The Role of Atrtificial Intelligence (Al) in Enhancing the Efficiency of Automated Blood Cell Counters

The Role of Artificial Intelligence (Al) in

Enhancing the Efficiency of Automated Blood
Cell Counters

Abstract

Objective: To investigate the role of Al in enhancing the efficiency of automated blood-cell counters for
identifying different pathologies and reducing human errors.

Materials and Methods: The data of this article is collected from various well-known academic data
bases after careful analysis of mostly articles published in the last 5 years.

Results: Al incorporation into automated blood cell counters reduces manual work and the extra burden.
The advanced image-analysis ability of these types of blood cell counters helps them to identify different
types of morphological changes which helps in the early diagnosis of different types of leukemia and
other blood cancers.

Conclusion: Integrating Al into blood cell counts plays a significant role in diagnosis. These
advancements are helpful for patients and laboratory professionals. Although there are some ethical
challenges doexist in these advanced technologies. Continued innovations and validations are key
components of the future of Al-based blood cell counts.
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Introduction

Automated blood cell counters are mostly used in
hematology departments for performing complete blood
counts. These instruments are essential for monitoring
various types of cells including red blood cells,
leukocytes. Moreover, it is involved in the detection of
various diseases, including anemia, infections, and
hematologic malignancies." These blood cell counters
provide more efficient, quick, and accurate results, which
will help in pathology laboratory procedures. Therefore,
further tests and treatments are recommended by the
treating physician or clinician.?3

In hematological investigations, microscopy of stained
peripheral blood smears is still used.* Automated blood
cell counters mostly relied on the principle of impedance
and flow cytometry for counting and differentiating blood
cells on the basis of their size, granulation and other
physical properties. These methods are most reliable for
routine testing. These tests are less reliable for the
differentiation of atypical cells such as blast cells in
leukemia, malignancies and atypical lymphocytes in other
severe infections.*®

The aim of this study was to explore the involvement of
Artificial intelligence (Al) in automated blood cell
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counters to improve cell differentiation, enhance the
detection of abnormal cells, and improve the
effectiveness of hematological diagnosis in different
hematological pathologies. This will also improve the
accuracy, and reliability of diagnosis and reduce errors in
hematological diagnosis.

Methodology

The data in this article is collected from well-known
academic sources or databases. The data is collected
after a thorough analysis of targeted paper that are
specifically related to the role of Al in enhancing the
efficiency of automated blood-cell counters in pathology.
We used different data sources like google scholar for
searching of articles related to Al and automated blood
cell analyzers. Search terms include Al for blood cell
counting, and hematology applications. Similarly,
Research Gate was used to retrieve data on recent
advancements in machine learning and deep learning
algorithms, and ScienceDirect was used to access
articles related to trends in Al applications in hematology.
Additionally, PubMed and Wiley Online Library are used
to access data on Al in clinical pathology, hematology
automation, and Al-involved automated hematology
analyzers.
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Non-pathological data of Al is not selected for this article.
Mostly the recent 5 years data that is specifically related
to this article are preferred for this review.

Al Integration in Automated Blood Cell
Counters

The involvement of Al algorithms in automated blood
cell counters plays an essential role in the advancement
of pathology, especially in improving blood-cell counting
and identification. Blood cell counting using manual
microscopy is a difficult procedure that must be
performed by skilled persons. Although this method is
accurate, it is time consuming, and human errors are also
existed in this method.’

Al Algorithms in Pathology

Artificial intelligence (Al) is the application of
automated technologies to perform operations or resolve
issues in the same way as the human brain with flexibility
and adaptability.? There is a large role or machine
learning (ML) and deep learning (DL) in artificial
intelligence  (Al) algorithms. Artificial Intelligence,
machine learning, and deep learning are subsets of each
other® their relationship between is explained well in the
figure no.1.

Al
ML

DL

Al = Artificial Intelligence; ML = Machine Learning; DL = Deep Learning

Figure no.1: Relationship between Artificial
Intelligence (Al), Machine Learning (ML) and Deep
Learning (DL).

A machine learning algorithm is developed to learn from
data and train machines to manage information
effectively. Regarding to the context of counting and
identifying blood cells, these algorithms are trained on
large data base that consists of labeled images of
different types of blood cells. During the training phase,
the algorithm learns to identify different features of cells
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that differentiate different types of cells. One beneficial
feature of machine learning algorithms is their
adaptability, which improves with increasing exposure to
new data 1

Deep learning algorithms can analyze and process data
and information. Deep learning algorithms involve
convolutional neural networks (CNNs) which are effective
for image recognition.'> ' Concerning blood cell
counting, convolutional neural networks can extract data
from images and cell structures. A deep learning model
trained on a blood smear can easily identify and
differentiate cells with more accuracy and precision than
a human. Deep learning models can also deal with data
more efficiently and effectively. In summary, both deep
learning and machine learning algorithms improve the
reliability and efficiency of automated blood-cell at work.
By automating blood cell counters with the help of
artificial intelligence, pathology laboratories can improve
diagnosis accuracy. This not only increases the accuracy
of results, but also ensures that patients receive faster
and more accurate diagnoses.®

Image Analysis

An important factor in improving blood cell
identification in blood samples is Al-based picture
analysis. Traditional methods are based on flow
cytometry with the use of fluorescent dyes to detect the
cells’ structure, size and presence of DNA or RNA'™, as
shown in figure no. 2.
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Figure no 2. Flow Cytometry Method for Cell Detection
Using Fluorescent Dyes.

