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ABSTRACT 
In most clinical laboratories, hematologists rely on the 
microscopic analysis of stained blood films to accurately 
classify cells, aiding in the diagnosis and monitoring of a 
variety of disorders and conditions. Use of the 
microscope, although considered the gold standard in 
performing white blood cell differentials, presents a 
variety of limitations Digital image technology can 
facilitate a variety of essential job functions in clinical 
hematology such as: consulting with colleagues, 
improving training, referencing an abnormal cell, and 
utilizing archived images for quality assurance and 
competency assessment.  
 
A questionnaire was developed to survey medical 
laboratory professionals about their perceptions 
regarding the benefits and limitations for using digital 
images in clinical hematology. The questionnaire was 
sent in March 2012 to an entire list of 81 current 
CellaVision™ DM96 (CellaVision AB, Sweden) 
consumers. A response rate of 46% was obtained. 
 
Background information on participants, 5-point Likert 
scale averages, percentage agreement (strongly agree and 
agree), and disagreement (strongly disagree and 
disagree) were calculated and analyzed. The benefits of 
using the CellaVision™ DM96 rated the strongest by 
respondents included: decreased eyestrain, consistency 
among patient results and advantages in training 
personnel. Respondents reported notable limitations as 
being: restrictions with accurately estimating platelets 
and red cell morphology.  
 
Digital image software is currently being utilized in pre-
clinical and clinical hematology and offers potential 
benefits. With upgrades in slide scanning features and 
improved capabilities to view platelet and red cell 
morphology, a transition to digital image technology 
from the conventional method for performing 
peripheral blood cell differentials is possible.  
 

ABBREVIATIONS: MLP - medical laboratory 
professionals; MLS - Medical Laboratory Science; FDA 
- Food and Drug Association; CLIA - Clinical 
Laboratory Improvement Acts; CAP - College of 
American Pathologists 
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INTRODUCTION 
Many advances have been made in the field of digital 
imaging and virtual microscopy in a variety of medical 
disciplines. Radiology has successfully adopted digital 
images for routine clinical practice.1 Several sub-
divisions in pathology have begun to capitalize on the 
rewards of using digital images, including histology, 
cytology and dermatopathology. These fields have also 
utilized digital images for use in research, education, 
and telepathology.2-8 
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Although use of the microscope has been the traditional 
gold standard for examining peripheral blood cells, it 
has a variety of limitations including: physical fatigue; 
lack of an ability to compare cells; possible 
inconsistencies among personnel; and an inability to 
review previous work.9,10,11 Limitations of the 
microscope also include missed malignancies and 
significant abnormalities, especially if the malignant 
cells occur in low numbers. Training and teaching are 
also hindered by the limitations of the microscope, 
often causing frustrating and incomplete training.  In 
the educational setting, glass slides, often representing 
rare and unusual cases, can fade, be damaged or break 
over time.12 
 
Digital images offer potential benefits to improve 
patient care, clinical accuracy, and educational 
opportunities.7-17  With new technology in differential 
reading and pre-classification software, such as the 
CellaVision™ DM96, (CellaVision AB, Sweden) it is 
possible that these obstacles can be overcome. The 
CellaVision™ DM96 offers quality images that can be 
zoomed, compared side-by-side, converted to a picture 
(.jpeg) format and viewed simultaneously by other 
medical personnel. The software pre-classifies white 
blood cells for an automatic differential count on 
peripheral blood or body fluid smears; pre-characterizes 
parts of the red morphology; and supports platelet 
estimation. 
 
Benefits and limitations of digital images have been 
explored in other fields in pathology, but there is 
limited research in hematology.8 More clinical 
laboratories are investing in this instrumentation, but 
perceptions utilizing digital images in clinical 
hematology are not well documented in the literature. 
There have been some studies describing the accuracy of 
the instrument’s pre-classification capabilities,10,11,13-15 
but little known research encompassing the  complete 
benefits and limitations of the technology. By studying 
the benefits and limitations of digital image software in 
clinical hematology, medical laboratory professionals 
(MLP) can offer insights for possibly transitioning from 
the traditional microscope to digital image technology 
and provide improvements for the future. Since MLP in 
clinical hematology are currently the only ones in 
pathology using digital images in a clinical setting, their 
perceptions are valuable. They can offer knowledge to 
the field of pathology, which is currently using digital 

images primarily for educational, research and 
telepathology purposes. 
 
