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Hier eenplaatje van artikel van Ceelie... 



Riedl, Stouten et al., Int J Lab Hem, Oct;37(5):e137-40; 2015 



Blast cell sensitivity! 

Riedl, Stouten et al., Int J Lab Hem, Oct;37(5):e137-40; 2015 





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 body 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… 



Objectivity? 













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

In spite of the continual standardization of test result formats, the

improvements of laboratory technologies, publications of reference

guidelines, and the advancements in hematology analyzers, the

methods of reporting or grading abnormal red blood cell morphol-

ogy still vary among laboratories everywhere. This article describes

the methods or systems of reporting abnormal red cell morphology

and the conditions associated with the abnormalities.

INTRODUCTION

More than four decades ago, equipped with the earliest

automated hematology Coulter Counter Model S to

count blood cells and to determine the size (MCV) and

hypochromia (MCH) of the red cells, an attempt was

made to promote uniformity (standardization) in grad-

ing hematologic abnormalities [1]. In spite of this, and

the continual standardization of test result formats, pub-

lications of reference guidelines, the improvements of

laboratory (lab) technologies, and the advancements in

hematology instrumentations [1–7], the methods of

reporting or grading abnormal red blood cell morphol-

ogy (RBC-M) still vary among laboratories everywhere

[8, 9]. This is probably because some reference textbooks

and laboratories have different grading systems and

grading levels of reporting results [1–4, 10]. The grading
system represents the method for reporting results,

whereas the grading level indicates the relative percent-

age (%) or fraction of abnormal cells in the peripheral

blood film (PBF). For example, one reference textbook

[11] grades elliptocytes/ovalocytes as slight (2–5%),

moderate (6–15%), and marked (>16%) compared to

other reference [4] which rates the same abnormality as

1+ (6–10%), 2+ (10–25%), 3+ (25–50%), and 4+
(>50%). Moreover, other laboratory [9] reports the

same red cell changes as + (1–5%), ++ (5–25%), and +++
(>25%).

Undoubtedly, the lack of a uniform grading system

can lead to inconsistent and confusing results as

reflected in these examples. The grading system and

grading level vary; three types of grading systems can

be observed. The grading level shows two varying for-

mats: one with three levels and the other, four grade

levels format. The grading level differences, however,

are statistically significant, although they may not be

clinically.

Currently, there are two systems or methods of

grading RBC-M [2–4, 11]. While some laboratories

report or grade the degree of morphologic abnormalities
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the morphologic grading level. Although identification

of RBC fragments apparently seems straightforward,

there is no precise consensus definition of schisto-

cytes, hence the variability in the morphological inter-

pretation and reporting between laboratories and

observers [25].

Elliptocytes/ovalocytes are cells with oval or ellipti-

cal shapes. Often times, these terms are interchange-

able. In normal subjects, <15% of red cells may be

slightly oval or elliptical, whereas in patients with

hereditary elliptocytosis (or sometimes in thalassemia

trait), >25–75% of red cells are elliptical [26].

Although elliptical cells of around 15% have been

considered as normal, recent studies indicate no

higher than 5% is normal [27].

Elliptical cells are also present in patients with dys-

erythropoiesis, such as megaloblastic anemia and

severe iron deficiency. Infiltrative disorders of the bone

marrow such as in metastatic carcinoma are associated

with formation of elliptocytes and teardrop cells.

Rouleaux are red cell aggregates resembling a

stack of coins. They are caused by an increase of

asymmetric macromolecules, such as globulin and

fibrinogen. Associated clinical conditions include

multiple myeloma, acute infection/inflammation, and

macroglobulinemia. These alterations will result in an

increased ESR and a moderate-to-marked rouleaux in

the PBF [28]. Slight rouleaux formation is of normal

occurrence especially in patients with low red cell

counts because of the relative fibrinogenemia; so in

this case, their slight presence be reported as nonspe-

cific.

Spherocytes are small dense spheroidal red cells

with normal volume enclosed within greatly dimin-

ished surface area, hence the decreased surface–volume

ratio and the decreased deformability and filterability.

