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Introduction
Artificial intelligence (AI), Machine learning (ML), and other lat-
est statistical approaches have untapped growing resources and 
provided new opportunities to benefit patients with improved diag-
nostic accuracy, reliable prognosis prediction, precision treatment, 
and accurate operational efficiency for health systems.1–4 Fledgling 
AI/ML technologies included image-based diagnostic applications 
that showed early clinical promise for personalized treatment. Deep 
learning (DL) algorithms improve the accuracy in diagnosing reti-
nal pathology, and natural language processing (NPL) extracts the 
information from structural and unstructured data text embedded in 
health records.5 Statistical methods are used to develop the clinical 
correlations and establish the interrelations with samples from the 
existing data. For patient diagnosis, there are two techniques: the 
flowchart and database approaches. The flowchart approach trans-

lates a series of questions according to the patient’s history and sub-
sequently comes to a probable diagnosis by combining history with 
present symptoms. A large amount of data is fed to the ML-based 
cloud with an extensive range of symptoms and diseases that medi-
cal practitioners have come across in routine medical examinations.6 
Recently, the healthcare industry has begun using modern computer 
science and informatics-based approaches along with AI systems to 
support medical staff in the clinical setup and ongoing research of 
chronic diseases. AI has deployed efficient and precise technology 
to find cures for patients suffering from chronic diseases. AI algo-
rithms have several advantages over the traditional approaches of 
analytics and clinical decision-making. AI systems can understand 
the training data set more precisely and further help physicians with 
novel insights into treatment flexibility, care processes, diagnostics, 
and the outcomes of patients’ results.

Currently, AI is being applied to clinical decision support and 
image analysis in medical settings. Clinical decision support 
tools help clinicians decide on treatment, medications, and other 
requirements of patients by giving them rapid access to highly 
relevant information. AI tools are used to analyze computerized 
tomography scans, X-rays, nuclear magnetic resonance imaging 
(MRI), and other medical images for lesions or other markers that 
can help radiologists achieve accurate diagnoses. The research 
and results from AI predictions are used to benefit clinicians, re-
searchers, and patients. Gradually, AI has become a major player 
in the digital health support arena and is reshaping advancements 
in modern medicinal technology.7

Standard medical practice using technology will very soon re-
place traditional methods by accumulating large datasets generated 
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Abstract
Artificial intelligence (AI) with machine learning tools are used to search, store, and analyze medical data to benefit both phy-
sicians and the health of patients in various ways. With the advancement in machine learning algorithms and bioinformatics 
techniques, AI has become an essential part of modern healthcare society. AI algorithms and deep learning applications support 
clinicians with managing health records, making diagnoses and clinical decisions, prescribing medication, determining mental 
health, and imaging analysis. Clinicians gain rapid access to information and research relevant to the needs of the patients. As 
some algorithms compete with and sometimes outperform clinicians, it is necessary to fully integrate this technology into daily 
medical practices. However, we must recognize the strengths and weaknesses of AI, and obtain the perspectives of experts out-
side the medical field to enable the inclusion of the ethical, philosophical, sociological, psychological, behavioral, and economical 
aspects of machine behavior when understanding the evolving interaction of machines with humans, so that it can be used for ad-
vantageous purposes. AI technology cannot be considered a replacement for physicians, rather it can act as multiple task-oriented 
device support to ease the burden on clinicians so that they can provide better care of life to patients at every level.
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in hospitals and stored in electronic medical records through tests 
and medical imaging allowing AI to perform highly-data-driven 
medicine. Such applications are continually changing the clinical 
problem-solving approaches of both doctors and researchers. An 
overview of artificial intelligence applications is shown in Figure 1.

Although not all algorithms can compete and outperform 
clinicians effectively, they must still be utilized to ensure im-
provements in daily medical practices in a variety of tasks. Even 
though these algorithms can have a meaningful impact, numer-
ous concerns must be addressed first. Just as doctors learn from 
completing assignments, taking practical exams, performing 
observations of patients’ diseases, and previous experience, AI 
algorithms have efficient learning processes that use trained data-
sets to analyze given patterns and speech recognition, perform 
analysis of images, and make appropriate decisions accordingly. 
However, human intervention is required, as the computer must 
be told exactly which image the algorithm should look for. AI al-
gorithms perform well when doing tedious tasks, and can some-
times outperform humans in the tasks they are trained to do. The 
effective computer system is labeled with structured data with 
each data point having a label or annotation that is recognizable 
to the algorithm. Once the algorithm finds enough data point sets 
and their labels, the performance is analyzed to ensure accuracy. 
This is done by inputting test data to which the programmers 
already know the answers, allowing them to assess the ability 
of the algorithm to determine the correct answer. Based on the 
output, the algorithm is modified and fed with more data or rolled 
out to help make decisions more accurately. Algorithms used in 
medicine require either numerical (pulse rate or blood pressure) 
or image-based (MRI scans or biopsy tissue sample images) data 
as input.7 Algorithms learn from such data and produce either a 
probability or a classification. Given heart rate and blood pres-
sure data, an algorithm could easily detect the possibility of hav-
ing an arterial clot, or the probability of having cancer through 
the labeling of an imaged tissue sample. Finally, the performance 
of an algorithm in diagnosis is compared to a physician’s as-
sessment, so that the treatment can be started by extracting the 
accuracy of a combination of results. Developed by researchers 
at Seoul National University Hospital and College of Medicine, 
the AI algorithm called DLAD (Deep Learning based Automatic 
Detection) is used to analyze chest radiographs and detect abnor-

