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Abstract

Background: Leukocyte differentials are an important component of clinical care. 
Morphologic assessment of peripheral blood smears (PBS) may be required to 
accurately classify leukocytes. However, manual microscopy is labor intensive. The 
CellaVision DM96 is an automated system that acquires digital images of leukocytes 
on PBS, pre‑classifies the cell type, and displays them on screen for a Technologist or 
Pathologist to approve or reclassify. Our study compares the results of the DM96 
with manual microscopy. Methods: Three hundred and fifty‑nine PBS were selected 
and assessed by manual microscopy with a 200 leukocyte cell count. They were then 
reassessed using the CellaVision DM96 with a 115 leukocyte cell count including 
reclassification when necessary. Correlation between the manual microscopy results 
and the CellaVision DM96 results was calculated for each cell type. Results: The 
correlation coefficients (r2) range from a high of 0.99 for blasts to a low of 0.72 for 
metamyelocytes. Conclusions: The correlation between the CellaVision DM96 and 
manual microscopy was as good or better than the previously published data. The 
accuracy of leukocyte classification depended on the cell type, and in general, there was 
lower correlation for rare cell types. However, the correlation is similar to previous 
studies on the correlation of manual microscopy with an established reference result. 
Therefore, the CellaVision DM96 is appropriate for clinical implementation.
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BACKGROUND

Complete blood counts and differentials have been 
an important and integral component of the clinical 
management of patients,[1] since its introduction 
over 100 years go by Ehrlich.[2] Today, automated 
blood cell counters based on laser‑light scatter and 
flow cytometry principles, such as the Coulter counter 
have become standard for most blood counts and 
differentials and are able to provide a five to six part 
leukocyte differential. However, they are unreliable in the 

classification of abnormal and immature cells, and do not 
provide morphological information. Current procedures 
indicate that when certain criteria are met during 
the blood count, the blood sample will be flagged for 
a peripheral blood smear (PBS). These criteria are set by 
the machine manufacturer and laboratory using the rules 
such as those published by the International Consensus 
Group for Hematology Review.[3] Reasons for PBS 
microscopy include evaluation of immature and abnormal 
white cell, review of red cell morphology in hemolytic 
conditions and platelet morphology in thrombocytopenia, 
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and confirmation of abnormal or unexpected blood 
counts.

Currently at most institutions, PBS is assessed manually 
by laboratory technologists and pathologists. However, this 
practice is labor intensive and time consuming. Moreover, 
there is substantial inter‑ and intra‑observer variability in 
this process, which negatively impact efficiency.[4,5] since 
there is increasing demand on the hematopathology 
services to provide improved turnaround times and 24 h 
service for clinicians in addition to increasing volumes, 
there is an eminent need for improved systems with 
enhanced productivity.

As a result, there has been research and development 
into automation of morphological PBS assessment. 
The first automated morphological assessment system 
introduced with the Cydac Scanning Microscope System 
(Cydac, Uppsala, Sweden) in 1966.[6] Early systems such as 
this were not adopted as they were slow and had limited 
automation and poor accuracy.[1,7,8] In recent years, there 
has been significant improvement in technology with new 
machines such as the CellaVision Diffmaster Octavia, the 
CellaVision DM96, and the next slide digital review network.

Many of these systems, including the CellaVision DM96, 
operate by scanning barcode‑labeled Wright‑Giemsa 
stained slides at low power to locate white blood cells. 
The system then takes an image of each white blood cell 
at high power. These images are analyzed by an artificial 
neural network based on a large database of cells to 
pre‑classify the type of leukocytes into subtypes including: 
Band neutrophils, segmented neutrophils, lymphocytes, 
eosinophils, monocytes, promyelocytes, myelocytes, 
metamyelocytes, and blasts. The cells are then presented 
on a computer display for someone to review and confirm 
or reclassify if incorrectly pre‑classified. In addition, 
the systems can review red blood cell morphology and 
estimate platelet counts.

The objective of our study is to assess the ability of 
the CellaVision DM96 (DM96) system and software to 
classify leukocytes by comparing it with the manual PBS 
examination.

METHODS

The study was performed at five sites at Calgary 
Laboratory Services. There were three academic adult 
hospitals including one Tertiary Care Academic Centre, 
one academic children’s hospital, and one community 
laboratory servicing the metropolitan area.

Three hundred and fifty nine PBS slides were included 
in the study. They were selected from PBS performed 
by Calgary Laboratory Services as part of routine 
clinical service. Smears were selected to include 
examples of leukocyte abnormalities including, atypical 

lymphocytes, blasts, and left shifted blood counts. For 
the slides whole venous blood samples were collected 
in  K3EDTA  vaccutainer tubes (BD  diagnostics Franklin 
Lakes, NJ USA). Samples were processed utilizing an 
automated hematology analyzer‑LH750 (Beckman‑coulter, 
Brea, California). These instruments were equipped with 
automated slide maker and stainer. PBS were stained with 
the Wright‑Giemsa stain.