Deep learning and machine learning models are
experts in automatically analyzing complex images and
identify appropriate features. Artificial intelligence-
associated image analysis can accurately differentiate
different types of white blood cells which are essential for
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diagnosing infection, inflammatory diseases, and
hematology-related  cancers.  Artificial Intelligence
algorithms can process a large amount of image data
quickly and provide real-time analysis, thus reducing the
burden placed on pathologists. This allows pathologists
to focus on more complex cases, that require expertise.
Additionally, abnormal cells or patterns are flagged for
additional examination by artificial intelligence analysis,
ensuring that no critical findings are missed.'*'® Figure 3
gives us a better understanding of artificial intelligence-
based image analysis of blood cells.

\at
ML
DL

Figure no 3. Al-Based Blood Cell Image Analysis.

Many different automated blood cell analyzers that use
the integration of artificial intelligence to analyze blood
cells are manufactured by different diagnostic companies
some of which are mentioned here. The Cella Vision
system is a company that manufactures artificial
intelligence-based automated blood cell analyzers that
analyze blood and other biological specimens. The model
names were Cella Vision DM96, Cella Vision DM1200,
and Cella Vision DM9600. Sysmex DI-60 is the model for
a company name Sysmex. The model names of different
other companies are Vision Hema of West Medica, Easy
Cell of Medica Corporation, Nextslide of Nextslide
Imaging LLC, and Cobas m511 of Roche Diagnostics.
These models of all companies have salient features with
artificial intelligence integration for cell categorization and
image assessment, a smear checker to evaluate blood
smear quality and reduced user workload."-"°

Existing Literature Review

Numerous studies have investigated the integration
of Al into automated blood cell counts, and each has
provided important knowledge to enhance diagnostic
sensitivity, and accuracy. Table | provides a summary of
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the studies in a very effective manner in the context of
artificial intelligence-based diagnosis.

Benefits in Diagnostic Scenario

The field of pathology is rapidly evolving and artificial
intelligence can enhance different aspects of diagnosis.
Pathology labs can overcome traditional limitations,
increase accuracy, and simplify processes by integration
artificial intelligence. Integrating Al tools with pathology
provides continuous training for laboratory workers. This
helps in learning and identifying the complex morphology
of different cells.?¥@%2" Artificial intelligence increases
pathology accuracy by identifying even complex cells in
the blood morphology which may be missed by
traditional methods. Artificial intelligence can even
differentiate highly morphologically similar cells with high
efficiency compared to even an experienced person like
rare blood cells and early signs of hematological
malignancies. The involvement of artificial intelligence
increases the speed of work by reducing the manual
work like manual review of blood slides, and cell
classification, because manual techniques lead to human
errors. The involvement of artificial intelligence and
automation will allow pathologists and lab staff to focus
on more complex cases.?®* Figure 04 presents the who
work flow for blood cell analysis using an Al (machine
learning and deep learning) collaborative blood cell
counter from the first step blood sample collection to final
generation of report.

Report

Generation Sample

Collection

Review by
Hematologist

Submission
Al Pattern to Analyzer
Recognition in

Image Analysis

(ML +DL)

Flow
Cytometry
Analysis

Image Capture
& Analysis

Al-Pattern
Recognition
(ML+DL)

Automated
Blood Smear
Preparation

Figure no 4. Al-integrated Automated Blood Cell
Analysis Workflow.
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Table I: Summary of Recent Studies on Al Integration in Diagnostic Enhancement.

Year
2020

Reference
(20)

(21) 2021

(5) 2023

(22) 2023

(23) 2024

Objective

Convolutional Neural Networks
(CNNs) were used in this study
to create a model for
identifying and categorizing
WBCs in blood smear pictures.
The study's goal was to create
artificial intelligence software
that  would automatically
identify hemoglobin H clumps
in blood smears and improve
the accuracy of alpha-
thalassemia diagnosis.
Thestudy improved precision
of hematological diagnosis by
improving data interpretation
viaAl-integration.

This study investigated Al and
machine learning can be used
in laboratory hematology to
improve workflow and
diagnosis.

This article investigated how
clinical laboratory medicine
can better diagnose patients
and improve efficiency and
accuracy by integrating Al.

Methodology

A dataset of 12,500 pictures of
white blood cells was used in this
study, and a CNN model was
implemented for feature
collection and identification.

