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KALMAR ??KALMAR ??

Kalmar Kalmar municipalitymunicipality: 62.000 : 62.000 
inhabitabitantsinhabitabitants

Kalmar Kalmar countycounty: 235.000 : 235.000 inhabitantsinhabitants
and 3 hospitalsand 3 hospitals

PathologyPathology departmentsdepartments: 1: 1PathologyPathology departmentsdepartments: 1: 1

DistancesDistances: : Stockholm 310 kmStockholm 310 km

Copenhagen 260 kmCopenhagen 260 km

Vilnius 604 kmVilnius 604 km

San Diego 9150 kmSan Diego 9150 km



BackgroundBackground

•• In December 1999 In December 1999 wewe startedstarted ourour digital digital telepathologytelepathology
service of service of frozenfrozen sectionssections to Västervik (150 km to Västervik (150 km northnorth of of 
Kalmar) Kalmar) usingusing 2 2 PathsightPathsight™™ stations.stations.

•• The The trimmingtrimming, , sectioningsectioning and and stainingstaining waswas performedperformed by by 
technicianstechnicians in the Dept. of in the Dept. of clinicalclinical chemistrychemistry, Västervik., Västervik.

•• Images (and sound) Images (and sound) werewere transferred via 6 ISDN transferred via 6 ISDN lineslines. A . A •• Images (and sound) Images (and sound) werewere transferred via 6 ISDN transferred via 6 ISDN lineslines. A . A 
veryvery timetime--consumingconsuming techniquetechnique..

•• PrimaryPrimary usageusage: : parathyroidparathyroid and and sentinelsentinel nodenode
diagnosticsdiagnostics..

•• In In JanuaryJanuary of 2008 the of 2008 the PathsightPathsight™™ systemsystem waswas replacedreplaced
by a small by a small AperioAperio ScanscopeScanscope scanner.scanner.



Why did Kalmar continue beyond Why did Kalmar continue beyond 
the digital telepathology frozen the digital telepathology frozen 

sections? sections? 

•• When one of our collegues got acute When one of our collegues got acute 
problems from his cervical spine we problems from his cervical spine we problems from his cervical spine we problems from his cervical spine we 
started to investigate different possibilities started to investigate different possibilities 
to minimize the working hours in the to minimize the working hours in the 
microscope.microscope.

•• Could the digital technique be a possible Could the digital technique be a possible 
solution?solution?



What is the status in the world What is the status in the world 
today regarding digitalisation of today regarding digitalisation of 

histopathology  ?histopathology  ?

•• DigitalisationDigitalisation is is gaininggaining groundground butbut mainlymainly
for for educationaleducational purposespurposes, research, , research, 
consultationsconsultations and and frozenfrozen sectionssections..consultationsconsultations and and frozenfrozen sectionssections..

•• As far as I As far as I knowknow Kalmar is the first Kalmar is the first lablab in in 
the world the world usingusing this this techniquetechnique routinelyroutinely for for 
primaryprimary diagnosticsdiagnostics of of virtualvirtual slidesslides on the on the 
monitor.monitor.



Our Our mainmain reasonsreasons for for digitalisationdigitalisation

•• ImprovedImproved ergonomicsergonomics..
•• NetworkingNetworking with with otherother pathologypathology•• NetworkingNetworking with with otherother pathologypathology

laboratorieslaboratories..



Other advantagesOther advantages

•• Working at a distance (e g from home).Working at a distance (e g from home).
•• Networking with labs having capacity and top Networking with labs having capacity and top 

notch knowledge. Possibility to redistribute notch knowledge. Possibility to redistribute 
diagnostic material.diagnostic material.

•• Consultations are easily made.Consultations are easily made.•• Consultations are easily made.Consultations are easily made.
•• Pathology conferences without glass slides.Pathology conferences without glass slides.
•• Measurements are easy (more objective Measurements are easy (more objective 

pathology).pathology).
•• Image analysis (prognostics, prediction).Image analysis (prognostics, prediction).
•• Easier to recruit young pathologists.Easier to recruit young pathologists.



ProblemsProblems

•• The data The data volumesvolumes becomebecome ””enormousenormous”.  The Kalmar ”.  The Kalmar lablab
initiallyinitially estimatedestimated 36 36 Tb/yearTb/year ((--06: 16781 reports, 59412 06: 16781 reports, 59412 
slidesslides, 0.6 , 0.6 Gb/slideGb/slide duringduring the the validationvalidation).).