Manual differential counts of 400 white blood cells 
were performed at various participating sites by 
two (200 cell count each) experienced laboratory 
technologists trained in PBS morphology. The PBS slides 
were then analyzed by the DM96 slide scanning unit with 
CellaVision Blood Differential Software (CellaVision, 
AB, Lund, Sweden). This system automatically selects 
115 leukocytes for image analysis. The actual white blood 
cells counted may have been lower when non‑leukocytes 
were mistakenly counted by the machine. The same 
technologists who performed the manual differential 
also performed the CellaVision reclassification; however 
to minimize the influence of prior exposure of PBS 
slide morphology on DM96 analysis; the slides were 
randomly selected, and analysis was performed at 
different time points. Statistics were performed with 
Microsoft Excel 2010 (Microsoft, Redmond, WA) and 
SPSS Statistics 19 (IBM, Armonk, NY). The white 
blood cell differential percentage for each cell type was 
compared between manual counts by the technologists 
and automated counts by the DM96 by calculation of 
Pearson’s correlation coefficient and represented visually 
by scatter plots. A P ≤ 0.05 was  selected  as  the  level  of 
significance.

RESULTS

Three hundred and fifty nine blood smears were included 
in the study. The percentage cell type breakdown by 
manual count and as counted by the DM96 is presented 
in Table 1. Figure 1 shows scatterplots for each leukocyte 
cell type. The correlation coefficients (r2) range from a 
high of 0.99 for blasts to a low of 0.72 for metamyelocytes. 
Due to low cell counts, metamyelocytes, myelocytes, 
and promyelocytes were grouped together as “immature 
granulocytes” for analysis.

CONCLUSIONS

Examination of PBS is a labor intensive and time 
consuming, but clinically necessary, activity in today’s 
hematopathology laboratory. We evaluated the 
performance of the DM96 automated morphologic PBS 
analysis system in classifying the leukocytes in 359 cases 
and compared the results to a manual assessment of the 
PBS. Our data showed excellent correlation (r2  >  0.90) 
between the DM96 and manual microscopy for segmented 
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grouped together as immature granulocytes there was 
excellent correlation.

Our results are consistent with several previous studies of 
the DM96,[9‑12] and a study of the next slide digital review 
network[13] [Table 2]. Notably, our eosinophil correlation 
was higher compared to previous findings (r2  =  0.50[9] 
to 0.85[12]). The reasons for this are not clear but it is 
important to note that we had generally higher numbers 
of eosinophils in our selected samples compared to the 
previous studies.

Our results for myelocytes and promyelocytes were 
significantly better than the only previous study that 
assessed these cells (myelocytes: r2  =  0.88 for our study, 
vs. r2 = 0.37 in Briggs et al.;[9] promyelocytes: r2 = 0.74 for 
our study, vs. r2 = 0.42 in Briggs et al.[9]). Their correlation 
for metamyelocytes was higher than ours (r2  =  0.72 for 
our study, vs. r2  =  0.93 in Briggs et al.[9]). These results 
may be due to the low numbers of immature cells in 
their study as they included a large number of normal 
PBS (45/136) while our data does not include normal 
smears. The aggregation of metamyelocytes, myelocytes, 
and promyelocytes provided an improved correlation 

Table 1: Characteristics of peripheral blood slides 
included in this study

Cell type N Manual DM96

Average 
%

SD 
%

Average 
%

SD 
%

Segmented neutrophils 359 48.3 24.7 48.4 25.2
Lymphocytes 359 29.0 23.2 28.3 23.3
Monocytes 359 7.7 7.2 8.5 7.7
Eosinophils 359 2.3 4.2 2.2 4.4
Basophils 359 0.7 1.8 0.7 1.9
Bands 359 4.0 7.0 3.5 6.4
Metamyelocytes 359 1.2 2.4 1.5 2.8
Myelocytes 359 1.1 2.7 1.2 3.0
Promyelocytes 359 0.1 0.6 0.2 1.0
Immature granulocytes 359 2.4 5.1 3.0 5.9
Blasts 359 5.6 18.0 5.4 17.6

SD: Standard deviation

Figure 1: Comparison between manual differential counts and DM96 differential counts for each leukocyte cell type

neutrophils, lymphocytes, and blasts. Lower correlations 
were seen with eosinophils, monocytes, basophils, and 
bands. Metamyelocytes, myelocytes, and promyelocytes 
also showed lower correlations. However, when these were 
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Table 2: Correlation coefficients between DM96 and manual microscopy in the classification of leukocytes. 
Correlation for the nextslide digital review network and correlation between technologists and an expert 
reference are included for comparison

Cell type This 
study

Briggs 
et al.*[9]

Kratz 
et al.[10]

Cornet 
et al.[11]

Ceelie 
et al.[12]

Yu 
et al.**[13]

