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Abstract 

Artificial Intelligence (AI) and Machine Learning (ML) are rapidly transforming modern 

medicine by helping in processing great volumes of clinical data with exceptional speed and 

accuracy. As medical knowledge expands and guidelines change, AI tools support the 

management of information overload and improve clinical workflows.  

The aim of this article is to review concrete examples of AI and ML applications across various 

medical specialties, focusing of their ability to accelerate processes and enhance diagnostic 

accuracy. 

In radiology, AI models demonstrate better performance in chest imaging and comparable 

accuracy in mammography compared to doctors, while reducing the impact of human factors 

such as fatigue. In cancer care, AI allows for multi-omics integration, precise pathological 

evaluation (e.g. GastroMIL model) and prognostic forecasting. Dermatological studies reveal 

that AI algorithms can outperform dermatologists in classifying skin leisons (72,1% vs 65,78% 

accuracy). In cardiology, AI enhances risk stratification beyond traditional scales and 

demonstrates higher sensitivity in ECG interpretation compared to healthcare professionals.  

Through real-time monitoring of hemodynamic stability and postoperative pain management, 

anesthesiology has integrated AI into clinical practice to improve accuracy of detection of 

hypotension by 40%. Preoperatively, AI provides assistance to assess risk and offers assistance 

to the perioperative team during the surgical procedure. AI also improves medical record 

documentation and decreases the administrative burden of documentation on the physician. AI 

systems currently augment our clinical intelligence by overcoming limitations in human 

cognition such as fatigue and algorithmically processing large volume datasets on a daily basis 

to improve diagnostic accuracy, treatment personalization and efficiency of healthcare. 

 

KEYWORDS: Artificial Intelligence, Machine Learning, Clinical Decision Support Systems, 

Diagnostic Accuracy, Deep Learning in Medicine 

 

INTRODUCTION: 

AI (Artificial intelligence) and ML (Machine learning) are constantly becoming an increasingly 

important component of modern human life and functioning within our current global reality 

[1]. The vast volume of knowledge and data that have become accessible via the Internet can 

now be processed and analyzed with unprecedented speed and accuracy. This capability 
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significantly improves the process of searching for and validating reliable information, leading 

to the formulation of more appropriate decisions, both in private and professional life. 

Medicine, as a dynamic and rapidly-evolving field of science is confronted with a continuous 

stream of novel research findings and as a result, constantly shifting clinical guidelines. This 

makes this domain a great beneficent of the advanced analytical power provided by AI and ML 

tools, as they are able to process and learn from vast repositories of complex clinical data, such 

as large-scale diagnostic imaging results. Their level of comprehensive pattern recognition and 

data synthesis is often practically unachievable for human analysis alone. This makes the AIM 

(Artificial Intelligence in Medicine) an exceptionally capable tool for constant enhancements 

of diagnostic accuracy, increase in clinical workflow efficiency, and the development of highly 

individualized and personalized treatment options for patients [2]. 

The primary goal of this article is to review concrete examples of successful application of AI 

and ML technologies in medicine to accelerate and/or enhance the precision associated with 

making clinical diagnoses. 

 

HISTORICAL OVERWIEW: 

The earliest computer systems designed to emulate human brain function in decision-making 

emerged in the 1950s. These systems operated primarly on the basis of sequential „if… then…” 

logic instuctions. [2].  

However, it was not untill the 1970s that the systems which used AI in medical applications 

appeared. The first one was INTERNIST-1, which was designed to make a diagnosis based on 

patient symptoms, utilizing a search algorithm. It became the cornerstone of future interest in 

AI, as it had shown a great potential in making diagnosis easier, faster and more reliable.  

Other, following pioneering systems which utilized AI are MYCIN, which assisted in providing 

the list of potential bacterial pathogens and selecting the appropriate antibiotic and its dose for 

patients diagnosed with infectious diseases based on their symptoms and DXplain, which was 

a redefined and more advanced version of INTERNIST-1, capable of providing information on 

approximately 500 diseases.  