MATERIAL AND METHODS 
A questionnaire originally developed for pathologists 
about perceived benefits and limitations to digital 
images by a member of the research team1 was 
significantly tailored for use in this study. The survey 
was redesigned to target practicing MLP who currently 
use CellaVision DM96 to conduct peripheral blood 
differentials. The population investigated included all 
known users of CellaVision™ instrumentation who have 
purchased instrumentation directly from CellaVision. 
Study participants were emailed with a request to 
participate in the study as well as a link to the online 
questionnaire (SurveyMonkey©). A pilot study was 
conducted with 10 individuals from the target 
population as a convenience sample of current 
CellaVision users. Minor revisions (three grammatical 
changes) were made to the survey to improve the clarity 
and dictation. The data gathered from these 10 
individuals were included in the study. 
 
  In March 2012, the survey was sent to an additional 
71 individuals, representing 55 medical facilities in the 
USA and Canada from a list provided by CellaVision. 
Two follow up non-respondent e-mails were sent 
approximately two weeks apart to increase the response 
rate. Responses were received from 37 of 81 individuals 
(46%), representing 23 of 55 (42%) medical facilities. 
The questionnaire was divided into three sections. The 
first area sought individual and facility demographic 
information for all respondents including: degree, years 
of experience, years performing differentials (total and 
with digital images), type of employing clinical 
institution, gender and current position. Each 
respondent then was asked to indicate if their laboratory 
currently used digital images for reading peripheral 
blood cell differentials. The non-users of digital images 
were directed to a pathway of two sections of questions: 
first, regarding possible transitioning to digital slides 
and then about perceived usefulness of digital images 
capabilities. Although some instructions were on the 
user client list, they classified themselves as non-users of 
the technology since they were still in the validation 
stage of the software. The users of digital image 
technology were directed to different sections of the 
questionnaire. These included comparison of the 
microscope to digital images; possible advantages using 
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digital images; perceived usefulness of digital images 
(the same set was used for non-users); possible 
limitations using digital images; and opinions regarding 
digital images in training and education. Questions 
examining perceptions used a five point Likert scale of 
strongly agree, agree, neither agree nor disagree, 
disagree, strongly disagree and do not know. The 
questionnaire received exempt IRB approval from The 
Ohio State University Office of Responsible Research 
Practices.  
 
The data were analyzed by Microsoft Excel© to 
investigate the following two research objectives: 1) 
characterizing the demographics of respondents and 2) 
identifying the perceptions of benefits and limitations 
for digital image usage. Results for the first research 
objective were tabulated and reported. For the second 
research objective, responses were ranked by level of 
agreement with each question and total statements of 
agreement and disagreement were calculated. 
 
RESULTS 
Demographic Characteristics 
Demographic characteristics of the entire group 
surveyed are summarized in Table 1.  The majority 
(67.6%) of the participants possessed a 4-year degree in 
medical laboratory science (MLS). Medical Laboratory 
Science programs in Canada have an equivalent 3-year 
degree, which accounted for 8.1% of the respondents. 
Almost half of the participants (43.2%) had more than 
20 years of experience in reading peripheral blood 
smears. Nearly 40% (38.9%) had between 1-3 years of 
experience using digital images for reading differential 
smears and 25.0% had worked between 4-6 years. The 
type of the facilities represented varied, with the highest 
sources being university hospital/teaching hospital 
(51.4%), cancer hospital (35.1%) and medium sized 
hospital (32.4%). Females comprised over 75% 
(78.4%) of the surveyed population. Most individuals 
completing the questionnaire held a higher position 
than a staff laboratory scientist: supervisor/manager 
(40.5%) and lead scientist/charge scientist (32.4%).  
 
The questionnaire was divided into two different paths 
based on current use or non-use of digital images for 
reading peripheral blood cell differentials. The user 
group comprised 78.4% (n=29) while non-users 
represented 21.6% (n=8).  
 

