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Variability: grading systems and levels 

RBC morphology 1 (Slight) 2 (Moderate) 3 (Marked) 1 (Few) 2 (Moderate) 3 (Many) Rare
Small 

excess

Medium 

excess

Large 

excess

1 

(Slight/Few)

2 

(Moderate)

3 

(Marked)

Polychromasia 1 5 10 N/A 5 >20 0,3 >1 >2 3 6 >20

Hypochromic cells 6 25 50 N/A 11** >20 1 >4 >12,5 5 16 >40

Microcytosis 6 25 50 N/A 11** >20 1 >4 >12,5

Macrocytosis 6 25 50 N/A 11** >20 1 >4 >12,5

Poikilocytosis 10 25 50

Anisocytosis 15* 20* 25* N/A 11** >20

Target cells 5 10 30 N/A 5 >20 0,6 >2 >4 5 11 >25

Schistocytes 1 3 6 <1 1 >2 0,3 >1 >2 1 6 >15

Helmet cells 1 3 6

Sickle cells 5 10 30 N/A 1 >2 0,1 >0,3 >0,7

Spherocytes 1 3 6 N/A 5 >20 0,1 0,3 >1 >2 1 6 >20

Elliptocytes 6 20 50 N/A 5 >20 0,3 >1 >2

Ovalocytes 6 20 50 N/A 5 >20 0,6 >2 >4

Teardrop cells 1 3 6 N/A 5 >20 0,3 >1 >2

Stomatocytes 5 10 30 N/A 5 >20 0,3 >1 >2

Acanthocytes 5 10 30 N/A 5 >20 0,1 0,3 >1 >2 1 11 >30

Echinocytes 10 25 50 N/A 5 >20 0,6 >2 >4

Howell-Jolly bodies 1 3 6 N/A 2 >3 0,1 >0,3 >0,7

Pappenheimer bodies 1 3 6 N/A 2 >3 0,1 >0,3 >0,7

Basophilic stippling 1 3 6 N/A 5 >20 0,1 >0,3 >0,7

Malaria parasites 1 3 6

Anulocytes 1 1 2 0,1 0,3 >1 >2

Pencil cells 5 5 20 0,1 0,3 >1 >2

Rouleaux 1 1 2 11 >50

Agglutination 0 0 0

Dimorphism 0 0 0

Anisochromasia 1 3 6

Irregularly contracted cells 0 0 0 N/A 1 >2

Bite cells 0 0 0 N/A 1 >2

Blister cells 0 0 0 N/A 1 >2

Oval macrocytes N/A 2 >5

Megalocytes 0,1 0,3 >1 >2

Cabot rings 0,1 >0,3 >0,7

Report if present

Not included in guideline

Report if present

If > 4%: report as present

If > 4%: report as present

Report if present

Report if present

Report if present

Report and describe if present

** The ICSH recommends that the analyser generated MCH, MCV and RDW be used rather than grading by visual microscopic examination, unless abnormal RDW or red cell histogram 

suggests the presence of macrocytes/microcytes even though the MCV is normal.

N/A: not applicable

* expressed as area distribution width %

RBC morphology included in verification of Advanced RBC Application.

Constantino 2014

6 21 >50

Report if present

Report if present

If > 4%: report as present

If > 30%: report as present

If > 30%: report as present

Report if present

Report if present

Report if present

Report if present

ICSH guidelinesDI-60 default values UZ Leuven guidelines

Report if presentReport if present

Included in schistocyte count Included in schistocyte count

Report the specific cell shape
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Variability: counting method 

Left: Dorien Van den Bossche, Right: own collection  
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Variability: morphological criteria 

Left: Zini et al 2011, Middle: Rodak et al 2017, Right: Palmer et al 2015 
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Solutions? 
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1. What is the diagnostic value of red blood cell 

morphology abnormalities?  

 

1. How does the clinician use and interpret RBC 

morphology? Do we need to change our way of 

reporting RBC morphology in order to provide 

more comprehensible and clinically relevant 

information?  

 

1. How can we make use of the Advanced RBC 

Application on DI-60 in our laboratory?  
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Size and color 
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Shape 
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Shape 
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Shape 
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Inclusions 
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Arrangement 

 RBC morphology can be helpful in diagnostic work-up:  

e.g. anemia, hemolysis, TMA, congenital diseases, … 
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Survey respondents 

• 8 internal medicine residents 

• 12 specialists 

 2 hematologists 

 4 nephrologists 

 2 cardiologists 

 1 pediatrician 

 1 gynecologist 

 1 pulmonologist 

 1 infectious disease specialist 
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75% (15/20) 

20%  (2 nephrologists and 2 hematologists) 
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RBC morphology Never significant

Only significant 

if many

(2+ of 3+)

Significant even 

in small numbers 

(1+)  