Koepke 
et al.***[4]

Neutrophils (total) 0.9859 0.9536 0.9134
Lymphocytes 0.9547 0.9591 0.9393 0.9405 0.901 0.73
Monocytes 0.8316 0.805 0.6658 0.7004 0.8176 0.41
Eosinophils 0.8821 0.672 0.73 0.846 0.7671 0.83
Basophils 0.7637 0.0534 0.5592 0.32
Segmented neutrophils 0.9611 0.8771 0.9528 0.87
Bands 0.874 0.6852 0.7961 0.8868
Metamyelocytes 0.717 0.9331
Myelocytes 0.8806 0.3709
Promyelocytes 0.7357 0.4175
Blasts 0.9861 0.9953 0.9 0.984 0.9769
Immature granulocytes 
(meta‑, myelo‑, and promyelocytes)

0.9064 0.9514 0.9285

Atypical lymphocytes 0.9326

*Cells per liter used for correlation coefficient calculation rather than percentage of cell type, **Correlation between nextslide digital review network and manual microscopy, 
***Correlation between 73 technologists and expert reference

compared to the individual cell subtypes in our study 
as well as in Briggs et al.[9] (r2  =  0.91 and r2  =  0.95 
respectively). This is likely due to the ability of the 
DM96 and technologists to easily identify immature 
granulocytes (of which the majority would be of 
neutrophilic lineage), but difficulty due to subjectivity in 
subclassifying their maturity.

Basophil identification also had a significantly better 
correlation in our study compared to the only previously 
published result published (r2  =  0.76 for our study, vs. 
r2 = 0.05 in Briggs et al.[9]). Again, this may be due to the 
low number of basophils in the older study. Our study 
potentially had more basophils as we did not include 
normal PBS. It is interesting to note that in a study by 
Koepke et al.[4] where the correlation in the classification 
of PBS cells between 73 technologists and expert 
references showed an r2 of only 0.32 for basophils. This 
may be due to improved technologist training in recent 
years. It may also be related to the fact that in our study, 
basophils are being identified by the same small group 
of technologists in both the manual microscopy and in 
the reclassification of CellaVision cells, while in Koepke 
et al.,[4] the reference cell identification was performed by 
a separate group of individuals.

Overall, the correlation between the DM96 and 
manual microscopy in our study is similar to, and in 
some cases, better than the range of variance between 
individual technologists. This is demonstrated in Table 2, 
comparing our correlation coefficients to those of the 
study by Koepke et al.[4] Previous precision studies have 
also confirmed this.[9,12] The impact of this enhanced 
efficiency and inter‑observer correlation on the number 

of smears referred for pathologist’s review is yet to be 
seen through case controlled studies in the future.

There are several limitations to our study. First, 
our selection of PBS is not random. This may have 
produced a biased result. However, this may also 
represent a useful aspect of our study as one goal of 
automation is for the DM96 to classify abnormal 
smears. The percentage of abnormal smears is low 
in routine hematopathology practice and a random 
sample would assess very few abnormal smears. Despite 
the non‑random selection of cases, basophils, and 
immature granulocytes remain low in numbers for our 
analysis. Another limitation is that the technologists 
participating at each laboratory involved in our study 
only analyzed the slides from their own hospital 
sites. Within each laboratory, a small group of 2 or 3 
technologists manually read the PBS and reclassified 
the results of the DM96. As a result, there is a large 
probability that the same technologist manually read 
the slide and also reclassified the DM96 results. This 
may artificially improve the correlation between the 
manual and automated classification methods. Finally, 
our study, similar to most previous studies, focused on 
the reclassified cell results rather than the automated 
pre‑classified results. Although, this is how the DM96 
will be used in clinical practice, the resultant studies 
ultimately assess the ability of technologists to identify 
cells on a computer screen rather than test the ability 
of the DM96 algorithms to classify cells. As a result, 
the studies, including our study are unable to test the 
possibility of full automation of PBS analysis.

Our study shows that the DM96 is a useful tool in the 
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examination of PBS morphology with performance 
similar to that of manual microscopy. The DM96 will 
only be useful if it is cost effective, particularly as 
cost control has become essential in the current era of 
economic uncertainty. It has previously been shown that 
the DM96 is faster than manual smear examination an 
aspect confirmed in our internal departmental validation 
studies.[9,10,12,14,15] This is of particular importance as 
labor is one of the major expenditures in the laboratory. 
In addition, digitized images provide many advantages 
compared to manual slide microscopy. Images of 
individual leukocytes can be stored for educational 
activities, quality control, and expert consultation. Images 
may be transmitted from remote locations or areas with a 
lack of trained technologists to institutions with expertise. 
Finally, it has been shown that education using images 
captured by systems such as the DM96 allows for quicker 
leukocyte recognition among new trainees.[16] Future 
studies include the assessment of the ability of the DM96 
to identify specific PBS morphologic diagnoses.
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