•• OnlyOnly 1 1 focalfocal planeplane, i e it is not , i e it is not possiblepossible to to focusfocus throughthrough
the specimen. Scanning at multiple the specimen. Scanning at multiple focalfocal planes planes 
increasesincreases the data the data volumevolume as as wellwell as the as the scanscan time.time.increasesincreases the data the data volumevolume as as wellwell as the as the scanscan time.time.

•• Our tests Our tests showedshowed that scanning at 200X and a that scanning at 200X and a 
compressioncompression qualityquality of 70 of 70 resultedresulted in an in an averageaverage scanscan
time/slidetime/slide of 5 of 5 minutesminutes ((usingusing slidesslides not not optimizedoptimized for for 
scanning).scanning).

•• Scanning at 200X gives a Scanning at 200X gives a limitinglimiting resolutionresolution regardingregarding
high power high power diagnosticsdiagnostics. Scanning at 400X . Scanning at 400X resultsresults in 3 in 3 
timestimes as as longlong scanscan time as time as wellwell as as largerlarger data data filesfiles..

•• The The precisionprecision of the of the lablab must must improveimprove. . 



The processThe process

•• RequestRequest for tenders from the EC (Dec for tenders from the EC (Dec --
06).06).

•• Testing of 3 different scanners (2007).Testing of 3 different scanners (2007).
•• Hardware, Hardware, networknetwork, software , software updatesupdates, , •• Hardware, Hardware, networknetwork, software , software updatesupdates, , 

adjustmentsadjustments etc. (etc. (FebrFebr 2008).2008).
•• The The validationvalidation process (4/3 process (4/3 –– 27/9 2008).27/9 2008).
•• Up and Up and fullyfully runningrunning (1st of (1st of OctOct 2008).2008).



Our choice of hardOur choice of hard-- and softwareand software

•• Scanners: 2 Scanners: 2 AperioAperio ScanscopeScanscope XT (resolution XT (resolution 
50.000 50.000 pixels/inchpixels/inch at 200X at 200X magnificationmagnification). /LRI). /LRI

•• Image Image databasedatabase: : PicsaraPicsara //EuromedEuromed Networks. Networks. 
IncludedIncluded an an existingexisting connectionconnection to to SymPathySymPathy!!

•• SymPathySymPathy LIS (LIS (TietoTieto). ). DevelopedDeveloped the 2D the 2D •• SymPathySymPathy LIS (LIS (TietoTieto). ). DevelopedDeveloped the 2D the 2D 
datamatrixdatamatrix barcodebarcode of the of the slideslide labelslabels..

•• Workstations: 8 Dell Precision 3400 (4 Workstations: 8 Dell Precision 3400 (4 GbGb RAM RAM 
and and NvidiaNvidia QuadroQuadro FX 3700 with 512 RAM).FX 3700 with 512 RAM).

•• EachEach workstationworkstation has 2 LCD monitors (Dell 20” has 2 LCD monitors (Dell 20” 
and 30”).and 30”).



Scanscope XT scanner



Loading 120 slides





The modern pathologist´s cockpit

Picsara interface
Imagescope interface

SymPathy interface

(Old fashioned microscope)



Necessary adjustmentsNecessary adjustments

•• TransitionTransition to 2D to 2D datamatrixdatamatrix barcodesbarcodes on the  on the  slideslide labelslabels..
•• TrimmingTrimming: : cutcut smallersmaller specimens!specimens!
•• Clean Clean slidesslides, , qualityquality of the of the sectionssections, , fewerfewer sections/slidesections/slide, , 

positioningpositioning of the of the sectionssections on the on the slidesslides, , stainingstaining, , 
coverslipcoverslip precision, precision, dryingdrying of the of the slidesslides etc. etc. coverslipcoverslip precision, precision, dryingdrying of the of the slidesslides etc. etc. 

•• LogisticsLogistics withinwithin the the lablab: for : for exampleexample, , ourour secretariessecretaries
managemanage the scanning (the scanning (includingincluding the manual the manual rescansrescans) ) 
and and distributedistribute the the slidesslides to the  to the  pathologistspathologists..

•• The The pathologistpathologist: it : it takestakes somesome time to trust the image on time to trust the image on 
the monitor. the monitor. WhatWhat is is difficultdifficult to to diagnosediagnose on the monitor on the monitor 
is is probablyprobably just as just as difficultdifficult in the in the microscopemicroscope..



