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Hier eenplaatje van artikel van Ceelie... 



Stouten, Riedl et al., Int J Lab Hematol. 2015 Oct;37(5) 



Blast cell sensitivity! 

 

Stouten, Riedl et al., Int J Lab Hematol. 2015 Oct;37(5) 





pathology … 



Reproducibility? Inter-Laboratory 

• 200 samples/slides 
• 4 different hospital locations 
• Comparison of 5-part differential and blasts 



Riedl et al., J Lab Autom.  
2015 Apr 29 

  R2-values: 
 
Neutro’s:  0,97-0,98 
Eo’s:   0,82-0,88 
Lymfo’s:  0,96-0,98 
Mono’s:  0,89-0,91 
Baso’s:  0,49-0,59 
Blasts:  0,99-1,00 



So, Digital Imaging: 

• Works in daily routine for leukocytes in 
peripheral blood and other fluids 

• Is reliable, accurate and displays a high blast 
cell sensitity 

• Is reproducible 
• Excellent learning tool for the next generation 



• Not everything is what it seems… 





 





 



 





• So, the human eye is far from objective 
• And…context matters 



Constantino; Int J Lab Hematol. 2015 Feb;37(1):1-7. 



Constantino; Int J Lab Hematol. 2015 Feb;37(1):1-7. 



Constantino; Int J Lab Hematol. 2015 Feb;37(1):1-7. 



• Despite efforts to standardisation of RBC 
morfology and grading there are still inter-
laboratory differences… 













Digital Imaging of RBC’s 
 



Content: 
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• Material & Methods 
• Results 
• Conclusion & Discussion 

 



Introduction 
• Aim of the study: validate a novel morphological RBC-module 

which is capable of correct detection and classification of RBC 
abnormalities. 
– is determination of a cut-off value possible? 
 

• Automatic classification of leukocytes is already used on an 
routine basis in variety of labs around the world. 
– now also possible in a total lab automation setting (e.g. DI-60, 

Sysmex). 
 

 



Cellcounter SP10 

DI60 





• Detection of morphological RBC abnormalities is essential in the 
diagnostic process of several diseases: 
– TTP; fragmentocytes/schistocytes 
– Myelofibrosis; teardrop cells 
– Thalassemia; target cells 

 

 
• TTP (Trombotische trombocytopenische purpura): 

– Acute, medical emergency 
– ADAM-TS 13 enzyme non-functional  (no cleaving of vWF) 
– Hemolytic anemia & trombocytopenia 
– Patients display: 

• Fever, neurological symptoms, kidney failure, hemolytic anemia & 
tromocytopenia & fragmentocytes/schistocytes. 

 

 



• Myelofibrosis: 
– Myeloproliferative disorder 
– Uncontrolled fibrosis of bone-marrow 
– No room for normal hematopoiesis -> extramedullary hematopoiesis 
– hallmarks: 

• Progressive anemia, pancytopenia, splenomegaly of hepatomegaly 
(extramedullary hematopoiesis), leuko-erytroblastosis, myeloïd precursors and 
teardropcells in the peripheral blood smear. 

• Usually begins with leuko- & trombocytosis. 
• JAK2- and recently discovered CALR-mutation 

 

 



• Thalassemia: 
– Hemoglobinopathies 
– Thalassemia is caused by variant or missing genes that affect how the body 

makes hemoglobin  
– Normal hemoglobin -> 4 globin chains; 2 alpha en 2 bèta-globin chains 
– Two main forms; alpha- en bèta-thalassemia 
– Autosomal recessive disorder 
– Diagnostics: 

• Usual low MCV and high erytrocyte count 
• Mild anemia usually 
• Target cells 

 
 



Materials and methods 
• Peripheral blood smears of 316 patiënt samples and 10 healthy 

individuals (determination of a “cut-off” value) 
• 80 samples were used containing fragmentocytes, targetcells en teardrop 

cells 
 

• May-Grünwald Giemsa staining using SP-10 (automatic 
slidemaker/stainer)  