The next milestone, which effectively became the father of currently utilized AI systems, was 

the creation of IMB’s Watson in 2007. Watson utilized Natural Language Processing, making 

it capable of processing data from various sources and analyzing its context. As a result, its 

reasoning was not restricted to preprogrammed rules. The system could comprehensively 

analyze entire electronic medical records, not just the entered symptoms, while simultaneously 

scanning data from latest digital sources of medical knowledge. This breakthrough provided 
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new possibilities for evidence-based clinical decision making. Furthermore, the output could 

incorporate not only the diagnosis, but also suggestions regarding the most appropriate course 

of further medical treatment. [2,3] 

 

CURRENT APPLICATIONS: 

The AI systems currently utilized in medicine operate mainly on principles similar to those of 

the Watson. They use different types of ML algorithms which are applied to analyze vast 

databases containing, for example, the latest Evidence Based Medicine findings or patient 

records with physician-confirmed diagnoses. ML alhorithms utilize these databases to train the 

model, generate pattern recognition, extrapolation, elaboration strategies and allow the model 

to learn through experience.  

This process results in the creation of a mathematical algorithm capable of analyzing new 

clinical cases and formulating probable diagnoses or the most appropriate medical management 

in real time. The generated data can assist physicians in both the process of conservative 

treatment through the direct presentation of the findings, and in interventional treatment, where 

the data is utilized directly by robots participating in surgical procedures. [4,5] 

 

AI APPLICATIONS IN RADIOLOGY: 

In radiology, AI is primarly used to support radiologists in interpreting diagnostic imaging. It 

is most commonly utilized for analysis of magnetic resonance imaging (MRI) and computed 

tomography (CT) scans, mainly focusing on the nervous system and the chest. The most 

frequent clinical use cases in these tests include diagnosing neoplasms (tumors), trauma, 

Alzheimer’s disease and other neurodegenerative conditions, myocardial infraction or coronary 

artery disease, pneumonia, or hemorrhage. [6,7] 

Regarding chest imaging studies, when comparing the precision and recall of an AI model’s 

diagnosis with the average precision and recall achieved across four practicing radiologists with 

4, 7, 25 and 28 years of experience, the AI model achieved a significantly higher performance. 

The AI model reached an F1 score of 0,435, compared to the average radiologist score of 0,387 

[8]. 

In the assessment of mammography, AI obtained slightly higher accuracy results than the 

average performance of 101 radiologists. The efficacy of detection of leisions by AI, measured 

using the Area Under the ROC Curve (AUC), reached a score of 0,840, whereas the average 

score of the radiologists was 0,814. Although the AI achieved a higer AUC than 61,4% of the 

radiologists, the difference proved to be statistically insignificant [9]. 
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It is important to note, however, that the presented examples of AI’s effectiveness would be 

more pronounced in real-world clinical applications. This is because, in standard clinical 

practise, radiologists often have a very limited amont of time, frequently restricted to a few 

seconds, to evaluate an image. They are also often subject to fatigue or distraction from other 

duties. Unlike human, AI algorithms are not susceptible to factors such as fatigue, emotional 

distraction, or the subjective biases resulting from prior experience. [10] 

 

AI APPLICATIONS IN CANCER CARE: 

AI in cancer care can be utilized in detection, diagnosis, staging, grading, therapy, discovery of 

therapeutic targets and prognosis. In the detection process, AI can support the physician in 

making appropriate decisions regarding successive diagnostic steps. This is particularly 

relevant when a patient presents with non-specific symptoms that might not immediately 

suggest the risk of malignancy. Initial risk assessment for the presence of a tumor primarily 

relies on imaging studies, where, as previously mentioned, AI is used to reduce the physician’s 

workload, consequently increasing the accuracy and time to initial diagnosis.  