Perceived Benefits and Limitations 
The rates of agreement and disagreement for all 
responses are listed in Table 2 of the user group. The 
pilot data were pooled with the rest of the data because 
there were no statistically significant differences on any 
of the items. The percentage of agreement with benefits 
ranged from 58.6% to 96.5% (median 79.2%), whereas 
the percentage of agreement with limitations ranged 
from 10.7% to 60.7% (median 32.1%).  The benefits 
with the highest agreement were: 1) reduced eyestrain 
(97%), 2) more consistent results (93%), and 3) easier 
training for new employees (89%).  The benefits with 
the lowest agreement were: 1) easier recognition of 
bacteria and white blood cell inclusions (14%) and 2) 
easier to concentrate using digital images than a 
microscope (6.9%).  
 
The limitations with the highest agreement were: 1) less 
accurate platelet estimation 61%), 2) less accurate 
evaluation of red cell morphology (54%), and 3) less 
efficient use of microscope when exclusively trained on 
digital images (52%).  
 
The limitations with the lowest agreement, meaning 
that the study participants disagreed with these 
statements, were: 1) overestimation of abnormal cells 
(61% disagreement), and 2) difficulty fixing the 
instrument if it stops working (64% disagreement).   
 
Non-User Group  
The non-user group was also surveyed with a different 
set of questions. After the respondents indicated that 
they do not currently use digital images for peripheral 
blood smears, they were provided with a separate set of 
questions. The sample size for this population was very 
small, with 8 respondents. On the open ended response 
question for factors impacting their laboratory’s 
decision to continue microscopy the results included: 
cost (1 time), availability of instrument (2 times), 
difficulty of transition (3 times), low volume of patients 
(1 time), administrative problems (2 times) and concern 
for turnaround times (1 time). Interestingly, 100% 
believed that digital images would be useful in their 
laboratories and 100% agreed that digital images would 
offer new benefits in the training process for new 
employees. 
 
Frequency of Use of Education and Training 
Functionality 
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Digital images can be utilized for a variety of uses 
beyond clinical diagnosis. With the CellaVision™ 
DM96, images can be easily saved as .jpg images that 
can be reviewed at a later time. Users were asked how 
frequently their laboratory used available functionality 
to have easy access to create reference material, perform 
competency testing, or use images for case studies. The 
most frequently used functionality was competency 

testing (50.0% frequently, 32.1% occasionally), then 
case studies (46.4% frequently, 42.9% occasionally), 
and then reference material (35.7% frequently, 60.7% 
occasionally).   
 
DISCUSSION 
Discussion on Benefits of Digital Image Technology 
The highest  rated  benefit of  digital  image  technology  

  

Table 1. Demographic Information of All Participants  
  

Certification of respondents 
4 year laboratory degree - MT (Medical Technologist) or MLS (Medical Laboratory Scientist) 67.6% 
2 year laboratory degree - MLT (Medical Laboratory Technician) 16.2% 
Specialist certification - H (Hematology), C (chemistry) 8.1% 
Other 8.1% 
Length of time working as a MLP 
<1 year 2.7% 
1 - 3 years ago 2.7% 
4 - 6 years ago 13.5% 
7 - 10 years ago 13.5% 
11 - 20 years ago 18.9% 
>20 years ago 48.6% 
Total years of experience reading blood differential smears 
< 1 year 2.7% 
1 - 3 years 2.7% 
4 - 6 years 18.9% 
7 - 10 years 16.2% 
11 - 20 years 16.2% 
>20 years 43.2% 
Years of experience using digital images for differential smears 
no experience 5.6% 
< 1 year 27.8% 
1 - 3 years 38.9% 
4 - 6 years 25.0% 
> 7 years 2.8% 
Type of facility  
Doctor's office 0.0% 
Small hospital <300 beds 5.4% 
Medium hospital 301 - 800 beds 32.4% 
Large hospital >801 beds 24.3% 
University hospital / teaching hospital 51.4% 
Cancer hospital 35.1% 
Non-hospital clinical laboratory 10.8% 
Other 8.1% 
Gender 
Male 21.6% 
Female 78.4% 
Current position in the laboratory 
Student 0.0% 
Generalist / Bench Technologist 10.8% 
Key Technologist 10.8% 
Lead technologist / Charge Technologist 32.4% 
Supervisor / Manager 40.5% 
Director 0.0% 
Pathologist 0.0% 
Other 5.4% 
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Table 2. Percentage Agreement and Disagreement and 5-Point Likert Average with Perceived Benefits and Limitations of CellaVision™ 
DM96 
  