mal cell growth for cancers.8 Another learning algorithm, LYNA 
(Lymph Node Assistant, https://blog.research.google/2018/10/
applying-deep-learning-to-metastatic.html) developed by Goog-
le Healthcare is used to identify metastatic breast cancer tumors 
from the biopsy of a lymph node.

Methods in existing research findings
AI is already utilized in the online scheduling of appointments, on-
line check-ups, computerized medical records, follow-up calls, and 
vaccination date alarms for children and pregnant females, based on 
ML algorithms. ML algorithms alert patients to the adverse effects 
of multidrug usage. Radiology is at the forefront of maximizing the 
benefits of AI.9 For example, clinical imaging (image acquisition 
and storage) and computer-assisted diagnosis (CAD) have been used 
in breast screening. In some cases, the predicted results are not accu-
rate as recent studies have shown that CAD support diagnostics are 
based on true positive prediction, sensitivity and specificity, and the 
false-positive diagnosis results in unnecessary incorrect results.10 
Recently, a medical AI-based model called generalist medical AI 
was proposed and will be capable of multitasking using a very small 
or no task-specific labeled dataset.11 The model was built on large, 
diversified datasets, which can flexibly interpret the various medical 
outputs such as data imaging, electronic health records (EHRs), lab 
outputs, multiomics, and graphical or medical text.

In a study, AI radiology tools help to identify fast false exams 
in computed tomographies, X-rays, and MRIs in high-volume set-
tings, and label abnormal exams, even at hospitals with limited 
manpower. A decision support system DXplain12 was designed for 
medical students and listed predictable differentials based on com-
plex indicators (https://blog.research.google/). GermWatcher was 
used to detect and investigate infections in a hospital.13

The wider applications of AI in medicine also include thera-
peutic facilities. CBTpsych.com developed an online AI therapy 
program that has helped patients treat their anxiety using thera-
peutic approaches.14 The AI-based Da Vinci robotic system has 
transformed the surgical fields of urological and gynecological 
surgeries. A surgeon’s hand movements are mimicked by robotic 
arms operated by a computer system with a precise 3D view and 
magnification options for enhanced accuracy, which allow the sur-
geon to perform minute incisions.

Fig. 1. Overview of artificial intelligence applications in medicine. 
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Another AI web system is a collaborative design by Buoy 
Health and the Boston Children’s Hospital which provides advice 
to parents for their sick children by answering questions about 
medications and whether any symptoms require a doctor visit 
(https://www.bizjournals.com/boston/news/2018/08/22/boston-
childrens-website-to-feature-self.html). The National Institute 
of Health created the AiCure app to monitor the medications of 
patients via their smartphone webcams, hence reducing individu-
alistic rates.15 Fitbit, Apple, and other health trackers have helped 
patients monitor their pulse rates, fitness, and sleep levels. A few 
apps have even added a new electrocardiogram (ECG) tracing fea-
ture to help and support patients to receive treatment much earlier 
than usual by monitoring their activities. These advanced features 
can alert doctors regarding any variations allowing them to pro-
vide consultation with greater ease. The Netherlands has used AI 
applications for the analysis of its healthcare system by uncover-
ing mistakes in treatment and ineffectiveness in workflow to avoid 
unnecessary crowds in hospitals. Many other advances in various 
phases of development have already helped the healthcare indus-
try. IBM’s Watson Health is furnished with features to efficiently 
identify symptoms of heart disease and cancer. The Partnership in 
AI-Assisted Care features a smart health support system with ICUs 
designed with multiple sensors. The apps can sense any behavio-
ral changes in elderly people living alone and ICU patients.16,17 
The Partnership in AI-Assisted Care is also advancing its features 
of intelligent hand hygiene support and healthcare conversational 
agents. Hand hygiene support will use depth sensors with the help 
of computer vision technology to achieve perfect hand hygiene to 
avoid hospital-acquired infections.18 Siri, Google Now, S Voice, 
and Cortana are a few healthcare conversational projects that re-
spond to mental issues, interpersonal violence, and health-related 
questions from mobile phone users allowing patients to seek early 
care. A virtual nurse Molly provides follow-up care to discharged 
patients allowing doctors to focus on more pressing cases.

AI has not only benefitted other industries, it has helped physi-
cians to rationalize tasks, improve the efficiency of operations, and 
simplify complex procedures. Major Companies such as Microsoft 
invested $40 million over five years of funding in 2020 for innova-
tions in healthcare industries. Undoubtedly, AI has begun changing 
the healthcare industry with AI expansion taking place throughout 
the healthcare sector, and, as such, questions about the supremacy 
and restrictions of this technology have become ever more relevant.