– 2000-4000 erytrocytes were analysed/bloodsmear 
– Pre-classification by the RBC module and post-classification manually 

 
• Statistical analysis using EP-evaluator (Passing-Bablok) 

 
 



 











Results 
Fragmentocytes/schistocytes: 

– 16 samples resulting in a pre-classification between 1.2% and 19.0% 
– Between 0.5% and12.3% in the post-classification 

 
– Pre-classification healthy individuals (n=10) < 1%  
– Post-classification < 0,5% fragmentocytes/schistocytes 
 

 
 

 

Egele, Riedl et al., Journal of Hematology; 2015; 4(2): 184-186.  



– y=x line of y=0,8x-1  
– Correlatiecoëfficiënt of 0,95 

 

Figuur 1. Figure showing comparison of pre- and post-classification of 
fragmentocytes. 

Egele, Riedl et al., Journal of Hematology; 2015; 4(2): 184-186.  



Targetcells: 
– 23 samples resulting in a pre-classification between 0.3% and 36.7% 
– Between 1.4% and 58.6% targetcells in the post-classification 

 
– Pre-classification healthy individuals ≤ 0.5%  
– < 1.4% targetcells in the post-classification 
 



Figuur 2. Figure showing comparison of pre- and post-classification of 
targetcells. 

 y=x line of y=1,7x+4 
 Correlatiecoëfficiënt of 0,95 

 



Teardropcells: 
– 41 samples resulting in a pre-classification between 0.5% and 10.4%  
– Post-classificatie between 0.2% and 6.8% 

 

– Pre-classification healthy individuals ≤ 0.5%  
– < 0.1% teardropcells in the post-classification 
 

 

 

Egele, Riedl et al., Int J Lab Hematol. 2015 Jun 29.  



 

Egele, Riedl et al., Int J Lab Hematol. 2015 Jun 29.  



Figuur 3. Figure showing comparison of pre- and post-classification of 
teardropcells. 

 y=x line of y= 0,8x 
 Correlatiecoëfficiënt of 0,95 

 Egele, Riedl et al., Int J Lab Hematol. 2015 Jun 29.  



Conclusion 
• Correlation between pre- and post-classification in the detection and 

quantification of fragmentocytes, targetcells and teardropcells in this study. 
 

• Morphological RBC abnormalities are now depicted with 1+, 2+ or 3+ scores 
– Can now be scored/displayed in percentages. 

 
• “cut-off” values for: 

– Fragmentocytes/schistocytes; > 1% - abnormal 
– Targetcellen; > 0,5% - abnormal 
– Traandruppelcellen; > 0,5% - abnormal 

 
• The time is ripe to only report clinical relevant RBC morphological 

abnormalities. 
 

• Cellcounters & Digital microscopes are pathology filters! 



Discussion & Future perspectives 
• Integration of cell counter flaggings with DM96/DI-60 flaggings! 

 
• Gold standard? Will digital microscopy become the gold standard? 

 
• Exciting clinical studies possible! Diagnosis of diseases in an earlier stage 

possible? Example MPN? 
 

• Malaria? 
 

• Morphological detection and classification of leukocytes and red blood cells 
possible………trombocytes? 
 

• In the nearby future complete digital imaging of a peripheral blood smear 
possible!! 
 

 



Questions? 



Malaria 
 





 



 



Integrative case: 
 
 

 
• 22-year-old-boy (prisoner at that time) was admitted to our emergency ward 
• He had been suffering from malaise 
• At the emergency ward he displayed neurological symptoms 
• Brain CT-scan showed no abnormalities 

60 



Cellcounter SP10 

DI60 





Kuipers 16.04.1992 

Licht verhoogd aantal megakaryocyten met ook wat grote exemplaren. 

BM BM 







Healthy person TTP-patient 

thrombus 

No cleavage anymore 



Questions? 
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