I do not know 

this term

Number of 

responses

Acanthocytes 11% 22% 22% 44% 18

Agglutination 17% 22% 28% 33% 18

Anisocytosis 12% 29% 12% 47% 17

Basophilic stippling 12% 24% 18% 47% 17

Bite cells 6% 6% 6% 83% 18

Blister cells 6% 6% 11% 78% 18

Dimorphism 6% 6% 22% 67% 18

Echinocytes 6% 11% 11% 72% 18

Elliptocyt 6% 22% 17% 56% 18

Schistocytes 17% 39% 28% 17% 18

Ghost cells 6% 11% 28% 56% 18

Howell-Jolly bodies 15% 20% 35% 30% 20

Hypochromasia 10% 45% 25% 20% 20

Irregular contracted cells 6% 6% 17% 72% 18

Macrocytosis 10% 40% 50% 0% 20

Microcytosis 10% 35% 55% 0% 20

Ovalocytes 6% 28% 17% 50% 18

Pappenheimer bodies 6% 6% 6% 83% 18

Poikilocytosis 16% 16% 37% 32% 19

Polychromasia 11% 21% 21% 47% 19

Rouleaux 11% 32% 42% 16% 19

Spherocytes 11% 42% 26% 21% 19

Stomatocytes 11% 17% 11% 61% 18

Target cells 11% 22% 33% 33% 18

Teardrop cells 22% 6% 22% 50% 18

Abnormalities of RBC morphology considered as significant (in small or large numbers) by ≥ 50%of the survey group.

RBC morphology terms unknown by ≥ 50%of the survey group.

Not all responders provided answers to every question, resulting in a variable number of responses for each question.
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What can/should we do about this? 

1. Educational initiatives 

2. Modification of the laboratory report 
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Materials and methods 

1. Samples:  

• 104 abnormal peripheral blood films 

• SP-50 May-Grünwald-Giemsa 

• All morphological categories were evaluated (negative controls) 
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Materials and methods 

2. Manual microscopic analysis: 

 = golden standard 

Left: own collection, Right: Bain et al 2011 
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Materials and methods 

3. Advanced RBC Application on the DI-60 digital 

microscope system 
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Materials and methods 

3. Advanced RBC Application on the DI-60 digital 

microscope system 
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Imprecision 

Mean (± SD) CV Mean (± SD) CV Mean (± SD) CV Mean (± SD) CV Mean (± SD) CV Mean (± SD) CV 

Polychromasia 0,32(± 0,06) 20 6,89 (± 1,20) 17 - - 0,25(± 0,10) 39 6,51 (± 1,51) 23 - -

Target cells 0,36 (± 0,16) 46 12,79 (± 0,81) 6 22,13 (± 2,91) 13 0,32 (± 0,09) 29 12,82 (± 0,94) 7 21,35 (± 3,09) 14

Schistocytes 0,44 (± 0,12) 27 1,72 (± 0,35) 20 7,6 (± 0,46) 6 0,96 (± 0,25) 26 1,67 (± 0,54) 33 6,91 (± 0,34) 5

Sickle cells 0,72 (± 0,17) 23 - - - - 0,92 (± 0,24) 27 - - - -

Spherocytes 2,97 (± 0,81) 27 - - - - 2,15 (± 0,76) 36 - - - -

Elliptocytes 0,11 (± 0,06) 52 6,49 (± 0,59) 9 - - 0,05 (± 0,07) 141 6,97 (± 0,55) 8 - -

Ovalocytes 2,16 (± 0,70) 32 10,44 (± 1,18) 11 - - 1,5 (± 0,29) 19 8,8 (± 0,75) 9 - -

Tear drop cells 0,35 (± 0,14) 41 10,77 (± 0,51) 5 - - 0,35 (± 0,14) 41 10,71 (± 0,40) 4 - -

Stomatocytes 2,18 (± 0,65) 30 9,67 (± 1,07) 11 30,57 (± 9,52) 31 1,32 (± 0,34) 26 8,45 (± 0,96) 11 32,64 (± 1,70) 5

Acanthocytes 0,07 (± 0,05) 69 9,07 (± 1,25) 14 29,53 (± 4,56) 15 0,06 (± 0,08) 141 11 (± 1,56) 14 26,02 (± 2,40) 9

Echinocytes 1,34 (± 0,48) 36 12,88 (± 2,04) 16 56,41 (± 4,71) 8 0,97 (± 0,22) 22 14,19 (± 2,81) 20 58,95 (± 6,88) 12

Howell-Jolly bodies 0,59 (± 0,12) 20 - - - - 0,59 (± 0,16) 27 - - - -

Pappenheimer bodies 0,30 (± 0,10) 34 2,58 (± 0,57) 22 11,78 (± 3,61) 31 0,08 (± 0,06) 79 2,25 (± 0,28) 12 11,11 (± 2,47) 22

Basophilic stippling 0,25 (± 0,24) 97 10,44  (± 1,65) 16 - - 0,25 (± 0,07) 28 8,61  (± 1,35) 16 - -

