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Peripheral blood

1960

1970

1980 1990 2000 2010 2020

1st Generation

Original Stand-Alone Instruments

2nd Generation
Flow Cytometry-Based Instruments

1961 CELLSCAN Leukocyte
Pattern Analyzer

1966 Cydac Scanning
Microscope System

1976 Hematrak Automated
Differential Counter

1979  Abbott ADC-500

1980 Coulter diff3

Low accuracy

Low speed

1977  Technicon Hemalog D

1979 Coulter S-Plus 3rd Generation
2001 CellaVision DiffMaster

1986 Sysmex CC-800 Octavia
2004  CellaVision DM96
2009  CellaVision DM1200

Accurate quantitation 2014  CellaVision DM9600
Faster TAT

2017  Sysmex DI-60

’ 2020 CellaVision DC-1
2020 Scopio Labs X100/X100HT

Lack of differentiation

2021 Mindray MC-80

Lewis J and Pozdnyakova O, Digital assessment of peripheral blood and bone marrow aspirate smears. |[JLH 2023 3
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Table 1. General information of commercially available digital morphology analyzers for peripheral blood smear.

DM 1200 DM 9600 DI-60 DC-1 MC-80 Scopio X100 VISION Hema *
(X100HT)
Manufacturer Cellavision, Lund,  Cellavision, Lund, Cellavision, Lund, Cellavision, Lund, Mindray, Shenzen, Scopio Labs, Tel West Medica,
Sweden Sweden Sweden Sweden China Aviv-Yafo, Israel Wiener Neudorf,
Austria
Launched year July 2009 April 2014 2013 February 2019 September 2021 April 2020 NI
(May 2022)
US FDA approval  Yes Yes Yes Yes No Yes No
Intended use WABC differential, WBC differential, WABC differential, WABC differential, WBC WBC differential, WBC
characterization of  presenting presenting characterization of ~ pre-classification, =~ RBC morphology  identification/pre-
RBC morphology overview image of overview image of RBC morphology, pre- evaluation, and classification, RBC
and PLT estimation RBC and PLT RBC and PLT and PLT estimation characterization of PLT estimation analysis, and
RBC morphology, PLT analysis
and PLT estimation
CE-marked Yes Yes Yes Yes Yes Yes Yes
Throughput 20 slides/h for 100 30 slides/h for 100 30 slides/h for 100 10 slides/h for 100 60 slides/h for 100 15 slides/h for 200 NI
WBC + RBC + PLT WBC +RBC + PLT WBC + RBC + PLT WBC +RBC + PLT WBC + RBC + PLT WBC differential
(40 slides/h)
Supported stains ** Romanowsky, Romanowsky, Romanowsky, Romanowsky, Romanowsky Romanowsky Romanowsky
RAL, MCDh RAL, MCDh RAL, MCDh RAL, MCDh
Installation type Stand-alone Stand-alone Integrated with Stand-alone or Integrated with Stand-alone Stand-alone
Sysmex XN-series  networked Mindray’s CAL
installation 6000 and CAL 8000

* VISION Hema is a clinical application module that is applied to the three analyzers (Vision Assist, Vision Pro, and Vision Ultimate). ** Romanowsky stains include May-Griinwald
Giemsa, Wright-Giemsa, and Wright stains. Abbreviations: FDA, Food and Drug Administration; h, hour; MCDh, micro chromatic detection for hematology; NI, no information; PLT,
platelet; RBC, red blood cell; WBC, white blood cell.

Kim H et al. Real-World Application of Digital Morphology Analyzers: Practical Issues and Challenges in Clinical Laboratories. Diagnostics 2025
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Why Digitize?

Safety

1) Barcodes

)
2) Electronic identification
3) No transportation

)

4) No loss of slides

L)

Quality

1) More consistency

2) Review of same cells
3)

4) Digital archiving

Second opinion

|

Efficiency

1) Faster review & TAT
2

3

Sharing with clinicians
Access to prior slides

4) Remote Review

)
)
)
)

m

Education

1) Teaching databases

2) Presentations at
multidisciplinary team
meetings
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Challenges

Imprecision L Typeofscanner

Imprecision: Blood vs Bone Marrow

v Homogeneity of the sample = Identification of ROI

v" Quality of the sample and stain

v Slide distribution error: rare cells (< 10%)

v" Inconsistent cell classification

v’ Statistical error (the statistical uncertainty ~ cells counted)
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Challenges

L Imprecision Type of scanner

Limitations

: ||-IFT][ItatlgnSd to screening for
O evaluate abundance intracellular parasites

