just as sccurate and tissely s i
the pathologist was right there in the Ketchikan lab,” said Dr. Berle Stratton, cytopathologist with
Northwest Pathology. "Now, we cam bave immediate analysis of a frowen Hisne sample for any type of
surgery, even : ineas hours withet the deley and expense
of nrrasging for an o site visis*




Networks Using WSI are Enabling Regional Centers
to Provide Access and Assistance

Major technological advance improves cancer treatment at

Kuwait Cancer Control Center

Kuwait: Monday, July 09 - 2012 at 13:38

The University Health Network (UHN) in partnership with the Kuwait Cancer Control
Center (KCCC) and the support of the Ministry of Health, have installed cutting-edge
telepathology equipment in the KCCC laboratories

Telepathology is defined as the
'practice of pathology at a
Cancer Treatment Centers distance using
Award-Winning Cancer Centers telecommunications technology to
Specializing in Personalized Care. make it possible to transfer

e image-rich pathology data
between distant locations for the
purposes of diagnosis, education,

Discover the incredible benefits and and research.” UHN is a leader in

advantages of proton therapy. the field of telepathology.

Protons.com

The Chief Pathologist at the

Prostate Cancer Treatment Kuwait Cancer Control Centre
Prostate Cancer Specialists with a Non- (KCCC), Dr Salah Al-Waheeb, was
Invasive Alternative to Surgery asked by a colleague from a
wnw.cyberknifesfsocal.com = " R

AdChoices [> nearby hospital to look at

microscope slides of a tissue

specimen from a Kuwait citizen

that he thought had a rare type
of cancer.

Usually, when this type of situation arises; a biopsy is done to get a specimen from a
mass found in the body. This specimen is then placed on microscope slides to be
reviewed by a pathologist to confirm the type of cancer and its changes of
malignancy. Specialists would then be able to prescribe the correct treatment for the
diagnosed cancer.

Dr Salah Al-Waheeb looked at the microscope slides and requested that they be sent
for review by his Canadian colleague, a specialist pathologist located at UHN in
Toronto, Canada.

PRESS RELEASE
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HULT
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Easy and intuitive way
for Pathologists to
share cases with
Pathologists for expert
opinions

Seamless workflow for
requesting internal or
external sharing

Easily identify
collaboration requests



Use of eSlides Enabling Us to Do More
Without Traveling: A Sample

UCLA

May 06, 2010

Live tele-consultation of complex cases,
professional pathological diagnosis,
regular packaged delivery---these are
steps to guarantee the double check of
diagnosis of every patient’s pathology
by experts of both the Second Affiliated
Hospital Zhejiang University and UCLA
Medical Center. This is the perspective
on joint pathology consultation by the
Second Affiliated Hospital and UCLA
stated by Prof. Rao Jianyu, tenured
professor of pathology and
epidemiology at UCLA Medical Center,
Director of gynecologic pathology and

cytopathology

The medical diagnostic center at the
Second Affiliated Hospital Zhejiang
University is the first one UCLA Medical
Center is involved in, and it is an
exploratory pattern expected to benefit
not only people of Zhejiang Province,
but also of a wider area in near future.
This is regarded as one step toward the
goal of medical reform

It’s learned that UCLA Medical Center
has a reservoir of more than 30 experts
in pathology to provide remote medical
consultation service. Most of these
specialists in cell pathology, urinary
pathology, etc., have rich clinical
experiences with solid academic
background and patients with complex
cases or special requests can have their
pathological images transmitted to
UCLA for diagnosis

L3 Cleveland Clinic

Leveraging Digital Image Technology
Jor Rapid interpretation of
Immunohistochemical (IHC) Stained Slides

Incorporating technologcal advances in digtal imaging (e Siides)
enhancesieseach, education, and patient care across the dreet
and arcund the world, Cleveland Cinic L sboratones now offers
web-bazed eSlides of HC-stained slides 1o help aptimize clinical
workdlow for IHG

In colaboration with Aperic, @ provider and glebal leader of
ePathdogy Solutions, 8 secure internet site provides access

for clients toread immunchizochemicaly Sained eShdeson a
computer maonitos anytime, anywhere, When a case is opened,
all case, specimen and dlide information, a3 well 23 comols are
comveniently atyour fingertips.