 % of Responses Likert  
 SA + A SD +D Average 
  

Perceived Benefits  
Eye strain is less severe with the use of digital images.  96.5 3.4 4.4 
Digital images allow for more consistency for patient results among scientists.  93.1 0 4.3 
Training new employees on abnormal and rare disorders is easier with digital images.  89.3 3.6 4.3 
Side by side cell comparison allowable by digital images is useful for an accurate differential.  86.2 0 4.1 
I am less dizzy and physical fatigued using digital images.  82.7 3.4 4.2 
The use of digital images allows me to recognize more abnormal results with low levels of abnormal cells.  79.3 6.8 4.0 
Recognizing and classifying abnormal cells is easier with digital images.  79.2 3.4 4.0 
Training new employees in differentials is easier with digital images.  78.6 3.6 4.2 
Digital images make it easier to differentiate reactive/benign cells versus malignant. 75.8 6.8 3.9 
My turnaround times are faster using digital slides than the microscope.  69 3.4 4.0 
It is easier to concentrate using digital images than a microscope.  68.9 6.9 3.8 
Digital images are useful for generalist technologists who do not perform differentials on a daily basis.  68.9 6.8 3.8 
It is easier to recognize bacteria and/or white blood cell inclusions using digital images. 58.6 13.7 3.5 
Perceived Limitations 
Digital images have limitations with accurately estimating platelets.  60.7 32.1 3.3 
Digital images have limitations with evaluating red cell morphology.  53.6 35.7 3.2 
New employees are not able to use the microscope as efficiently if exclusively trained on digital images.  51.8 18.5 3.3 
Digital imaging instruments are difficult to use with neonatal specimens.  35.7 42.9 2.9 
Instrument pre-classification of cells could lead to inaccurate reporting of patient results.  32.1 42.9 2.9 
It is difficult to adjust to the color of cells with digital images.  20.7 55.1 2.5 
Using the digital image could enable me to falsely classify or overcall higher numbers of abnormal cells.  14.3 60.7 2.5 
It is not clear what the return on investment is for purchasing digital image equipment.  13.8 55.2 2.0 
I am concerned that I will not know how to fix the instrument if it stopped working.  10.7 64.3 2.1 
  

SA=Strongly Agree, A=Agree, SD=Strongly Disagree, D=Disagree, 
 
from this survey was reduction of eyestrain, with a Li-
kert average of 4.4, and a percentage of strongly agrees 
and agrees of 96.5%. Eye fatigue has been noted in a 
previous publication resulting from continuous 
observation using a microscope.6 With regards to other 
personnel-related benefits, less dizziness and physical 
fatigue using digital images was the fourth highest rated 
benefit, with a Likert average of 4.2, percentage of 
agreement of 82.7%.  
 
Increased consistency of patient results received the 
second highest Likert average (4.3), and accounted for a 
high agreement percentage of 93.1%. Medical 
laboratory professionals described this benefit as 
standardization, uniformity, and consistent results from 
day to day and among scientists. An advantage of using 
digital images for consistency has also been noted in 
pathology research.2,5,11  
 
Benefits in education and training using digital image 
technology have been documented in the literature in 

pathology and hematology.2,12,18-21 This benefit also 
received high Likert averages and agreement percentages 
in this study.  The statement, training new employees 
on abnormal and rare disorders is easier, resulted in an 
89.3% agreement rate (4.3 Likert average) and training 
new employees is easier with digital images a 78.6% 
agreement rate (4.2 Likert average). Of the user 
respondent group, only a low percentage of laboratories 
reported never utilizing the instrument’s ability to use 
digital images for further use in education training – 
reference material (3.6%), competency testing (17.9%) 
and case studies (10.7%).  
 
