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Abstract  

The integration of artificial intelligence (AI) in histopathological diagnostics represents a transformative advancement in healthcare, 
facilitating enhanced accuracy in disease detection and treatment planning. AI technologies, including machine learning and deep 
learning, have the potential to analyze complex data sets, improving diagnostic capabilities across various medical fields.This review 
systematically evaluates current literature on the application of AI in histopathological diagnostics, focusing on its methodologies, efficacy, 
and integration within clinical workflows. A comprehensive search was conducted across multiple databases, including MEDLINE, 
EMBASE, and CINAHL, to identify relevant studies published up to 2023.The findings indicate that AI technologies, particularly 
deep learning algorithms, demonstrate superior performance in identifying histopathological features compared to traditional methods. 
AI's ability to analyze large volumes of data enables the detection of subtle patterns that may elude human observers. Studies highlighted 
the successful application of AI in diagnosing various cancers, including breast and lung cancers, showcasing improved diagnostic accuracy 
and efficiency.The integration of AI in histopathology holds significant promise for enhancing diagnostic precision and optimizing patient 
care. However, challenges remain in the form of regulatory approval, clinical implementation, and the need for robust training datasets. 
Continued research and collaboration among pathologists, data scientists, and healthcare professionals are essential to fully realize the 
potential of AI in histopathological diagnostics. 
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Introduction 

The advancement of healthcare artificial intelligence pertains to the creation of AI systems designed to 
assist clinicians in diagnosing, making treatment choices, and predicting outcomes. These kinds of systems 
involve artificial neural networks (ANN), fuzzy intelligence systems, mixed intelligent structures, and 
evolutionary computing. The progression of intelligent medical technology has facilitated the birth of a new 
medical discipline: augmented medicine. Additional digital instruments, like surgical navigational systems 
for computer-assisted operation and virtual reality continuum devices for surgical procedures, alleviating 
pain, and psychotic disorders, are further facilitating augmented medicine. AccuVein serves as a notable 
example. The portable apparatus uses laser technology to see under the epidermis and into the veins. The 
objective is to facilitate the identification of veins for blood extraction or intravenous device placement by 
physicians, nurses, or other medical personnel. The augmented reality device encompassed a headset with 
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an LCD panel that allowed physicians to see the patient via it. It enabled the simultaneous projection of 
pictures from X-rays or CT (computed tomography) scans onto the body. Provided that the pictures are 
precisely aligned, it seems as if surgeons had X-ray vision. 

Artificial intelligence seeks to replicate human cognitive processes. It is instigating a paradigm change in 
healthcare, driven by the growing accessibility to medical information and the rapid advancement of 
analytical methodologies (1). Artificial intelligence methodologies include machine learning approaches for 
structured data, including traditional support vector machines and neural networks, alongside contemporary 
deep learning, and even natural language synthesis for unorganized information. Significant domains using 
AI techniques are oncology, neurology, medicine, and cardiology (1). Machine learning is the major kind of 
AI used in the medical industry. Neural networks as well as deep learning are among the most intricate 
forms of machine learning, characterized by several layers of characteristics or variables that forecast 
outcomes. The identification of potentially dangerous tumors in radiographic images is a prevalent use of 
machine learning in healthcare. 

Deep learning is progressively used in radiomics, which involves the identification of clinically relevant 
patterns in imaging data that surpass human visual detection capabilities. Another category, referred to as 
natural language processing (NLP), encompasses applications such as voice recognition, text analysis, 
translation, and other language-related objectives. There are two fundamental methodologies: statistical as 
well as semantic NLP. The primary uses of NLP in healthcare are to the generation, comprehension, and 
categorization of clinical data and published research. Language processing systems may analyze 
unorganized medical records on patients, provide reports (e.g., on radiological exams), transcribe patient 
exchanges, and facilitate conversational AI. Robotic process automation used in medical care for repetitive 
tasks like prior authorization, patient information updates, and invoicing. 

Since the 1970s, when MYCIN was developed at Stanford to identify blood-borne bacterial infections, 
artificial intelligence has concentrated on illness diagnosis and treatment. Artificial intelligence involves the 
acquisition of data, its interpretation, and subsequent learning to get the intended output. 