The service provides access toeSlide confierencing and secure
messaging allowing the pathclogy community 1o engage in dialog
and erchange infomiation,

The opportunity to view Rained e Slides within 20 hours after the
blocks arrive at Cleveland Clinic may help clients follow 2 staining
algorthim rather than recuesing batches of 2 8ing, same o which
may ultimately be unnece ssary.

Abot UPHC | Oer Services | Find A Doctor | Hospitals & Facilites | Patieats & Visitors | Careers | Newsrosm

HEALTH CARE PROFESSIONALS

W Sl e Prrbnionas
" sy
bR, Fracice Sobdons
b il

y, Pkl Lab Nodces b
Phyiicais

, VR Dt Paboy
Consatio Pt

¥ Resgences dFekwsins

WPC Digital Pathology Consultation Portal

How T easier fran ave
P Pafiology espeds
dednen,

The LPUC Digial Palw
izt pition fees
soh danasis and panent

Hocess Top Eaperts

UPHC s on of ha et acadsmic pahology depariments in
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CHINA-UCLA WSI Telepathology

TELEPATHOLOGY: CLINICAL CARE AND MEDICAL
EDUCATION SPANNING THE GLOBE

The field of radiclogeal scienors han been uning digital rages
(X-ray MA, CT, and ultrmound) for diagnoatic purposes for mare
than 25 years. Untll fecently, the Nield of pthology had been
uwnable to perform smile dgitsl sralyses on patholggicsl ¢ mes
because i ="|.w5n ware of Lch poor 4_»’, hat dagroiis

Tages ra.auld:- ut'ub-hn.tt © ke moce d.q‘r»’! over
n:rLar,.,er dstances— 24 hours 2 day, T days aweck

Under the leadership of Scott Binder, MD, senkor vice chatr for
Chric o Services, the depa i ment Cont nues 10 expand £ §

y expeer tine via telepathology. Binder i keading work, n
sction with the Univer sy of

a UC system-wide initiative to mplement this new
chndlogy to 8 network of 8- 10 remote hospitali throughout
the state of Calfiormia These sites would have the sbility to snd

high guality images of pathology sides to UCLA pathologhts
Over B secure It ernet conmec tion, which would enable a growp
of pathologinty wat hout subspeciaity expert be 1o consull with
the departrment’s expert team of pathologi 1 for advanced
u.gmln_ ;x. poses. This tec oduces a windfall of
™ its, f esidents, and

cine. it erhances

chinkcal tr m,.tl-y; p'-.lh* epo nie tosome of the
vl % most compléa pathological cases. 1t slso benelies the
UCLA scbent ific community by providing matensl for resesrch

California (UC) Officenithe U

v es0teric Laiting, For eample, the challenging cses mat for
el epat hology conpultst ions wre being wied to enhance and
epand the Department's mobecutar patw,w‘ merging
FENOmIcs programs

_lfi-p.:r!'—\ﬂ— aln ¢ ontinues b _'De..—»_q. L.‘n\'l

et
Jrch lusted o prui Thegang Unbversity
rently sends an ncreming number of challerging

3 been sending ther pathologests to

posure to technology and testing not
Currently Jnd-#r Chna O the other hand, UCLA

pathol ogists have been regularty visit ing SAHIU to leam from

their weal b of experwnce with the larpe number of patients

they haie encountered in the past decade. The goal s to

colabonte even more closely over the nest few years, and the

result of this coliabor stion muay be & new joint dagnostic cemter

uthng Lhe acvanged technologies of !lk;u‘,l;.: ofy. moleculs

o create the most advanced cancer
diagnanitic i, und der the leadership of both UCLA

asowe: inaugural Ceremony and Video Confer ence of
Tel epachology Agree ment bet wee n UCLA- Second AN ate
Hogpiral of The iamg Undve reity

o LCLA P.s{h'.ﬂ ofy lor diagnodtic puipoies

TELEPATHOLOGY CLINICAL CARE AND MEDICAL
EDUCATION SPANNING THE GLOBE

*Major Medical Centers Providing Increased Access
and Education To China and Other Countries with
Shortage of Pathologists