The validation process

•• Duration: 6,5 Duration: 6,5 monthsmonths. 3 . 3 consultantsconsultants and 1 resident.and 1 resident.
•• 1 1 colleaguecolleague in Karlskrona for in Karlskrona for consultationsconsultations (extra(extra--

regionallyregionally via via SjunetSjunet).).
•• EachEach specimen specimen waswas primarilyprimarily diagnoseddiagnosed on the monitor on the monitor 

and and immediatelyimmediately thereafterthereafter in the in the microscopemicroscope. . EachEach
specimen specimen waswas documenteddocumented in a in a protocolprotocol..
and and immediatelyimmediately thereafterthereafter in the in the microscopemicroscope. . EachEach
specimen specimen waswas documenteddocumented in a in a protocolprotocol..

•• The The validationvalidation diddid not not onlyonly concernconcern the the diagnosticdiagnostic
correctnesscorrectness butbut alsoalso changeschanges of of laboratorylaboratory routinesroutines, , 
logisticslogistics, servers, , servers, networknetwork, interfaces, , interfaces, firewallsfirewalls as as wellwell as as 
calculationcalculation of the of the requiredrequired data data storagestorage volumevolume..



Experiences from the validationExperiences from the validation

•• 14.326 14.326 slidesslides (of (of mostmost topographiestopographies och och proceduralprocedural
typestypes) ) werewere scannedscanned at 200X at 200X magnificationmagnification usingusing
compressioncompression qualityquality 70. Time 70. Time requiredrequired: 5 : 5 minutes/slideminutes/slide..

•• 24 hr scanning has 24 hr scanning has workedworked veryvery wellwell. All . All slidesslides (with (with fewfew
exceptionsexceptions) ) werewere mechanicallymechanically transportedtransported OK in the OK in the 
scanner.scanner.scanner.scanner.

•• VeryVery fewfew problems problems relatingrelating to the scanner, to the scanner, whichwhich waswas
automaticallyautomatically restartedrestarted eacheach morning morning beforebefore work. work. 

•• 2 2 webweb camscams werewere installedinstalled in the scanner in the scanner connectedconnected to to 
the the companycompany LRI to LRI to helphelp rapid support.rapid support.

•• At At automaticautomatic scanning 2% of the scanning 2% of the slidesslides werewere refusedrefused by by 
the scanner (2 the scanner (2 slidesslides of 100 of 100 neededneeded a manual a manual rescanrescan) ) 
usingusing parameter setting ”parameter setting ”coverslipcoverslip”. ”. InitiallyInitially the the 
parameter setting parameter setting waswas ””nonenone” (5% ” (5% refusedrefused slidesslides).).



Experiences from the validationExperiences from the validation

•• RegardingRegarding the the diagnosticdiagnostic casescases you you dondon´́tt
gaingain anythinganything by scanning at 400X (by scanning at 400X (butbut
you you increaseincrease the the scanscan time time threefoldthreefold and and 
the image the image sizesize increasesincreases as as wellwell).).the image the image sizesize increasesincreases as as wellwell).).

•• The The compressioncompression qualityquality factorfactor has has beenbeen
increasedincreased to 70 for to 70 for betterbetter image image qualityquality
(initial setting 20(initial setting 20--30). An 30). An increaseincrease beyondbeyond
70 ”70 ”killskills” the  ” the  workstationworkstation..



Experiences from the validationExperiences from the validation

•• 606 cases (2480 slides) were diagnostically 606 cases (2480 slides) were diagnostically 
validated. In 2 cases (0,3%) the diagnoses were validated. In 2 cases (0,3%) the diagnoses were 
changed after conventional microscopy (1 changed after conventional microscopy (1 
missed fungus, 1 missed Helicobacter) missed fungus, 1 missed Helicobacter) –– both both 
cases high power diagnostics.cases high power diagnostics.

•• Scanning at 200X magnification is insufficient for Scanning at 200X magnification is insufficient for •• Scanning at 200X magnification is insufficient for Scanning at 200X magnification is insufficient for 
counting mitoses and any other high power counting mitoses and any other high power 
diagnostics.diagnostics.

•• In those cases we use the microscope or ask for In those cases we use the microscope or ask for 
a rescan at 400X magnification.a rescan at 400X magnification.