Analysis 

Laboratory medicine continually integrates new technologies to enhance clinical decision-making, disease 
monitoring, and patient safety. Innovation may transform medical systems and laboratory science by 
equipping healthcare professionals with the information and tools necessary to provide superior care to a 
greater number of patients while employing less resources. Machine learning has the capacity to 
revolutionize current diagnostic, disease prevention, and control methodologies, significantly enhancing 
patient security as well as therapy efficacy. To optimize workflow and manpower utilization, laboratories 
increasingly use software to automate samples, functioning, and result management. Rule-based 
autoverification, for instance, juxtaposes patient outcomes against several parameters to authenticate and 
accelerate reporting or responsive measures. Concurrently, advanced systems oversee operations to detect 
bottlenecks and alert to potential issues, like STAT sample latency or chemical expiration. Healthcare 
systems depend on digitalization to oversee many point-of-care (POC) testing equipment and their 
information outside the central laboratory. These rule-based programs execute tasks and computations 
precisely as intended, according to established logic. Artificial intelligence represents the subsequent stage 
in the development of laboratory software. The understanding of AI and its implementation is a subject of 
continuing controversy among treating doctors; yet, it has shown accuracy in the radiographic and 
laboratory evaluations of infectious illnesses. 

Infectious illnesses are marked by fast transmission and detrimental consequences, necessitating that 
researchers investigate and anticipate the geographical spread and future severity of an epidemic. 
Mathematicians have used machine learning techniques to predict both the magnitude and geographical 
distribution of the epidemic, as well as to analyze the infection dynamics. The COVID-19 epidemic has 
lately acted as a stimulus for artificial intelligence and innovation. Kaur et al. examined the outcomes of 
computational models and demonstrated that human-driven control approaches significantly impacted the 
identification, evaluation, prediction, and monitoring of infected individuals. Their analysis contrasted AI 
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and non-AI methodologies for identifying COVID-19 symptoms, emphasizing AI as an essential tool in 
the management of infectious diseases and its application during the COVID-19 pandemic, aimed at 
minimizing time, cost, and human effort while delivering effective and reliable solutions in the crisis (4). 

Lin et al. conducted a retrospective study utilizing a deep learning model, COVNet, a neural network 
designed for COVID-19 detection by extracting visual data from dimensional chest CT scans. The study 
included CT scans of community-acquired pneumonia (CAP) along with other non-pneumonia 
abnormalities to evaluate the model's robustness. The authors found that in the unbiased data established, 
the per-scan specificity and sensitivity for detecting CAP were 87 percent (152 of 175 scans) and 92 percent 
(239 of 259 scans), accordingly, with an area under the curve of receiver operating characteristics of 0.95 
(95% CI: 0.93-0.97). They proved that a deep learning system could identify coronavirus 2019 and 
differentiate it from community-acquired pneumonia and other pulmonary illnesses (5). 

Another application of AI during the COVID-19 a global epidemic is therapy monitoring, which facilitates 
the computerized prediction of virus transmission, identification of infected individuals, and dissemination 
of information regarding the pandemic status, as well as traceability by pinpointing "hot spots" to track 
infection and forecast future trends and probabilities of recovery. Airport screening constitutes one of the 
several measures used to mitigate the transmission of a contagious illness. Multiple machines learning 
parameters, including as Matlab, layered one versus one (OVO) support vector machines (SVM), leave one 
out cross-validation (LOOCV), and the SVM learning methodology, have been used in diagnostics to 
differentiate genetic sequences from bacteria (6). 

Furthermore, AI facilitates the development of vaccines and pharmaceuticals by accelerating drug 
development procedures, diagnostic processes, and clinical trial management. Numerous healthcare 
organizations have created chatbots to enhance mental health services, telehealth, and patient involvement 
and well-being. Furthermore, numerous researchers have emphasized the impact and function of arising 
healthcare tools and electronic mediums, including mobile healthcare, 5G, telecommunications- the 
Internet of Things, and artificial intelligence, in combating pandemics by serving as sophisticated tools to 
inhibit further transmission of infection (8-10). 

Medical microbiology informatics is increasingly using artificial intelligence. Genomic data from separated 
bacteria, metagenomic microbial analyses from original materials, mass spectra obtained from cultured 
bacterial isolates, and extensive digital images exemplify substantial sets of data in medical microbiology 
that can be employed to develop AI diagnoses (11). Machine-learning-based image analysis may 
revolutionize microscopy for classic Gram stains, ova and parasite detection, and histopathology slides. A 
neural network can categorize Gram stains from positive culture results into Gram positives/negatives as 
well as cocci/rods with remarkable precision (12). Mathison et al. provide computational vision verification 
for a unique application: the detection of protozoa in trichrome-stained fecal smears. This is a 
comprehensive verification of the computer recognition software, including assessments of accuracy, 
precision, and limit of detection (13). A thorough study indicated that machine learning was employed for 
identifying species and antibiotic susceptibility evaluation. Support vector machines, biological algorithms, 
artificial neural networks, and rapid classifiers were among the most widely used machine learning 
methodologies (14).  