*The department also continuesto develop a
successful telepathology exchange with a
prestigious health centerin China

*The prestigious Second Affiliated Hospital Zhejiang
University (SAHZU) currently sends an increasing
number of challenging digitized slides/cases to
UCLA Pathology for diagnostic purposes

*The goal is to collaborate even more closely over
the next few years, and the result of this
collaboration may be a new joint diagnostic center
using the advanced technologies of telepathology,
molecular pathology and genomics to create the
most advanced cancer diagnosticcenterin China,
under the leadership of both UCLA and SAHZU
pathologists



Improving Access To Care in USA
Using WSI?

Under the leadership of Scott Binder, MD, senior vice chair for Clinical
Services, the department continues to expand its pathology expertise via
telepathology

Binder is leading work, in conjunction with the University of California
(UC) Office of the President, on a UC system-wide initiative to implement
this new technology to a network of 8—-10 remote hospitals throughout
the state of California. These sites would have the ability to send high
quality images of pathology slides to UCLA pathologists over a secure
Internet connection, which would enable a group of pathologists without
subspecialty expertise to consult with the department’s expert team of
pathologists for advanced diagnostic purposes

This technology also produces a windfall of educational opportunities for
medical students, residents, and fellows in the David Geffen School of
Medicine. It enhances clinical training by providing greater exposure to
some of the world’s most complex pathological cases. It also benefits the
UCLA scientific community by providing material for research



Major Medical Centers Enabling WSI

to be Received by Their Subspecialist Experts
UPMC e 28T inovsravces

Welcome to the UPMC Digital Pathelogy Consultation Service

Introdaction

T Connect with our team of
internationally recognized leaders in
Friee CME Courses pathology when you need a second
set of eyes and subspecialty
expertise,

Expert
- Second
- Opinions -

Our patholegists, who are physicians

Contact Us at UPMC and faculty of the University =
of Pittsburgh, deliver their expertise N M b l
Home and high-quality consultation directly Ow 0 l e
to your practice, hospital, or lab. The
Usemanme: UPMC Digital Pathology Consultation .
Portal il of P y @l the L y of Pittsburgh

Passwork

Now it's easier than ever to send
your slides electronically via a secure
Lagn internet connection through the
UPMC Digital Pathology Consultation
Portal. Regcelve rapldocggnsultar!inns
with no mail, courier, or
inconvenience required.

LIFE
UP ,‘\ / I CHANGING
MEDICINE

The digital portal gives you a To All A1 tha Depariment of Patnclogy of UPMC, ihe paiologists of the Dniversiy of
valuable second opinion necessary Surgicaland bbby ’ el -
to be accurate and efficient in both diagnosis and treatment. Cytopathologists: :

Raly, India, 2nd eland. The Imitation fo increased vsage is often

cost of purchasing imaging systems fhat connect 1o your micrascope,

Qur pathologsts have now been able 1o construct & simple appiication for your
smartphana that when uliitoed with an eyepiece adapter, will aliow you 10 send static
imagas andlor videos of your glass siides o the pathologists 1 the University of
Patsburgh Medical Cenler for immediate remote consuliation.  The process is
simple, eagy, and while bast sulted for PRones. can b applied 1o any

This eptien will allow you to access the subspeciaty skils and expertise of over 100
sungical and cytopathalogists who practics in our subspecialty Center of Excellonco
mocdel Of diagRossc PELNOIOY (Wi DA eIy U Gal).