Speed and efficiency improve with the CellaVision™ 
DM96 system and is in agreement with previous 
reports.10,11,14  Data show turnaround times being faster 
with digital images obtaining a Likert average of 4.0, 
and an agreement percentage of 69%. The disagreement 
range was only 3.4%, 24.1% of respondents who 
answered with neither agree nor disagree. On the 
contrary, time was noted as a limitation from studies 
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performed in surgical pathology.4 Time (actual minutes 
performing the differential) was noted to be quicker 
with the CellaVision™ DM96 technology.10,11,14 
Workflow was also reported in 2005 – with no 
significant difference for the experienced MLP, but 
25% improvement for the inexperienced MLP.10 

Workflow studies also demonstrated actual sample 
handling  less than 50% than that of manual method of 
performing a differential.14 
 
Discussion of Limitations of Digital Image 
Technology 
Limitations with accurately estimating platelets and 
evaluating red cell morphology were rated highest 
among users, with Likert averages (3.3 and 3.2) and 
percent agreement (60.7 and 53.6%). An earlier study 
utilizing CellaVision™ DM96 also noted that in 23% of 
the cases the scientists believed the images did not allow 
them to adequately evaluate RBC and platelet 
morphology.10 Five percent of cases in a study by Briggs 
et al. were deemed inadequate for morphological 
assessment of red cells.13 
 
In this study, the only other perceived limitation to 
have higher agreement was new employees not being 
able to use the microscope as efficiently, if exclusively 
trained on digital images. This limitation can be 
overcome with a training program that utilizes both 
methods.  From the literature, transition and 
dependency were also other limitations noted. This 
includes transitioning from the microscope to digital 
images, and dependency on one method. Pathology was 
noted to have difficulty transitioning to new 
techniques5,22 while studies in hematology noted MLP 
became dependent on the technology.10,14  
 
Quality of images was frequently mentioned in 
pathology research2,4,5 but did not appear to be a 
limitation in clinical hematology literature. Method of 
preparing and staining smears affects this limitation, as 
slides can be automatically generated with a hematology 
instrument, or by transitional methods. Semi-
automated or automated slides decreased the number of 
cases with inadequate cells from poor image quality.10 
This questionnaire did not ask specifically about image 
quality, but adjustment to color was calculated with a 
low Likert average (2.5), and a higher disagreement 
percent (55.1%) than agreement (20.7%).   
 

Technical issues were noted in the literature2,5 which are 
applicable to CellaVision™ technology as well. In 
previous studies, no breakdowns of the instrument 
occurred during the three month evaluation period12, 
but in another study, the instrument was down for 8 
times for a total time of 12-20 minutes each 
downtime.10   Concern with fixing an instrument 
received a Likert average of 2.1 (second lowest). Ability 
to fix the instrument received the lowest agreement 
percentage (10.7%), and the highest disagreement 
percentage (64.3). 
 
Cellular pre-classification ability of the CellaVision™ 
DM96 software has been studied by a number of 
researchers.10,12,14 Although results have to be verified by 
a MLP before being released, this feature was not noted 
in the literature.  It was not highly regarded as a 
limitation by this survey, receiving a Likert average of 
2.9, a higher disagreement percent (42.9%) than 
agreement (32.1%). 
 
Cost of the instrument was perceived as a major 
limitation. One research study showed the instrument 
provided reduced labor costs.10 Cost has different 
personal and organizational interpretations and most 
likely relates to initial setup of instrument and purchase 
price of software. Some respondents in this investigation 
may also not have decision-making responsibilities and 
may not have been involved in price negotiations.  
 