Deep learning is especially crucial for omic research since it facilitates the integration and analysis of image-
based information with omic information, enabling the generation of novel and more reliable insights. 
Recently, infectious diseases like malaria, which need extensive diagnostic criteria and several healthcare 
services, are being detected by machine learning approaches. The application of digital in-line holographic 
microscope (DIHM) data processing for the detection of infected red blood cells in the blood of malaria 
patients is an appropriate and economical method. Moreover, diverse machine learning methodologies are 
proficient and precise in differentiating healthy cells from contaminated ones inside training and testing 
cohorts. Artificial intelligence methodologies using DIHM need little blood sample handling (16). 
Infectious outbreaks like Ebola have required the implementation of technology-driven methodologies, 
including logistic regression (LR), support vector machine (SVM) classifiers (noted for their accuracy), 
single-layer artificial neural networks (ANN), and decision trees (DT), which have demonstrated efficacy 
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as indicators for diverse Ebola-related data configurations. To enhance response efficacy, technological 
methodologies must include socioeconomic factors to provide a coherent strategy for infection 
identification and treatment (18). 

Artificial intelligence using convolutional networks is anticipated to significantly influence cancer outcome 
prediction. A study by revealed an effective method for identifying robust molecular markers for the 
particular therapy of acute myeloid leukemia (AML) (18). This was achieved by analyzing data from 30 
AML patients, which included genome-wide protein expression depicts and in vitro responsiveness to 160 
chemotherapy agents. The researchers employed a computational approach to discern accurate gene 
expression indicators for drug sensitivity, integrating multi-omic previous knowledge pertinent to each 
gene's capacity to promote cancer. Their method demonstrated superior performance compared to several 
state-of-the-art techniques in finding molecular markers, replicating invalidation data, and properly 
predicting drug sensitivity (4).  

Hirasawa et al developed a system capable of rapidly processing a substantial volume of stored endoscopic 
images with clinically significant diagnostic capabilities, potentially alleviating the burden of endoscopists 
in routine clinical practice (18). Gulshan et al. (19) developed an algorithm for the identification of accessible 
diabetic retinopathy as well as macular edema, demonstrating exceptional specificity and sensitivity (20). 
Lee et al. devised a deep learning-based computer-assisted diagnostic method for identifying cervical lymph 
node metastases using CT scan in patients with thyroid cancer (21). Initial chest CT scans for lung cancer, 
using AI-assisted automated learning, demonstrated commendable sensitivity and specificity for the 
identification of early-stage lung cancer, potentially aiding physicians in the early diagnosis of tiny lung 
cancer nodules (22). Mobedarsany et al. demonstrated that AI surpassed surgical pathologists in accuracy 
for predicting patient outcomes. This work elucidates the use of deep learning in medicine, the integration 
of histological and genomic data, and strategies for addressing obstacles such as intratumoral heterogeneity 
(23). 

Muneer et al. used AI methodologies to ascertain glioma grade, achieving commendable results with an 
accuracy over 90% (24). Yala et al. developed an extensive database employing a machine learning technique 
to discern significant tumor characteristics from breast pathology findings (25). The algorithm-driven 
smartphone application "Skinvision" may aid users in doing regular self-examinations for skin cancer by 
using a mobile device and a photograph of a skin lesion. The algorithm, like to a physician, can ascertain 
the texture, color, and morphology of the lesions. Users get an immediate risk evaluation for skin lesions 
within thirty seconds, and the technique has shown the capability to identify 95 percent of skin tumors at 
early stages (26). 

IBM's Watson has garnered significant attention for its emphasis on precision medicine, especially in the 
realms of cancer diagnosis and treatment. Watson utilizes a combination of machine learning along with 
natural language processing methodologies. Users encountered significant challenges in training Watson to 
manage specific cancer types and incorporate it into care protocols and systems, leading to a decline in early 
enthusiasm for this technological adoption (27, 28). Google is now collaborating with healthcare delivery 
networks to create big-data predictive algorithms that will notify clinicians of high-risk conditions such as 
sepsis as well as cardiac arrest (29). Nvidia, a prominent global technology company based in the United 
States, announced its intention to develop an AI supercomputer for medical research (30, 31). 

