
White paper

Ensure analytical quality and 
performance of your automated 
hematology system 

An incentive for centralization of diagnostic testing is the possibility to improve testing 
efficiency, while lowering the cost per test. However, there are situations where near-
patient testing can be of greater benefit to the patient. Not only is on-site testing 
convenient for the patient, omitting the need to travel a longer distance to a site for 
blood sampling and testing. On-site testing can also be crucial for reducing turnaround 
time in case quick response is required to meet urgent clinical needs. 

Today’s technology advancements have enabled both miniaturization and improved 
cost-efficiency of hematology analyzers, allowing the use of systems capable of 
reporting high-quality results from a complete blood count (CBC) also in smaller 
laboratories. Provided that measurement quality can be guaranteed, an automated 
hematology system can be a useful tool in early disease investigation and monitoring of 
disease progress.  

Introduction 
Clinical diagnostics is a cornerstone in healthcare and 
the results form the basis for medical decision-making. 
Hematology analysis is widely requested, both as an initial 
test in patient assessments as well as in monitoring of 
disease progression and treatment efficacy. Although the first 
automated hematology analyzers were launched already 
in the 1950s, the method is still widely adopted in diagnostic 
laboratories worldwide. A hematology analysis is cheaper 
relative to many more specific tests, and therefore accessible, 
and the results provide insights for many disease conditions 
that affect the blood cells, such as certain infections, anemia, 
blood clotting problems, and blood cancers. 

The growing demand for hematology testing can, to large 
part, be attributed to the aging population, requiring a 
greater number of tests, and the increasing investments in 
healthcare in emerging markets (1). Traditionally, hematology 
testing is conducted at a clinical laboratory away from the 
patient. However, today’s technology advancements have 
enabled equipment manufacturers to provide small devises 
that produce laboratory-quality analysis results that can 
be automatically transferred to the laboratory information 

system (LIS). Such equipment facilitates health assessments in 
the primary care, shortening time to diagnosis and initiation of 
treatment.  

Decentralized testing devices have thus significantly 
contributed to the overall growth of the hematology market, 
which is expected to reach 821 MUSD by 2024 (1). In laboratory 
hematology, CBC tests account for about 40% of total 
revenues, compared with hemoglobin at 20% and other tests 
(e.g., hemostasis and coagulation) combined at the remaining 
40%. Improved cost-efficiency of benchtop analyzers is 
among the factors that have been driving this development, 
which is seen further accelerated by the COVID-19 pandemic 
(2).  

Another practice that has gained increased popularity during 
the COVID-19 pandemic is telemedicine, with the opportunity 
to provide patients access to medical experts at a lower cost 
(3). However, telemedicine does not allow diagnostic testing. 
Patients monitored for disease recovery or adjustment of 
medication dosage for chronic diseases would greatly benefit 
from having access to nearby testing services to prevent 
prolonging the time to a new diagnosis. 
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Requirements on short turnaround testing devices 
In addition to a having a compact design to fit in confined 
spaces, a device suitable for decentralized testing should 
provide rapid results at a favorable price to provide any 
benefit over sending samples away for analysis, for example, 
to a reference testing facility or a larger hospital laboratory. 
As decentralized healthcare providers, such as a doctor’s 
office or primary care unit, can lack laboratory-trained 
staff, it is preferred that the device is of sufficiently low 
complexity to allow handling by non-laboratory trained 
personnel, for example, a nurse. As a vein puncture requires 
a specially trained phlebotomist, it is many times preferred 
that the testing device supports analysis of whole blood 
collected from a simple fingerstick capillary sample. Reagent 
formulation should allow storage at room temperature for 
a certain period of time, as refrigerator storage may not be 
available in the doctor’s office. Function and performance 
of the device should be robust and reliable, as service and 
support can be located at a far distance. 

It is also requested that decentralized testing devices shall 
provide sufficient insight to support clinical decisions. An 
automated hematology system provides results from a 
complete blood count in less than a minute. A small device 
for on-site patient testing thus supports frequent monitoring 
of patients suffering from diseases that affects the blood 
cells (e.g., dengue fever or malaria), assessment of patients 
undergoing oncology treatments (e.g., chemotherapy), and 
for screening of blood donors (e.g., for adverse effects such as 
anemia, thrombocytopenia, and lymphocytopenia). 