Fer moiw informaion, please coniach

E'—.:ﬂ_l:*' T T A T T P T
il Pacwan, MD, PHD

(pacwaninvE BT ed: 412.673-1326) &

Liran Pantandwiez. MO L

PSR RS PR -




Digital pathology:

International Academy of Digital Pathology "
Congress 2011 a p Pathology diagnosis & Telepathology
o ) ) Daily surgical pathology
Digital Pathology in Asia CAP validation of digital pathology
Image Analysis
Robert Y. Osamura,MD Frozen section diagnosis
International University of Health and Welfare{IUHW) Consultation =

IUHW Mita Hospital Tokyo Japan

Teaching
Archiving the cases

I IR

) r: Fr—n T | - ¢ ‘
Quebec city Telepathology by satellite July 2010 Vilppu J. Tuominen and Jorma Isola:

August g, 2011 = :
Journal of Digital Imaging, 2010

) Japan Aerospace Exploration Agency
IUHW Mita Hospltal Q’ (JANA).

WESORELT

Ryukyu University
Okinawa

Its function in the Asia
is expected.

Digital Pathology in Canada

oid carcinoma
Infrannuclear
inclusions

Toronto Ontario

Adenocarcinoma
Lung Cytology

Quebec project

Virtual microscope:Aperio
Image:acceptable
Intercbserver variation:minimal
Time lag: when we change the
fields or magnification

When we think about DP in Asia,
we refer to the networks in Canada.
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First Full Adoption Hospital

ADVANCE, February, 2010

First hospital in the
world to adopt digital
pathology for 100% of

their histology work (over
60,000 slides / yr.)
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Medical Schools Not Waiting

Jamie TsuiSlanford EdTech

Staff help students Aug. 19 to sel up the iPads they just
receved.

Stanford Medical Students




Mobile Applications

Use of Annotations

¥l Scale: 9.58X
I Fit 1x 2x 4x
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Education Using WSI is Now Critical Part Training

Pathology Residents How to Diagnose
Prepare for Board Certification and in Board Testing

Development and use of a genitourinary
pathology digital teaching set for trainee
education

Li Li,* Bryan J. Dangott,2 and Anil V. Parwani?

1Department of Pathology, Albany Medical Center, 43 New Scotland AveAlbany, NY, 12208, USA

2Center for Pathology Informatics, Department of Pathology, University of Pittsburgh Medical Center,
Pittsburgh, PA 15232, USA

Anil V. Parwani: parwaniav@upmc.edu

April 5, 2010.

A teaching set of over 295 glass slides has been
used for resident training at the Division of
Genitourinary Pathology, Department of Pathology,
University of Pittsburgh Medical Center (UPMC)

ePathology - eMobile - eLearnin
Whole slide imaging technology and computer &Y -

accessibility have advanced to the point that virtual
microscopy can be integrated into a pathology
residents' educational activities. The digital teaching
set we developed provided additional benefits of
using the glass slides


mailto:parwaniav@upmc.edu

Education Using WSI is Now Critical Part Training

Pathology Residents How to Diagnose
Prepare for Board Certification and in Board Testing

e Development and use of a genitourinary
pathology digital teaching set for trainee
education

e  LiLi!BryanJ. Dangott,2 and Anil V. Parwani?

e 1Department of Pathology, Albany Medical Center, 43
New Scotland AveAlbany, NY, 12208, USA

*  2Center for Pathology Informatics, Department of
Pathology, University of Pittsburgh Medical Center,
Pittsburgh, PA 15232, USA

J Anil V. Parwani: parwaniav@upmc.edu

e April 5, 2010.

A teaching set of over 295 glass slides has been used for
resident training at the Division of Genitourinary
Pathology, Department of Pathology, University of
Pittsburgh Medical Center (UPMC)

Whole slide imaging technology and computer
accessibility have advanced to the point that virtual
microscopy can be integrated into a pathology residents'
educational activities. The digital teaching set we
developed provided additional benefits of using the glass
slides
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Does Color Make A Difference in Routine
H&E Diagnosis

Colorblindness in pathologists same as general
population

Can pathologists with cataracts make accurate
diagnosis (color perception is impacted by cataracts)

Image quality not color is what matters
Wide variation in H&E recipes in different labs

Individual pathologists have personal preferences for
stain color

Different tissues/cold ischemia time/fixation many
other daily variables impact H&E slides



Pathologists are Trained for
Slide Stain Variation

* Pathologists receive slides for consultation or patient
referred to your institution and slides reviewed

e Some major cancer referral centers have half or more
of all slides examined coming from outside histology
labs with wide variation in staining color