They are usually absent in the blood films of healthy

individuals. It is useful to distinguish red cell variations

between hereditary spherocytosis (HS) and acquired

one. In HS, large numbers of almost the same size of

Table 1. Reference guide for grading red blood cell morphology [1–4, 9–12]

Red blood cells (cell type) Normal (nonspecific) 1+ (%) (Slight/few) 2+ (%) (Moderate) 3+ (%) (Marked)

Hypochromasia 5–15 16–40 >40
(MCH – pg) 27–34 pg 22–26 18–21 <18

Polychromasia 3–5 6–20 >20
Microcytes (MCV – fL) 80–99 fL 70–79 60–69 <60
Macrocytes (MCV – fL) 80–99 fL 100–110 111–125 >125
Schistocytes (Fragments) 1–5 6–15 >15
Elliptocytes/Ovalocytes 6–20 21–50 >50
Rouleaux 11–50 >50
Spherocytes 1–5 6–20 >20
Target cells 5–10 11–25 >25
Acanthocytes 1–10 11–30 >30
Burr cells 30% Report if present
Irregularly contracted
red cells (Bite cells) 4%
Stomatocytes 30%
Teardrop cells* 4%
Agglutination
Dimorphic red cells
Dual population
Howell-Jolly bodies
Oval macrocytes
Pappenheimer bodies
Parasites
Sickle cells

pg, picogram; fL, femtoliter.
*Teardrop cells accompanied by NRBCs can be reported even <4%.

© 2014 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem. 2015, 37, 1–7
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spherocytes are present without other abnormal cells

other than the signs of erythropoietic regeneration. The

automated MCV is within normal range, but the MCHC

may be high normal or increased [29], whereas, in

acquired one, small to large numbers of spherocytes in

varying sizes are present together with other red cell

Table 2. Conditions associated with abnormal RBC morphology based on their grading [4, 8, 13–20]

Cell type Slight* (1+) to Moderate* (2+) Marked 3+

Schistocytes
(Fragments)

Hypersplenism
Myeloid metaplasia
Megaloblastic anemia
Iron deficiency anemia
Cancer cytotoxic
chemotherapy
Enzymes deficiencies
Premature infants
Renal graft rejection
Infection
Severe sepsis
Myelofibrosis

Thalassemia major
Severe burns
Mechanical hemolytic anemia
(prosthetic heart valve)
Hereditary pyropoikilocytosis
Metastatic carcinoma
Chronic renal failure
Unstable hemoglobin
Malignant hypertension

Microangiopathic hemolytic
anemia
Disseminated intravascular
coagulation
Vasculitis syndromes

Elliptocytes/
Ovalocytes

Megaloblastic anemia
Severe iron deficiency
anemia
Sickle cell anemia
Hypersplenic state
Metastatic carcinoma
Sideroblastic state
Thalassemia trait

Hereditary pyropoikilocytosis
Myelofibrosis
Hemoglobin C trait
South East Asian
ovalocytosis

Hereditary elliptocytes

Rouleaux Hyperfibrinogenemia
Hyperglobulinemia
Chronic inflammatory Disorders

Multiple myeloma
Waldenstrom’s
Macroglobulinemia

Spherocytes Post splenectomy
Liver disease
Hemoglobinopathies
Older population of
transfused red cells
Heart valve prosthesis
Heinz body hemolytic
anemia
Premature infants
Myelofibrosis

Microangiopathic hemolytic anemia
Hereditary pyropoikilocytosis
Severe burns
Hypersplenism
Clostridium perfringens

Hereditary spherocytosis
Autoimmune hemolytic
anemia
Hemolytic transfusion
reaction
ABO incompatibility

Target cells Newborn/Premature infants
Thalassemia minor
Postsplenectomy
Severe iron deficiency

A-C and A-S trait
Thalassemia major
Sickle cell anemia
Sickle-thalassemia

C-C disease
S-C disease
Hb. E disease
Liver disease

Acanthocytes Newborn/Old age
Severe burns
Sideroblastic anemia
Enzymes deficiencies
Anorexia nervosa/
starvation
Vitamin E deficiency
Hypothyroidism

Renal disease
Postsplenectomy
Neonatal or acquired hepatitis
Uremia
McLeod phenotype
Myxedema

Abetalipoproteinemia
Alcoholic liver disease

*Note the grading level of some conditions may vary from slight to moderate and even to marked depending on the
severity, intensity, and duration of the disorders.

© 2014 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem. 2015, 37, 1–7
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•  Despite efforts to standardize RBC 
morfology and grading there are still inter-
laboratory differences… 



Digital Imaging of RBC’s 

 



Content: 
•  Introduction 
•  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 
 

 



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

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

Riedl et al., J. 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 
 

 





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

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

Riedl et al., Int J Lab Hem., Dec;37(6):e153-6; 2015 



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 
–  Teardropcells; > 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? 