The study used Al software to
evaluate blood smears for HbH
inclusion detection, and then
compared the results to regular
diagnostic techniques.

This study includes a literature
review that highlights recent
developments and obstacles in
the use of machine learning for
hematological diagnostics.

The study methodology involves
a review of existing literature on
the use of machine learning
models in laboratory hematology.

The methodology of this study is
a comprehensive literature
review analyzing the integration
of artificial intelligence in clinical
laboratory  medicine  across
various domains.

Key Findings
The CNN model increased the
accuracy of differentiation

between similar cell types.

The Al system identified HbH with
a sensitivity of ninety one percent
and a specificity of ninety nine
percent.

The key finding of this study is that
automated analysis of complicated
data using machine learning and

deep learning improves the
efficiency and accuracy of
identifying hematological
malignancies.

The main  conclusion of this

study is that machine learning, can
handle vast amount of data from
hematology analyzers for better

diagnoses and early
disease detection precision.
The integration of artificial

intelligence into clinical laboratory
medicine will increases accuracy,
efficiency, and patient care.

Application in Diagnostics

The involvement of artificial intelligence in health care,
especially in the field of diagnosis increases efficiency in
its every aspect. An automated blood cell counter with
integration of artificial intelligence used to detect many
hematological disorders like leukemia by detecting
features related to white blood cells, anemia by

identifying the characteristics related to red blood cells.3"
32

Al integrated blood cell counters involved in the early
detection of many malignancies related to hematology. It
is hard to detect leukemia easily because in normal
methods there are many human and machine errors that
makes it difficult to detect earlier. It is mostly detected in
the last stages, so at that time it is challenging to treat
because of few options of therapies at that time.*
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The other application of Al in the automated blood
counter is that it makes the automated reporting system
most reliable and accurate. This decreases the over
burdens on hematologists and lab staff. This method also
reduces the human errors in reporting. This standard
method also provides real-time alerts related to life-
threatening abnormalities that are important for patient’s
timely treatment.3436

Challenges and Limitations

The interpretation of the most complex cases in an Al-
integrated automated blood cell counter is a big
challenge. These Al-integrated automated blood cell
counters can interpret large amount of data in a quick
way and identify different patterns accurately that can be
missed by a human eye. Pathologists rely on the data but
also keep an eye on their clinical background and his
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experience. Artificial intelligence lacks understanding of
disease but pathologist have knowledge about disease
and he gained this knowledge from his experience.
However, the high integration of artificial intelligence in
the laboratory work may cause the shortage of skilled
pathologists.%”

First-generation algorithms are available on the market.
Although a lot of work has gone into developing and
verifying these algorithms, none of them are ideal. Much
dependence on artificial intelligence may cause laziness
to the workers. Trust in dependence on artificial
intelligence in also an issue in using Al-integrated
automated blood cell analyzers because in this way there
is also chances of leakage of data. The other main issue
is the expensiveness of this method that may be
unaffordable for small setups or diagnostics center.®

Future Pathways

The involvement of artificial intelligence in the automated
blood cell analyzer is likely to change the field of
hematology and will made the analyzers more reliable.
Over the time period better deep learning and machine
learning algorithms will available with the help of real time
feedback that will make the process more reliable and
more accurate.’®*° Al-enhanced blood cell counters
could play an essential role in future personalized
medicine®?. Integration of Al in automated blood cell
counters could also be used in prediction, how a patient’s
complete blood count test will response to a certain
treatment that will reduce the trial-and-error approach.
Ongoing education and training of the laboratory staff will
also important for the reliable implementation of the
artificial intelligence in the automated blood cell
analyzers.*2 43

Conclusions

1. Al systems have shown exceptional accuracy in
identifying  different blood cell types, even
uncommon or abnormal cells. This accuracy reduces
human diagnostic errors and makes the results more
reliable.

2. Atrtificial intelligence increases the speed of diagnosis
process and reduces the turnaround time in
laboratory. This is essential in the emergency cases
when the results of tests are required on urgent
bases.

J. Haematol Stem Cell Res. 2025;5(1): 119-125

3.

The advance image analysis ability in these types of
blood cell counters help them to identify different
types of morphological changes which helps in the
early diagnosis of different types of leukemia and
other blood cancers.

The involvement of artificial intelligence makes easier
the way of personalized diagnostics based on the
patient profile which makes the treatment more
effective.

There are different types of automated blood cell
counters which works with collaboration of artificial
intelligence made by different companies like Cella
Vision, Roche, Sysmex and many more.

Al integrated automated analyzers are involved in the
correct pattern recognition of blood cells, real time
diagnosis of different diseases and early diagnosis of
hematology related malignancies.

There are some ethical challenges and limitations are
existed in these advance technologies that must be
improved for the safe and reliable implementations.

Use of Al in pathology signifies a paradigm change
toward a more automated approach and holds the
potential to improve the overall quality of patient
care.
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