Some of the limitations identified in the literature from 
pathology do not apply to this instrumentation. For 
example, standards and regulation guidelines are not an 
issue for digital image technology in hematology. The 
instrument was first FDA approved in February 2004 
and each proposal undergoes a strict validation study 
according to CLIA and CAP standards.  The ability to 
annotate is also possible with CellaVision™ DM96 
technology with ability to save images and create a 
reference set. The ability of software to efficiently 
produce quality images was noted as a limitation in 
pathology.2,4,6,22  
 
CONCLUSION 
Results of this study are generally consistent with other 
research on the benefits and limitations of digital 
images. For benefits, these include: less severe eye strain 
and fatigue; enhanced use in personnel training and 
education; consistency, comparability, and consensus 
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review amongst MLP; and time optimization.10,11,14 
Limitations include difficulty with platelet and red cell 
morphology and some issues with the pre-classification 
capability from the software. 
 
An interesting finding is the low agreement scores for 
perceived limitations. The literature suggests that the 
use of digital images presents some obstacles when they 
are used for clinical diagnosis. Of the possible 
limitations surveyed, only three of nine listed 
limitations had strongly agree/agree scores higher than 
disagree/strongly disagree, suggesting the users did not 
agree this was a limitation of the instrumentation. On 
the contrary, all benefits had much larger percentages 
for total agreement than total disagreement. Since 
clinical hematology is one field in pathology using 
digital images for diagnosing patients, the limitations 
have the potential of being minimized. The technology 
is FDA approved and has been updated and improved 
over the years.  
 
Limitations with red cell morphology and estimation of 
platelets have been noted in the literature and supported 
by data presented here. In some routine laboratory 
practices, these cell types are evaluated on a variety of 
microscopic powers (40X and 100X) and while 
scanning the slides, which is not a capability of the 
CellaVision™ DM96 instrument. In the current 
laboratory environment, there is still a need for the 
microscope in scanning slides. With improved 
instrument technology and eventually a full slide-
scanning feature in the future, use of microscopes could 
be diminished in the hematology laboratory. 
 
The CellaVision™ DM96 instrument is able to produce 
high quality images of white blood cells that can be 
enlarged and compared. This technology is currently in 
clinical use, and suggests the benefits outweigh 
limitations. If MLP in the laboratory can overcome the 
obstacles associated with cost, software upgrades and 
staff transitions, and embrace all of the capabilities of 
the instrument, the advantages are considerable. Also, if 
the manufacturer continues to develop or modify 
instrumentation focused towards smaller volume 
laboratories with lower costs, the market for this 
instrument can increase. 
 
Currently, this instrumentation can be effective in 
laboratories with a high workload. The comparison 

feature is also a beneficial tool in laboratories with a 
high population of patients with malignant and 
pathological hematological conditions. Beyond the 
everyday efficiency and capacity for comparison, digital 
images can improve education and training programs. 
Teaching hospitals can utilize the digital images for 
building case studies and reference materials. Digital 
images viewed on the computer screen are also valuable 
for laboratories that instruct new employees, students 
and interns, allowing the trainer and trainee to view 
images simultaneously.  
 
There were several limitations to this study. First, this 
questionnaire was only distributed to users who 
purchased a CellaVision™ instrument directly from one 
of three possible vendors, so it is not an exhaustive 
sample of all users in the United States and Canada. 
Second, since the targeted population chosen was 
current users of the technology, a positive bias could 
exist for the technology. This population was selected 
on the assumption that experienced users could provide 
unique insights that those who have not actively used 
the software could not. A future study could investigate 
similar perceptions from a random population of users 
and non-users of the instrument. Finally, the response 
rate for this survey and overall number of participants 
might result in response biases. Nevertheless, this is an 
emerging area where there is great interest in learning 
how early adopters view perceived benefits and 
limitations, and this is the largest known study of this 
target population.  
 
These results provide more information on an emerging 
and important technology. Although the results 
demonstrate a strong basis for MLP appreciating the 
benefits and capitalizing on the capabilities of digital 
image technology, additional research is needed. Future 
studies conducted with current users of the technology, 
as well as a larger base of non-users would be beneficial 
to further identify common benefits and limitations. 
Accuracy could also be further analyzed with MLP 
performing differentials on slides with a variety of 
diseases and conditions with abnormal cells, especially 
cases with low levels of abnormal cells. These studies 
could help the manufacturer further improve the 
instrumentation. The feedback from MLP offers 
valuable information to help other potential users of 
this technology evaluate its efficacy and potential in 
their own laboratories.  
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