(ML, ML, RL) (eg Leishmania)

Cells snapshots and not whole slide imaging

Instrument pre-classification of

Poorer performan :
S AP G cells could lead to inaccurate

for rare cell types
(Mast cells)

reporting of patient results
(ROI)

Van Vranken SJ et al. A Survey Study of Benefits and Limitations of using CellaVisionTM DM96 for Peripheral Blood Differentials. Clin Lab Sci.2014
Kratz A et al. Digital morphology analyzers in hematology: ICSH review and recommendations, Int J Lab Hematol. 2019
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Challenges

Type of scanner
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Challenges

Type of scanner

H&E tissue section Giemsa smear
* Relatively thin (4-5 pym or less) * Relatively thick (5-10 pm)
* Uniform thickness  Variable thickness
* Less refraction e More refraction

* Lower magnification * Higher magnification
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Challenges

L Imprecision Type of scanner

Bonem
particles

Bone rrow
particles

Different levels of scanning are shown as 1 image

https://nanozoomer.hamamatsu.com/jp/en/why_nanozoomer/scan.html 10
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area

Snapshots

Challenges

Type of scanner

Motic

HOLOGIC

Imaging gunununrsu PHILIPS

x W Leica

siosvsTems

Whole slide
imaging

~100 cells

cettavision @ P
L6l vIsIOn

Field Of
View
_

Manual \,’ \,’
= N A
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Resolution
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Challenges

Type of scanner

Scopio X100 or X100HT

Morphogo

Manufacturer
Launched year
US FDA approval

Intended use

CE-marked

Technology

Throughput

Magnification

Oiling Method

Discovering ROI

Slide preparation
technique

Scopio Labs, Tel Aviv-Yafo, Israel
September 2022
Yes

Automatically locates and presents images of hematopoietic cells, quality assessment, blast
cell, plasma cell, and M:E ratio estimation

Yes

Full-field cell morphology
Al-powered DSS  Decision support systems

X100: up to 3 slides/h
X100HT: up to 9 slides/h

Up to 100x (full field)

X100: manual dispensing
X100HT: automatic dispensing

No need to setup ROI for review,
100x Full-field review

Wedge spread, squash, touch print

ZhiWei Information & Technology Co., Ltd Hangzhou, China
May 2022
No

No

Yes

Whole slide image
CNN-based Al system  Convolution neural networks

Up to 8 slides/h (500 nucleated cells + all megakaryocytes)

Up to 100x (100x: ROI only)

Automatic dispensing

Whole slide review by 40x,
ROl review by 100x

Wedge spread

12
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Challenges

——  Tpeofscanner ) Data storage

G Peripheral Blood I G Bone Marrow

165.000 differentiations 1.500 differentiations

100/1
GG
27.900 smears 10/1 3.000 smears @ @ @
o ﬁ@@@
280 GB 1/50 15-:000GB @
/year /year

13
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Solutions of Al

Imprecision

( Detection and classification )

Region 1 5/44 plasma cells (11%)

* |dentification of thousands of cells

* Pattern recognition

® I d e ntifyi n g regi O n S Of i nte re St Supplement 3. A. Two Regions Of Interest from a single BMA

of a PCN patient B. Two Regions Of Interest froma single
BMA ofa second PCN patient (arrowhead, plasma cells .
aggregate). All Regions Of Interest are marked by green b
borders. Numbers and percentages are of plasma cells of total
WBC.

30/48 plasma cells (63%)

Supplement 3

Bagg A et al. Performance Evaluation of a Novel Atrtificial Intelligence-Assisted Digital Microscopy System for the Routine Analysis of Bone Marrow Aspirates. Mod Pathol. 2024 14
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Solutions of Al

Type of scanner

( WSI & Morphometry )
S o Ve @950 Oo O Q 0p -
as L €L i Wh-acs i N

Whole slide imaging

Evaluation of larger number of cells
» Better estimation of abundance
» Detection of rare events

Sub-cellular segmentation

Quick overview of the overall slide

Resemblance of conventional microscopy

Better estimation of cells with uneven distribution

* Plasma cells Cytoplasm Nucleus Granulation

+ blasts at margins S
* Non-hematological cells &0‘6 o0 .
Q
3?‘,090000%¢9§ 3. 2%
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Solutions of Al

Data storage

( Cell projection plots ) — ( Work flow optimization )

m o B

; e Blast *U
< ' Promyelocyte g N L )
) s o Myelocyte ‘ F &
- y 5 y / ::::;;:::::Iocyte .‘ ; ’ g %
& - ° [ ] ' awmy
. - ' X o B 8 5 (L
; r . .- : E ‘ - ® Increased

Blasts

Hypogranular Neutrophils
50 um 0 2 4 6 - 10 12 14

Dehkharghanian T, et al. Cell projection plots: A novel visualization of bone marrow aspirate cytology. J Pathol Inform. 2023 16



Uz
(£ GENT

Lessons Learned

Low resolution

images
Camera
a
Ocular
o—
Low magnification - (i
objective I '
PBS L] / .