As the site for testing is not necessarily the site for 
interpretation of the results, connectivity that facilitates 
sharing data with off-site expertise supports the patient-
centric approach that decentralized testing constitutes. 

Pre-analytical risk factors 
Improper procedures for blood collection, transportation, 
and storage might alter the analysis results so that they do 
not correctly reflect the patient’s health condition. Data 
shows that most of all laboratory errors (approx. 70%) can 
be traced back to the pre-analytical phase (5). Hemolysis is 
one of the most common reasons why a whole blood sample 
is rejected for testing and can be caused, for example, by 
poor phlebotomy technique when collecting venous blood, 
milking the finger when collecting capillary blood, too narrow 
needle, or improper transportation or storage conditions (6). 
In addition, cold temperatures can cause blood clotting. For 
example, platelets may become activated when stored at 
refrigerated temperatures, with spontaneous aggregation as 
result. Other pre-analytical errors that can result in the need 
to call back the patient for resampling is blood collection in 
the wrong tube or insufficient filling of the tube. 

Delayed sample analysis is also a common factor associated 
with the risk of the sample being unsuitable for analysis, 
especially if the blood sample is sent for testing at a 
centralized laboratory. Definition of transportation and 
storage conditions that ensure the stability of whole blood 
samples collected for CBC testing is therefore necessary to 
ensure accurate measurement results. 

Pre-analytic risk factors related to storage and transportation 
can be minimized when time between sampling and analysis 
is shortened, for example, as when testing is performed on 
site. 

“ The great benefit of using Boule analyzers for blood cell counting in primary 
care is that the lead times from blood tests to diagnosis are significantly 
shortened. Being able to make a correct diagnosis as soon as possible 
and start the right treatment significantly increases the patient’s ability to 
recover from their illness. The possibility of being able to catch the patient 
already in primary care also contributes to significantly greater patient 
safety and quality of care.”

Sigward Söderström, former Biomedical Scientist at Örebro 
University Hospital explains the benefit with Boule hematology 
solutions in decentralized laboratory testing:
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Key process steps in focus for analyzer 
performance enhancements 
In the first-generation hematology analyzers, a fixed volume 
of sample was aspirated using a peristaltic pump. The 
aspiration process was time-dependent, that is, the pump 
was calibrated to aspirate sample during a fixed time into a 
mixing cup, where the sample was diluted. The diluted sample 
was thereafter allowed to pass through an aperture under 
a pressure gradient at a fixed time, during which the sample 
flow (volume/time unit) and number of pulses (corresponding 
to the cell number) were recorded. The software analyzed the 
size of each pulse and ascribed the corresponding cell to a 
discriminator-defined cell population.  
 
Over the years, the major technology advancements of 
automated hematology analyzers can be related to three 
steps of the cell count process:  
 
- Sample aspiration technique.  

- Cell count method (sample dilution and cell count principle). 

- Cell discrimination method. 

Sample aspiration technique 
Although simple and economic to build, the first-generation 
analyzers had their technical limitations. The precision and 
accuracy were poor, making the reliable use of these systems 
in monitoring the efficacy of medicine difficult. Time-based 
aspiration by using a peristaltic pump suffers from frequent 
system calibration, as the aspirated volume starts deviating 
from the “ideal volume” with the decreasing efficiency of the 
pump, resulting in high variation (CV) in the results.  
 
Such an aspiration method also requires that the aspiration 
module moves to the mixing cup through an X-Y moving 
assembly, which might increase the frequency of maintenance. 
The open mixing cup that is required for the free-moving 
aspiration assembly is also susceptible to accumulation of 
dust and other impurities. In later years, most manufacturers 
have replaced the peristaltic pump with a micro-syringe that 
reduces the frequency of calibration to some extent, however, 
frequency of maintenance remains the same. 

Cell count method 
The basic principle of the time-based aspiration method is 
that the aspirated blood sample is diluted and thereafter 
flushed to the measuring chamber. A pressure difference 
between the two sides of the aperture is built up, after which 
the number of pulses caused by cells flowing through the 
aperture is counted as a function of time (Fig 1).  