AI can also be applied at the next stage: pathological evaluation of the biopsy material under a 

microscope. Firstly, AI can automatically convert unstained whole-slide images into images 

stained with hematoxylin and eosin (H&E), which is considered the “standard stain” and used 

in almost all clinical settings. Secondly, AI can evaluate and describe these slides. One example 

of this ability is the GastroMIL model, which is specialized in describing pathological changes 

in patients with gastric cancer, achieving and accuracy of 0.92, a result comparable to that of 

human experts. Artificial intelligence algorithms can also be used to integrate data grom 

genomics, transcriptomics, proteomics, and metabolomics to identify cancer driver genes, 

discover new therapeutic targets and predict the patient’s response to various drugs. Last but 

not least, AI algorithms can assist with prognostic forecasting, replacing limited linear models, 

predicting overall survival and disease-free survival. [11, 12] 

 

AI APPLICATIONS IN DERMATOLOGY: 

In dermatology, AI is utilized primarily for evaluation of skin lesions. 

In a dermatological study focused on the identification of skin cancers- including both the most 

commonly occurring and types and those with the highest mortality rates- AI achieved higher 

scores for correct diagnosis than human dermatologists. In the first part of the study,  

AI demonstrated an accuracy of 72.1 ± 0.9%, compared to 65.78% achieved by dermatologists. 
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In the second part, AI’s effectiveness was 55.4% ± 1.7%, slightly higher than the dermatologists’ 

score of 54.15%. [13] 

 

AI APPLICATIONS IN CARDIOLOGY: 

In cardiology, AI systems are primarily applied for risk assessment and diagnostic purposes. 

Current methods for risk stratification include scales, such as the CHA2DS2-VASc score, 

which were developed based on large, yet often limited, number of patients. There is also a lack 

of unambiguous data regarding the accuracy of these scales, particularly within certain 

demographics, such as African Americans. In case of AI, it is able to utilize much larger patient 

populations for model training, as well as the ability to calibrate risk-prediction equations  

in real-time. This allows for the inclusion of a significantly greater number of variables, 

therefore enhancing the accuracy of risk assessment for a specific patient [14]. 

For diagnostic purposes, AI can be used to evaluate electrocardiograms (ECG). In the case  

of certain conditions, such as paroxysmal atrial fibrillation (AF), where irregularities are not 

constantly present, monitoring is required over long periods of time. The manual evaluation  

of such a prolonged recording would be laborious and time-consuming. Therefore,  

AI algorithms are utilized to extract only the abnormal sections of the recording, significantly 

reducing the physician's workload [15]. 

Moreover, AI can also be utilized to evaluate and interpret the entire ECG tracing. In a study 

comparing the effectiveness of ECG interpretation by an AI model and by healthcare 

professionals, the AI model achieved 93.5% sensitivity and 87.0% specificity. In contrast, the 

healthcare professionals had 84.6% sensitivity and 73.2% specificity, which proved  

to be a statistically significant difference in the effectiveness of correct ECG interpretation  

in favor of the AI model [16]. 

 

AI APPLICATIONS IN ANAESTHESIOLOGY: 

In anaesthesiology, AI is primarily used in association with surgical procedures. 

Intraoperatively, AI supports anesthesiologists in detecting hypotension and hypoxemia, and 

helps with maintenance of hemodynamic stability [17]. Systems equipped with artificial 

intelligence algorithms can be used to control the rate of anesthetic administration. Based on 

data such as heart rate, oxygen saturation, ECG and other parameters routinely collected during 

surgery by the anesthesiology team, AI can maintain the depth of anesthesia more tightly and 

reduce intraoperative hemodynamic fluctuations and, therefore, recovery times. According to 
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research, AI can be up to 40% more effective than standard treatment algorithms in detecting 

hypotension [18]. 

In postoperative care, AI models are applied to pain prediction and management, including 

prediction of acute and chronic postoperative pain and persistent opioid use, often with 

AUROCs over or equal to 0.8 and identification of modifiable risk factors, carifying phenotypic 

pain trajectories and linking them to personalized multimodal analgesia strategies and 

supporting perioperative pain assessment (e.g., using physiological or behavioral signals) and 

forecasting adverse effects of pain medications. In these applications, AI clearly outperforms 

simple rule-based decisiona, and its use results in a reduction in pain scores, opioid use, or 

adverse events,  [19,20].  