In recent years, the need for automated laboratory guidance systems has increased to provide more precise 
and expedited diagnoses. The integration of visualization and artificial intelligence into conventional 
surgical pathology is transforming the field of diagnosing surgical pathology via the digital revolution. An 
automated suggestion could reduce healthcare expenditures by enhancing the precision and effectiveness 
of test orders. Research shown that, using restricted variables from electronic health records, the deep 
learning model had superior discriminative capability for all clinical test results, achieving an average 
AUROC micro of 0.98 as well as AUROC macro of 0.94, respectively (32). WSI scanners are now capable 
of capturing and storing slides as digital images, facilitating automated analysis of histology slides. This 
scanning, in conjunction with deep learning techniques, allows the automatic identification of lesions 
depending on previously validated areas of interest (33). In a controlled environment, machine learning 
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algorithms generated possibly faster and more precise findings than 11 pathologists, as shown by recent 
study (15). The upcoming laboratory will be increasingly automated and characterized by robots, as well as 
more interconnected to use the advantages offered by AI as well as the Internet of Things. 

Artificial intelligence has several administrative uses in healthcare. These are essential in healthcare, since a 
typical US nurse allocates 25% of her time to administrative and regulatory responsibilities (34, 35). RPA is 
the innovation that is probably to be relevant to this objective. The technology has diverse healthcare 
applications, encompassing billing processes, claims processing, and clinical documentation management. 
Utilizing the DL NHS 111 algorithm, the AI-driven medical evaluation service "National Health Service" - 
NHS 24 is currently undergoing clinical testing in Scotland to aid individuals with minor health issues at 
home via telephone communication (36). Similarly, another telehealth startup, "Babylon Health," employs 
semantic web technologies to provide supplementary digital services aimed at enhancing healthcare 
outcomes. The semantic web seeks to render web information comprehensible to machines. Create a 
clinical Linked Data Graph (LDG) to amalgamate diverse bioinformatics biomedical databases in a manner 
comprehensible to the typical user of AI-driven medical services (37). 

Prior to the broad use of AI in medical care, the problem of legal responsibility must be resolved, especially 
in imaging fields like as radiology and pathology. The ambiguity and misconceptions regarding critical issues 
such as the handling of sensitive personal information, data collection, consent, transparency, storage, and 
other challenges further complicate and obscure the matter of legal accountability for AI-driven decisions 
in medicine. Recent research indicates that excessive reliance on decision-support tools in radiology resulted 
in a greater incidence of erroneous negative diagnoses compared to when the computer-aided diagnosis 
system was not used by the same cohort of radiologists (38). Recent research indicates that in a simulated 
environment, machine learning algorithms generated diagnoses that were possibly faster and more precise 
than those of 11 pathologists (39). 

Likewise, integrating AI into healthcare decision-making presents several challenges. A significant problem 
is achieving fair decision-making that avoids discrimination stemming from biases inherent in datasets and 
procedures used in system construction. Some AI models exhibit a lack of honesty, which may have no 
cognitive resemblance to the issues they address, perhaps exacerbating these difficulties (40). 
Comprehending the rationale behind a model's selection or recommendation is often a challenging 
endeavor. For example, if a decision-support tool recommends postponing a patient's knee replacement 
arthroplasty, the patient and their care team may value understanding the factors that influenced that 
recommendation. 

The future laboratory is anticipated to be more automated, characterized by robots, and more 
interconnected via artificial intelligence and the advantages of the Internet of Things. Artificial intelligence 
may be used in several domains of the medical industry, which includes but is not restricted to clinical as 
well as laboratory testing (41). Another example is MetaPath, which may be used to select new drug targets. 
These approaches may detect combinations of genetic polymorphisms or anomalies that lead to illness, 
including instances where causative genes are either identified or unidentified. Advancements in data 
integration, along with innovative AI/ML methods and disease causation models, are likely to transform 
the paradigm and provide impartial methods for identifying targets and prioritization (42). 

Conclusion 

The integration of artificial intelligence (AI) in histopathological diagnostics represents a significant 
advancement in the field of pathology, with the potential to revolutionize diagnostic practices and enhance 
patient outcomes. As the healthcare landscape becomes increasingly data-driven, AI technologies offer 
innovative solutions for addressing the complexities of disease detection and treatment planning. This 
review has highlighted the multifaceted applications of AI, including machine learning and deep learning 
algorithms, which demonstrate remarkable efficacy in analyzing histopathological images and identifying 
critical features that are often challenging for human pathologists to discern. 
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Notably, the application of AI in diagnosing various cancers, such as breast, lung, and colorectal cancer, 
has shown improved accuracy and efficiency, thereby streamlined the diagnostic process and reducing the 
time required for analysis. The ability of AI systems to process and interpret vast amounts of data in real 
time can significantly augment the capabilities of pathologists, allowing for more informed decision-making 
and timely interventions. Furthermore, AI's role in augmenting traditional diagnostic methodologies, such 
as immunohistochemistry and genomic profiling, emphasizes the importance of a multidisciplinary 
approach to cancer diagnostics. 