After a certain time, the process is interrupted and the cell 
concentration (c) in the diluted sample is calculated (Fig 
2). As the measurement is a function of time, the method 
suffers from high probability of inaccuracy if there is a small 
change in the pressure difference over the aperture or if 
protein or any other impurities build up within the aperture 
and partially block (thereby reduce) the flow, and as 
consequence, decreases the recorded concentration (c). 
Some manufacturers claim that their analyzers count the cells 
twice or even three times to increase accuracy. However, if 
the aperture is clogged, the accuracy and precision will not 
necessarily improve by counting the cells more times. Instead, 
the re-calibration need might increase.   

The second-generation analyzers, pioneered by Sysmex, 
offered unique solutions to both the aspiration technique, 
using a sample rotary valve (shear valve), and cell count 
method, calculating the cell concentration based on a fixed 
volume of diluted sample and the number of generated 
pulses in that specific volume. This method is known as the 
“absolute volume measurement principle”. 

In these second-generation analyzers, the aspirated volume 
is greater than in the first-generation analyzers, using a 
time-based method for the cell count. Rather than time-
dependency, the aspiration is stopped by a blood sensor 
and a precise volume is cut and brought to a closed mixing 
chamber using diluent reagent. This way, no mechanical 
movement of the aspiration module is required, minimizing the 
maintenance needs. As the shear valve cuts the same precise 
volume for each measurement, the analyzer calibration stays 
stable for a longer period of time.  
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Fig 1. The principle for measuring changes in the electrical impedance produced by a cell passing through 
an aperture. Each cell passing through the aperture gives rise to a pulse. The number of generated pulses 
correlates with the number of cells, whereas the size of the pulse is related to the cell size.
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For the cell count, the diluted sample pushes the liquid 
(diluent) in a metering unit, consisting of a glass tube and two 
optical sensors. When the diluent flows through the tube, it 
first triggers the start-sensor and then the stop-sensor and 
the cell count is registered during these two trigger events. 
The volume between the start- and stop-sensors is equal to 
the measured volume of the diluted sample used for the cell 
count (Fig 3). 

The interval of reaching from the start-sensor to the stop-
sensor might vary (within a stipulated time range) due to 
a partial clog of the aperture, however, the cell count will 
continue until the diluent reaches the stop-sensor and a 
constant volume is thus always recorded, ensuring precise 
and accurate results. 

As the test results from a second-generation analyzer are 
independent of external pressure or temperature or even 
partial clog at the aperture or dust particles in the mixing 
chamber, the variation in measured parameters is also 
significantly lower than for first-generation analyzers. The risk 
of dust particles affecting the results is especially critical for 
the smallest corpuscles, namely the platelets. 

Although the complex nature of the hardware increased the 
instrument cost, these second-generation analyzers were a 
better choice for medical decision-making than the first-
generation instruments. 

Overcoming the limitation of second-generation 
analyzers 
Still, there were areas where the second-generation 
instruments failed:  
 
Microcytic RBCs counted as PLTs:   
 
Accurate and precise PLT count is extremely important for 
diagnosis and monitoring of patients suffering from diseases 
like dengue fever, Leptospirosis, and malaria infection. The 
PLT count is also an important tool to determine whether a 
patient is ready to be administered a chemotherapy dose.  

Fig 2. Compared with (A) the cell concentration 1 (c1), the (B) cell concentration 2 (c2) can be falsely low in case of (C) build-up of 
particles that clog the aperture, resulting in inaccurate measurement results. 

Fig 3. The metering unit, consisting of a glass tube and two optical 
sensors, ensures precise and accurate cell count results each time. 
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A falsely elevated PLT count is therefore a challenge for 
individuals with high numbers of microcytic RBC populations.  
 
NEU falsely counted as LYM:  
 
Strong hemolytic effect of the lyse reagent used in first- and 
second-generation analyzers resulted in false lymphocytosis, 
for example, during early sepsis conditions where the NEU 
cells lose their cellular structure and thus counted as LYM cells.  
 
High maintenance needs:  
 
For instruments using an open sheer valve, salt crystals and 
blood remnants that get in contact with air can deposit at 
the junction of the two discs of the shear valve, requiring 
excessive manual cleaning. If not done in a timely manner, the 
crystals enhance the wear and tear of this expensive part. 
 
Although partial clogging does not impact the accuracy 
of results in second-generation instrument, it is good for 
the operator to know the cleanliness of the aperture during 
operations. Consequently, the second-generation analyzers 
were set with a mandatory auto de-clogging process on a 
regular basis, which enhanced the wear and tear of the costly 
aperture.  
 