 

AI APPLICATIONS IN SURGERY: 

Preoperatively, AI assists surgeons in risk stratification, procedural planning, and complication 

and mortality prediction, generally with AUROCs over or equal to 0.8, which exceeds human 

scores by 0,04-0,09 [21]. In metabolic bariatric surgery, AI models predict a spectrum of short 

and long term complications, readmissions, leaks, VTE, hemorrhage, and weight loss 

trajectories, again often with clinically significant AUROCs [22].  In thoracic and spine surgery, 

AI tools augment preoperative imaging, staging, and risk prediction, supporting decisions about 

operative approach and perioperative management, with improved predictive performance over 

classical risk models but limited prospective clinical evaluation [23, 24]. In microsurgical 

planning, AI aids perforator mapping and flap design, offering individualized risk stratification 

and potentially reducing operative time and complications, based largely on feasibility and 

accuracy studies [25]. 

AI in surgery can also be utilized intraoperatively. Computer vision and deep learning systems 

recognize surgical phases, instruments, hand motions, and critical structures in laparoscopic, 

general, neurosurgical, and ophthalmic procedures with AUCs of 0.85–0.95 and accuracies 

often 80–99% in test datasets, supporting phase based guidance, workflow anticipation, and 

skill assessment [26 ,27, 28]. In general surgery 18% reductions in intraoperative errors and 

approximately 30 minute reductions in operative time was observed for complex cases when 

AI assistance was used (e.g., real time guidance, error detection, robotic support) versus 

standard practice [29]. AI enhanced robotic systems in minimally invasive and complex surgery 

achieve higher precision, fewer complications, and improved recovery metrics in selected 

studies, but most evidence is drawn from small series or early trials [23,30].  
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Postoperative usecases of AI in surgery include assisting with detecting early complications 

(e.g., sepsis, leak, deterioration) in GI and abdominal surgery, outperforming standard scores 

in early detection, but with limited prospective deployment data [31,32]. 

 

AI APPLICATIONS IN MEDICAL ADMINISTRATION 

AI in medical administration can be utilized to streamline hospital discharge records. Patient 

discharge records are time-consuming, require appropriate preparation and consideration from 

a medical, legal and administrative standpoint.  This leads to significant variability in 

documentation, which can complicate the analysis of a patient’s medical history when they 

receive treatment across different healthcare units. The solution to mentioned problems may be 

to utilize AI, which would substantially simplify the standardization of the medical record 

structure, reduce the burden of paperwork on physicians, and enhance the ease of analyzing 

documentation. [33]  

 

SUMMARY 

The integration of Artificial Intelligence (AI) and Machine Learning (ML) into clinical practice 

represents a shift from traditional, rule-based medical process to data-driven, adaptive 

intelligence. From the early logic-based systems of the 1950s and the pioneering INTERNIST-

1 to the sophisticated Deep Learning algorithms of today, AI has evolved into an irreplaceable 

component of modern healthcare. 

The evidence reviewed in this article has shown that AI is not merely a theoretical concept but 

rather, it is a practical tool that provides actual improvements in performance in different 

specialties. In the diagnostic fields of radiology, dermatology, and cardiology, AI algorithms 

frequently match or exceed human experts in pattern recognition tasks, offering higher 

sensitivity and specificity while remaining unaffected by cognitive fatigue and distraction. In 

addition, AI is helping to improve patient safety in the interventional areas of surgery and 

anesthesiology through the improvement of hemodynamic monitoring and the reduction of 

intraoperative errors, as well as shortening the time necessary to complete procedures. 

Furthermore, the application of AI in oncology enables a level of personalized care through the 

integration of genomics and pathology, that was previously impossible. 

AI also helps address many critical administrative issues arising out of the need to develop and 

implement documentation and standardized medical records by streamlining documentation 

and standardizing medical records, therefore allowing physicians to dedicate more time to direct 

patient care. Although the role of human oversight cannot be completely replaced by AI, given 
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its ability to analyze large amounts of complex data and provide real-time, evidence-based 

recommendations, AI can complement a physician's clinical expertise by assisting in producing 

more accurate diagnoses and more effective treatments. As AI healthcare technology continues 

to mature, it will be well-positioned to evolve from a supportive role in helping to enhance 

clinical effectiveness to becoming the primary source of support for the entire clinical decision-

making process. 
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