 Pathologists are trained to reject images that are
not of sufficient quality to make a diagnosis be they
glass or digital



Observer Performance Using Virtual Pathology Slides:
Impact of LCD Color Reproduction Accuracy

Elizabeth A. Krupinski & Louis D. Silverstein &

Syed F. Hashmi & Anna R. Graham &

Ronald S. Weinstein & Hans Roehrig

Published online: 1 May 2012

# Society for Imaging Informatics in Medicine 2012

In terms of the lack of a significant difference in diagnostic
accuracy, it simply may be that color, although a very important
aspect of the pathology images, is not the only diagnostic
feature that pathologists use during the interpretation process,
so completely accurate rendering may not be as important as

one would think.

There are many features that the pathologist processes visually when examining a
typical specimen slide. The configuration of the cells and the cell structures are critical
for example in determining whether a given specimen is benign or malignant, and
although color may aid in visualizing these structures, it is the basic configuration and
relationship between the structures that matter rather than color.



Heterogeneity in Cancer

With Static Devices Person asking for Help is Selecting Area of Interest

‘r".'.',“{ .

?t\!*? Staghorn pattern bRl KEBS* Signet-ring cells

: i Rosettoid pattern

MM Burnier, AN Odashiro, BF Fernandes. Conjunctival Melanoma with orbital invasion. Ocular
Pathology Course, AP meeting, Sao Paulo 2010



WSI Enabler of Precision Medicine
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FDA Class Determination

Device classification depends on the
intended use of the device and also upon
indications for use. For example, a
scalpel's intended use is to cut tissue. A
subset of intended use arises when a

more specialized indication is added in the

device's labeling such as, "for making
incisions in the cornea". Indications for
use can be found in the device's labeling,
but may also be conveyed orally during
sale of the product. A discussion of the
meaning of intended use is contained in
Premarket Notification Review Program
K86-3.

In addition, classification is risk based,
that is, the risk the device poses to the
patient and/or the user is a major factor
in the class it is assigned.

Class | includes devices with the lowest
risk and Class lll includes those with the
greatest risk.

Sec. 892.2030 Medical image digitizer.

Identification. A medical image digitizer
is a device intended to convert an analog
medical image into a digital format.
Examples include systems employing
video frame grabbers, and scanners
which use lasers or charge-coupled
devices.

Classification. Class Il (special controls;
voluntary standards—Digital Imaging and
Communications in Medicine (DICOM)
Standard, Joint Photographic Experts
Group (JPEG) Standard



Class 2 Devices: Examples

Cardiovascular diagnostic devices
The arrhythmia detector and alarm device monitors an electrocardiogram

Magnetic resonance diagnostic device

A magnetic resonance diagnostic device is intended for general diagnostic
use to present images which reflect the spatial distribution and/or
magnetic resonance spectra which reflect frequency and distribution of
nuclei exhibiting nuclear magnetic resonance

Gastroenterology-urology devices

An endoscope and accessories is a device used to provide access,
illumination, and allow observation or manipulation of body cavities,
hollow organs, and canals

Clinical chemistry and clinical toxicology devices

A blood gases (PCO2, PO2) and blood pH test system is a device intended
to measure certain gases in blood, serum, plasma or pH of blood, serum,
and plasma

Automated and semi-automated hematology devices

An automated differential cell counter is a device used to identify one or
more of the formed elements of the blood.
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My Recommendations

o WSI for primary diagnosis should have a fast track for
clearance, so all US patients can benefit from having access
to same levels of pathology services as those available to
patients anywhere else in the world

 The medical director should continue to use standard
methods for validation and determine when and how to
introduce WSI technology in the laboratory, as is the
practice for other laboratory specialties under CLIA

e WSI should be treated as no more than a Class 2 device

In Conclusion
Digital Pathology (WSI ) for primary diagnosis has been used around the world for
many years with
no evidence of risk or harm to patients or user



“Everyone here has the sense that
right now is one of those moments
when we are influencing the
future.”

— Steve Jobs
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