However, despite the promising advancements, several challenges hinder the widespread adoption of AI in 
histopathological practice. Issues related to data quality, standardization, and the integration of AI tools 
into existing workflows must be addressed to ensure that these technologies can be effectively utilized in 
clinical settings. Additionally, regulatory hurdles and the need for validation studies to confirm AI 
algorithms' reliability are critical steps that must be undertaken to gain the trust of healthcare professionals 
and patients alike. 

In conclusion, while the integration of AI in histopathology presents numerous opportunities for enhancing 
diagnostic accuracy and improving patient care, it also necessitates ongoing collaboration among 
stakeholders, including pathologists, data scientists, and regulatory bodies. Future research should focus on 
developing standardized protocols for AI implementation, ensuring the availability of high-quality training 
datasets, and fostering interdisciplinary partnerships to optimize the integration of AI technologies in 
histopathological diagnostics. By addressing these challenges, the potential benefits of AI can be fully 
realized, paving the way for a new era of precision medicine and improved health outcomes for patients 
worldwide. 
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مراجعة    المرضي:  النسيجي  التشخيص  في  الاصطناعي  الذكاء  الممارسة  دمج  في  المستقبلية  والتوجهات  والفعالية  للمنهجيات 

 السريرية 

 الملخص 

في التشخيص النسيجي المرضي تطورًا تحولياً في مجال الرعاية الصحية، حيث يسهم في   (AI) يمثل دمج الذكاء الاصطناعي :الخلفية

تحسين دقة اكتشاف الأمراض وتخطيط العلاج. تمتلك تقنيات الذكاء الاصطناعي، بما في ذلك التعلم الآلي والتعلم العميق، القدرة على  

 .مختلف المجالات الطبية تحليل مجموعات بيانات معقدة، مما يعزز القدرات التشخيصية في

تستعرض هذه المراجعة بشكل منهجي الأدبيات الحالية حول تطبيق الذكاء الاصطناعي في التشخيص النسيجي المرضي،  :المنهجية 

ذلك في  بما  بيانات،  قواعد  عدة  عبر  شامل  بحث  إجراء  تم  السريري.  العمل  سير  في  ودمجه  وفعاليته  منهجياته  على  التركيز   مع 

MEDLINE وEMBASE وCINAHL 2023، لتحديد الدراسات ذات الصلة المنشورة حتى عام 

تشير النتائج إلى أن تقنيات الذكاء الاصطناعي، وخاصة خوارزميات التعلم العميق، تحقق أداءً متفوقاً في تحديد السمات النسيجية   :النتائج

المرضية مقارنة بالطرق التقليدية. يتيح الذكاء الاصطناعي تحليل كميات كبيرة من البيانات، مما يمكنه من الكشف عن أنماط دقيقة قد  

حظات البشرية. أبرزت الدراسات تطبيق الذكاء الاصطناعي بنجاح في تشخيص أنواع مختلفة من السرطانات، بما في تغيب عن الملا

 .ذلك سرطان الثدي وسرطان الرئة، مما أظهر تحسيناً في دقة وكفاءة التشخيص

يحمل دمج الذكاء الاصطناعي في علم الأمراض النسيجي وعوداً كبيرة لتحسين الدقة التشخيصية وتحسين رعاية المرضى.   :الخلاصة

ومع ذلك، تظل هناك تحديات تتمثل في الحصول على الموافقات التنظيمية، والتنفيذ السريري، والحاجة إلى مجموعات بيانات تدريبية  

ن بين أطباء الأمراض والعلماء المتخصصين في البيانات والمهنيين الصحيين أمرًا ضرورياً لتحقيق قوية. يعد استمرار البحث والتعاو

 .الإمكانات الكاملة للذكاء الاصطناعي في التشخيص النسيجي المرضي

 .الذكاء الاصطناعي، علم الأمراض النسيجي، دقة التشخيص، التعلم الآلي، تقنيات الرعاية الصحية :الكلمات المفتاحية
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