Malaria parasites 0 (± 0,00) - 0,05 (± 0,05) 105 0,84 (± 0,31) 36 0 (± 0,00) - 0,08 (± 0,04) 53 0,76 (± 0,14) 19

Few / 1+ Moderate / 2+ Many / 3+

Within-run Between-run

Few / 1+ Moderate / 2+ Many / 3+
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Method comparison 

• Evaluation of degree of association:  

Pearson’ correlation coefficient 

 

• Evaluation of degree of agreement:  

Passing-Bablok regression analysis 

 

• Detection of concentration-dependent differences: 

Bland-Altman analysis 
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Reference values – cut-offs 

• Besides ICSH cut-offs, there are no universally 

accepted reference ranges 

 

• Passing-Bablok regression analysis:  

= calculation of new cut-off values, starting from 

ICSH cut-offs 

 

• If not suitable: ROC curve analysis  

= estimation of optimal cut-off for positivity 
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Ovalocytes 

ICSH cut-off for ‘++’ = 5%         3,2% 
ICSH cut-off for ‘+++’ = 20%     14,7% 
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Ovalocytes 
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Schistocytes 
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Schistocytes 
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Sensitivity / Specificity 

Sensitivity Specificity review by MLT? Remarks

semi-quantitative 0 + ++ +++

Acanthocytes 0 0,1 7,2 21 89% 100% review not necessary More high positive samples (≥ 21%) need to be included.

Basophilic stippling 0 0,1 3 - - review if +++ and adjust grading No true positive samples (≥ 5%) included. Follow-up necessary.

Echinocytes 0 0,1 9,2 31 92% 98% review not necessary

Elliptocytes 0 0,1 3,5 15 97% 100% review not necessary More high positive samples (≥ 15%) need to be included.

Howell-Jolly bodies 0 0,1 0,5 100% 86% review if +++ and adjust grading
Only 2 true positive samples (≥ 2%). Follow-up necessary. With cut-off for 

positivity of 0,5% there is only 44% sensitivity, but 90% specificity for splenectomy. 

Ovalocytes 0 0,1 3,2 14,7 89% 91% review not necessary

Pappenheimer bodies 0 0,1 0,3 100% 29% review if +++ and adjust grading Only 3 true positive samples (≥ 2%). Follow-up necessary.

Polychromasia 0 0,1 4,1 18 100% 100% review not necessary More high positive samples (≥ 18%) need to be included.

Spherocytes 0 0,1 0,3 100% 92% review if +++ and adjust grading

Sickle cells 0 0,1 100% 52% review if +++ and adjust grading Only 3 true positive sample (diagnosis of sickle cell anemia ). Follow-up necessary.

Stomatocytes 0 0,1 12,7 100% 74% review if +++ and adjust grading

Target cells 0 0,1 3,3 19,8 100% 89% review not necessary

Teardrop cells 0 0,1 3,8 100% 79% review if +++ and adjust grading Only 3 true positive samples (≥ 5%). Follow-up necessary.

negative

semi-quantitative 0 + ++ +++

Schistocytes 0 0,5 0,9 98% 30% review if +++ and adjust grading

Malaria parasites 0 0,1 100% 80% review if +++ and adjust grading

Only 4 true positive samples (diagnosis of malaria infection). Low positive samples 

have between-run variability of 53%, therefore sensitivity is probably lower than 

reported. Follow-up necessary.

New settings DI-60 (%)

negative positive

positive
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Other categories? 

• Hypochromia, microcytosis, macrocytosis, 

anisochromasia and anisocytosis:  

preferable use of analyzer parameters 

 

• Poikilocytosis: not recommended by ICSH 

 report specific cell shape 

 

• Rouleaux, agglutination, irregular contracted cells, bite 

cells, blister cells and intracellular hemoglobin crystals: 

not included in application software 

 manual screening remains necessary 

 
38 



Introduction 

Research questions 

Diagnostic value: review of literature 

Clinical utility: survey 

Verification of the Advanced RBC Application 

Conclusion and to do 

39 



Conclusion 

1. RBC morphology can be helpful in diagnostic work-
up: e.g. anemia, hemolysis, TMA, congenital diseases, … 
 

2. Only a minority of hospital physicians is aware of this 
clinical utility. 
 educational initiatives 
 modification of the laboratory report 

 

3. Advanced RBC Application: good sensitivity and 
reproducibility is possible (with adjusted cut-offs), but 
verification remains necessary for most categories 
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To do 

1. More (high) positive samples need to be analyzed to further 
determine the utility of the Advanced RBC Application.  

 

2. We need large multi-center studies to define grading levels for 
RBC morphology abnormalities that are not based on consensus 
(like those provided by the ICSH), but on clinical relevance (the 
condition of the patient: e.g. AIHA, TTP, thalassemia, ...).  

 

3. For schistocytes, it could be useful to combine the automated 
FRC count with the count of the Advanced RBC Application as a 
screening method, but this needs to be further evaluated.  
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