•• Image transfer via Sjunet (10Mbit) to Karlskrona Image transfer via Sjunet (10Mbit) to Karlskrona 
is working OK.is working OK.



Experiences from the validationExperiences from the validation

•• Our subjective opinion: in many cases the digital Our subjective opinion: in many cases the digital 
diagnostics is superior (e g the overview, diagnostics is superior (e g the overview, 
measurements, comparing ”slides”).measurements, comparing ”slides”).

•• >75% of all  histopathology can be diagnosed on >75% of all  histopathology can be diagnosed on •• >75% of all  histopathology can be diagnosed on >75% of all  histopathology can be diagnosed on 
the monitor.the monitor.

•• Compared to conventional microscopy, where Compared to conventional microscopy, where 
the position of the head is quite fixed, using the the position of the head is quite fixed, using the 
monitor for diagnostics has definitely improved monitor for diagnostics has definitely improved 
the ergonomics.the ergonomics.



Clearly improved ergonomics!

The modern
pathologist

Coffee!Coffee!



Data storageData storage
•• After After adjustmentsadjustments of the of the trimmingtrimming of specimens and the of specimens and the lablab

proceduresprocedures the the averageaverage data data sizesize of a of a slideslide has has decreaseddecreased from 0,6 from 0,6 
GbGb to 0,4 to 0,4 GbGb..

•• The Kalmar The Kalmar lablab today today needsneeds 24 000 24 000 Gb/yearGb/year ((excludingexcluding cytologycytology) for ) for 
image image storagestorage..

•• HoweverHowever, , ourour primaryprimary incentiveincentive to to diagnosediagnose virtualvirtual slidesslides waswas to to 
achieveachieve improvedimproved ergonomicsergonomics..achieveachieve improvedimproved ergonomicsergonomics..

•• ConsequentlyConsequently the images the images cancan be be deleteddeleted after the report is after the report is finishedfinished
((includingincluding eventualeventual consultationconsultation, , clinicoclinico--pathologicalpathological conferenceconference
etcetc).  ).  CutCut offoff is set to 6 is set to 6 monthsmonths. . 

•• 12 000 12 000 GbGb is is whatwhat wewe havehave today as a today as a constantconstant storagestorage volumevolume. . 
•• A script is A script is runrun automaticallyautomatically to to preventprevent fillingfilling up the up the hardhard drive. drive. 



Are we allowed to delete virtual Are we allowed to delete virtual 
slides being the basis for reports?slides being the basis for reports?

•• The The virtualvirtual slidesslides werewere shownshown duringduring the the 
validationvalidation to be to be exactexact copiescopies of the glass of the glass slidesslides..

•• The original The original slidesslides are are alwaysalways delivereddelivered to the to the 
pathologistpathologist, so , so he/shehe/she cancan choosechoose whetherwhether to to pathologistpathologist, so , so he/shehe/she cancan choosechoose whetherwhether to to 
useuse the the oldold fashionfashion microscopemicroscope or the or the virtualvirtual
microscopymicroscopy techniquetechnique..

•• ThereforeTherefore the image the image cancan be be deleteddeleted whenwhen the the 
casecase is is closedclosed. The original . The original biologicbiologic material material 
(blocks and (blocks and slidesslides), ), howeverhowever, is , is filedfiled
permanentlypermanently..



Continued development Continued development 

•• ApplyingApplying semiautomaticsemiautomatic or or automaticautomatic techniquestechniques for for 
measurementsmeasurements, e g , e g percentagepercentage cellularcellular distribution, distribution, 
nuclearnuclear area/dysplasiaarea/dysplasia etc. etc. MoreMore objectiveobjective pathologypathology..

•• Image Image analysisanalysis for for predictionprediction, e g ER/PGR, HER, e g ER/PGR, HER--2, Ki2, Ki--67 67 
index. index. CommerciallyCommercially availableavailable FDAFDA--approvedapproved modulesmodules
alreadyalready existexist. . MoreMore reproduciblereproducible predictionprediction..alreadyalready existexist. . MoreMore reproduciblereproducible predictionprediction..

•• ImprovementsImprovements of the of the interfacesinterfaces, , HIDHID etc. etc. VoiceVoice
recognitionrecognition??

•• Scanning at multiple Scanning at multiple focalfocal planes as standard to planes as standard to allowallow for for 
focusingfocusing throughthrough a a sectionsection..