LED array ’ ’

Consecutive illuminations

Solve the optimization
problem: minimizing the
cost function

argmin € (i, F{S(0)}),
SCx)

B Scopio

- — —
High resolution per color channel |
—————————————

- g hw 2
oy " v
X g
. . . . "{

TITETE
YRR

Reconstruction iﬂto one high Specimén scan at Xi 00 high" Detection and pre-classification of
resolution image based on a resolution is obtained. Al based 500 nucleated cells and
physical model. detection of optimal Nucleated megakaryocytes.

y s - .
’ D b ¥ 2 R
y s . : -.' - 1Y »
e W1 3%
» a0 ) ¢
o ’ -/ ‘é« ! Foh
V4 g SO .‘1 ARl 5
s : RN 8 g
- sais el o ) & APIEH; B

Differential Count (NDC) regions
are presented.

| Processing Unit

= >

Review of bone marrow aspirate
* Modify ROIs » Grade characteristics
» Modify NDC regions + Sign the report and send to LIS

Bagg A et al. Performance Evaluation of a Novel Artificial Intelligence—Assisted Digital Microscopy System for the Routine Analysis of Bone Marrow Aspirates, Modern Pathology 2024 17
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Lessons Learned

Workflow e Validation ]

- ——r——g e e ———

O M- BT ‘@ # Qa a f
- _A_A _‘Bae; —
o Total cells counted: 128 e |
19, Analysis areas X 9 v
l " M:E ratio: 6.4:1 -
| All < 00f5 > ‘§ 3
| 8 %
‘ Selected for review < 0of4 > (K1}

Unselected for review < 0of1

Analysis area:
Alvs MANUEEL?

Full-field scanning:
Alvs MANUEEL?

{ i1 Add analysis area ]

v

18
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Lessons Learned

Full Field Al Full Field MAN Full Field Al Full Field MAN
Scan Area Al Scan Area Al Scan Area MAN Scan Area MAN
" _ . R— —— -
‘ ;"I elSe e" ®
FIGURE 4 o3| @ |
UNCLASSIFIED 21% 20% 0.9% 0.7%
TIME 21 min 10 min 20 min 11 min

19
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Lessons Learned

- wondow N  \Validation

BLASTS PLASMACELLS
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Initial Classification

Lymphocyte

= Erythroblast

———

Stripped

Unclassified

—Basophil
===BasophilictNormoblast==
= 0SiNOphi e
—Plasma-Ce|| ==

— Mast Cell —— ) . S = = — — = —

=mm.Segmented:Neutrophil
—Blast:

EERMONOCYte m———
—Normoblast

I Myelocyte
—Polychromatophilic:Normoblast

.f’romyelocyte e -
Il Metamyelocyte —— ——

.Band Neutrophil

Lessons Learned

Color complexity

New Classification

Blast

Polychromatophilic:Normoblast s

Lymphocytel

Basophilic:-Normoblast s

———Macrophage—
Eosinophil—
———Erythroblast s

Artifact.

- Stripped .

—— —monocytellll

=Normoblast=

—Metamyelocyte
=Plasma-Cell
Promyelocyte s
Basophil—
Others—

~ Myelocyte .

~ Band"Nettrophil

Segméhfed Neutrophil .

De Letter K. et al. One-year experience of digital bone marrow microscopy using Scopio X100: observations and practical insights. RBSLM 2025

21
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Lessons Learned

Color complexity

- wd e
o N B

H2-kleuring

o N A O ©®
T

L Lo | ! | !
4 6 8 10 12 14
Huidige Kkleuring

22
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Lessons Learned

Color complexity

Polychromatic

Erythroblast
vt normoblast

Lymphocyte Myelocyte Eosinophil Megakaryocyt

Protocol 1

Protocol 2

Protocol 3

23
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Future perspectives ]

Rare cell types

Mast cells Leishmania

24
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[ Future perspectives ]

High Confidence

/ Simple Case
>
Final
Diagnosis
- i
Preliminary
Original Slide Scanned Image ML Model Diagnosis
Low Confidence
/ Complex Case

>

Hematopathologist
Review
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