By the introduction of the Medonic™ and Swelab™ analyzers, 
as part of the third-generation cell counters, Boule 
Diagnostics provided solutions to all these challenges: 
 
Floating discriminator technique ensures accurate 
separation of the RBC and PLT populations (see Section Cell 
discrimination method).  
 
The mild lyse reagent helps create a WBC size gradient, while 
maintaining cell structure even of pathogenic NEUs to prevent 
them from being over-hemolyzed, thereby minimizing the risk 
of them interfering with the LYM count.   
 
Closed shear valve design prevents entry of environmental 
impurities that might cause contamination and leakage. 
Additionally, the shear valve is flushed with diluent reagent 
to prevent build-up of salt deposits that might also cause 
leakage. To avoid wear and tear of the shearing discs, the 
shear valve is soaked in diluent, ultimately mitigating the need 
for replacement.  
 
To reduce risk for clogging, high-voltage burning of the 
aperture (cleaning based on generated air bubbles) is 
automatically carried out, but only when needed to reduce 
wear and tear. The flow rate is monitored by the analyzer 
and if the flow is irregular, an error alarm is triggered to alert 
the operator to re-count the cells and a de-clogging is 
automatically performed by the analyzer (Fig 4). 

Fig 4. The analyzer regularly monitors the flow rate, and irregular flow 
triggers an SE (measurement statistics warning) flag that alerts the 
operator of that automatic de-clogging will be conducted by the 
analyzer. 

Cell discrimination method  
Many legacy cell counters use a fixed discriminator at 30 fL for 
separation of RBC and PLT populations. However, excessive 
number of PLTs might interfere with the mean red cell volume 
(MCV) parameter. Similarly, microcytic (small) RBCs with low 
MCV can give falsely elevated PLT counts, as the minima 
between PLT and RBC histograms cannot be identified due to 
the mix of microcytic RBCs and PLTs well before the cell size 
discriminator at 30 fL.  
 
Such effects can be minimized with floating discriminator 
technique that estimates the best separation between cell 
populations. Medonic and Swelab 3-part analyzers use 
a discriminator that floats between 10 and 28 fL, thereby 
preventing the microcytic RBCs to be falsely counted as PLTs 
(Fig 5). 
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Boule Total Quality Concept  
An automated hematology system comprises both the 
analyzer as well as its dedicated consumables (Fig 6). At 
Boule Diagnostics, reagents are designed and developed 
in conjunction with the analyzer to provide optimized 
performance and enhanced serviceability of the complete 
system. Reagents and analyzer measurement technology, 
including the analysis algorithms, are fine tuned to each other 
to produce the most accurate patient results. Formulations, 
dilutions, mixing, and reaction kinetics are all carefully 
matched and optimized to work together. 

One of the most important elements of a complete 
hematology system is the quality control (QC) material. Like 
the reagents, the control and calibrator cell populations 
are matched to the system measurement technologies and 
analysis algorithms. 

To ensure analytical quality and performance, it is therefore 
recommended to only use consumables that are specifically 
designed for the intended analyzer. To facilitate proper use 
of Boule hematology systems, reagents are entered by simply 
scanning the RFID card (or barcode) on the reagent container 
(Fig 7). At the same time, the analyzer stores key reagent 
information such as lot number, open and expiry dates, and 
remaining volume, all for operator convenience. 

Conclusion 
Results from a low-cost hematology analysis can be used in 
evaluation of the need for more expensive tests or for sending 
samples away for further testing at a central laboratory. 
Near-patient hematology testing is also often used when 
close monitoring of patient recovery is required, for example, 
in progression of an infectious disease affecting the blood 
cells, prior to chemotherapy, or in assessment of regular blood 
donors. 

Provided that measurement quality can be guaranteed, an 
automated hematology system can be a useful tool in early 
patient assessments and in monitoring of disease progression 
and treatment efficacy.  

Fig 5. Floating discriminator technique prevents microcytic RBCs to be 
falsely counted as PLTs and elevated PLTs to interfere with the RBC 
count. 

Fig 6. It is recommended to use of Boule controls every day as a 
routine QC procedure. Barcode screening facilitates input of assay 
values, while preventing potential errors. 

Fig 7. To ensure analytical quality and performance of the hematology 
system, it is recommended to only use the designated reagents that 
are entered by scanning the RFID card (or barcode) on the container. 
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