•• Faster scanning at 400X Faster scanning at 400X magnificationmagnification to to allowallow for for usageusage
of high power of high power diagnosticsdiagnostics of all of all slidesslides..



ContinuedContinued developmentdevelopment

•• Scanning of Scanning of largelarge sectionssections, >2x normal , >2x normal slideslide
sizesize (e g (e g prostatectomiesprostatectomies, , breastbreast cancers, cancers, rectalrectal
carcinomascarcinomas, , WhippleWhipple specimens). specimens). 

•• DigitalisationDigitalisation of of cytologycytology usingusing the the liquidliquid basedbased
techniquetechnique ((circlecircle of 10of 10--20 mm diameter with 20 mm diameter with techniquetechnique ((circlecircle of 10of 10--20 mm diameter with 20 mm diameter with 
cells in a cells in a monolayermonolayer) ) resultingresulting in a in a reasonablereasonable
scanscan time at 400X and time at 400X and relativelyrelatively small data small data 
volumesvolumes comparedcompared to scanning of to scanning of wholewhole slidesslides..



The Kalmar The Kalmar lablab todaytoday
•• >100,000 >100,000 histopathologyhistopathology slidesslides havehave beenbeen scannedscanned..
•• SlideSlide scanning scanning dayday and night.and night.
•• 2.5 2.5 yearsyears of of experienceexperience of digital of digital routineroutine histopathologyhistopathology diagnosticsdiagnostics..
•• >75% >75% of of routineroutine histopathologyhistopathology is is diagnoseddiagnosed digitallydigitally..
•• 11 11 yearsyears of of experienceexperience of digital of digital telepathologytelepathology frozenfrozen sectionssections..
•• SomeSome locallocal clinicoclinico--pathologicalpathological conferencesconferences are are donedone digitallydigitally..
•• IndividualIndividual digital digital slideslide conferencingconferencing (on (on requestrequest of of clinicianclinician).).
•• ImmunohistochemicalImmunohistochemical image image analysisanalysis usingusing FDA FDA approvedapproved modulesmodules

(ER/PGR, HER(ER/PGR, HER--2) 2) havehave beenbeen installedinstalled as as wellwell as the image as the image analysisanalysis
program Genie.program Genie.

•• A system for A system for liquidliquid basedbased cytologycytology has has recentlyrecently beenbeen installedinstalled..



Sweden todaySweden today

•• The western, the The western, the southernsouthern and the and the southsouth--
easterneastern regions are regions are planningplanning to to copycopy the the 
Kalmar Kalmar conceptconcept to to buildbuild regional digital regional digital 
networksnetworks..

•• The The pathologypathology lablab in Jönköping in Jönköping usesuses a a 
SwedishSwedish--speakingspeaking HungarianHungarian pathologistpathologist
in in HungaryHungary for distant digital for distant digital routineroutine
diagnosticsdiagnostics..



The paradigm The paradigm shiftshift in in pathologypathology

•• The hardware The hardware microscopemicroscope has has beenbeen
transformedtransformed intointo a software a software integratedintegrated in in 
the the laboratorylaboratory information system.information system.

•• UsingUsing virtualvirtual slidesslides image image analysisanalysis and and •• UsingUsing virtualvirtual slidesslides image image analysisanalysis and and 
digital digital measurementsmeasurements willwill probablyprobably resultresult
in in betterbetter predictionprediction and and reproducibilityreproducibility..



So ……….So ……….

•• The The futurefuture is is herehere..
•• The The platformplatform is is ready.Theready.The conceptconcept is in is in 

version 1.2 (not version 1.2 (not perfectperfect butbut workingworking).).
•• JoinJoin up so up so wewe cancan increaseincrease the pressure the pressure •• JoinJoin up so up so wewe cancan increaseincrease the pressure the pressure 

on the on the companiescompanies to deliver the to deliver the 
improvementsimprovements wewe needneed in order to get a in order to get a 
betterbetter instrument instrument thanthan ourour oldold microscopemicroscope..

•• LETLET´́S GET CONNECTED!!S GET CONNECTED!!



THANK YOU !THANK YOU !

•• IfIf you you wouldwould like to like to contactcontact meme I am I am 
workingworking at the University Hospital in at the University Hospital in 
Linköping in the Department of Linköping in the Department of PathologyPathology
and Clinical and Clinical GeneticsGenetics as as of August 16 of August 16 ..

My new My new emailemail: : sten.thorstensson@lio.sesten.thorstensson@lio.se