Results of these findings
AI is having a major effect on every aspect of primary and ad-
vanced health care. AI-enabled computer applications help car-
egivers in primary health care to better diagnose patients and pro-
vide precision protocols for each individual. AI applications also 
facilitate the storage and analysis of patient information on EHR 
systems presenting it to the physician along with a sound under-
standing of patient’s medical needs in less time. This is saving 
physicians a great deal of time previously spent on deskwork and 
EHR systems giving them more time for physical presence with 
their patients. AI has not only reduced the amount of physicians’ 
deskwork and freed up their time for primary healthcare but also 
increased ingenuity, accuracy, and efficacy. AI is also being used 
to find and develop new drugs and investigate the repurposing of 
existing drugs for use against specific diseases, as clinical trials 
are costly and time-consuming. AI is facilitating “precision medi-
cine” as it can screen existing medications and suggest treatment 
targeted at individual patients. AI can outperform dermatologists 

in classifying skin diseases accurately AI systems can learn from 
successive cases and can handle multiple cases efficiently in less 
time compared to human learning processes.19 However, in some 
cases, AI-based decision-making approaches are not in agreement 
with the expert’s opinion, such as identifying pulmonary tubercu-
losis on chest radiographs.20 The increased usage of AI technol-
ogy has also reduced the number of job opportunities, which is a 
major concern for the health industry. In addition, although human 
behavior can be translated by analytical and logical algorithms, it 
is difficult for machines to translate human attributes such as the 
ability to conceptualize, interactive and communication skills, sen-
sitive intelligence, and creativity. Moreover, AI predictions are not 
always accurate. In a study, 640,000 digital mammograms were 
reviewed in the Digital Mammography DREAM challenge with 
the help of several high-end processing computers.21 The observed 
results were approximately equal to those of the bottom 10% of 
radiologists with a specificity of 0.81, sensitivity of 0.80, and area 
under the receiver operator curve  (ROC) of 0.87. It is evident, 
however, that AI will play a major role in the healthcare industry 
in the future and thus it is essential to train medical staff regarding 
its concepts and applicability. AI functions efficiently in a technol-
ogy-based workspace to cultivate soft skills such as empathy in 
machines. Primary care physicians must become well-versed with 
the advanced technology of future AI to ensure their progress in 
the medicinal world.

Rather than focusing on complete replacements for human in-
tervention, a mutually beneficial balance between the effective use 
of AI, human power, and the decision-making of trained primary 
care physicians should be struck. Replacing humans with AI in 
the field of medicine brings major ethical concerns with limita-
tions, and thus it is better to extract the maximum benefits that can 
be derived from this advanced technology. It has been observed 
that AI can positively impact the practice of medicine, with high-
speed processing of information for research or helping clinicians 
to make better decisions.

Current applications of artificial intelligence in medicine
The first AI application in medicine concerned the early detection 
of atrial fibrillation. AliveCor’s atrial fibrillation and smartphone-
based ECG monitoring were approved by the FDA in 2014 with 
their KardiaMobile device having potential applications for am-
bulatory patients.22 The FDA approved another Apple smartphone 
application for ECG monitoring and atrial fibrillation detection.23 
These devices have their limitations, however, as they may pro-
duce false positive results due to the movement of artifacts, and 
for elderly patients suffering from atrial fibrillation, they bring the 
inconvenience of adopting wearable devices. Although the results 
were not, generally, accurate, AI has been used to predict the risk of 
cardiovascular diseases such as acute coronary syndrome and heart 
attack and alert patients accordingly.24,25 AI tools can also inter-
pret pulmonary function results and make predictive decisions.26 
For patients with diabetes, AI support devices enable continuous 
monitoring of glucose and provide information on the direction 
and rate of change of blood glucose levels.27 The FDA-approved 
Medtronic, for example, has smartphone apps to monitor the glu-
cose level in patients.27 These smartphone devices help diabetes 
patients optimize their blood glucose control reducing the stigma 
associated with hypoglycemic episodes. However, sometimes the 
notification also increases anxiety levels when patients are unable 
to regulate their glucose levels.28 Albeit with limited applications, 
AI tools are seen in nephrology where they can predict the decline 
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of glomerular filtration rates in patients with polycystic kidney dis-
ease,29 and provide risk alerts for progressive IgA nephropathy.30 
AI tools also have wide-ranging applications in the clinical setting 
of gastroenterology where the use of convolutional neural networks 
and other deep learning models can process endoscopy and ultra-
sound images to locate abnormalities.31 AI tools can diagnose dis-
eases and predict the outcomes, which helps physicians accelerate 
the treatment process for diseases such as gastroesophageal reflux 
disease,32 atrophic gastritis,33 gastrointestinal hemorrhage,34 esoph-
ageal cancer,35 Ulcerative colitis,36 metastasis in colorectal cancer37 
and epidermoid carcinoma.38 In 2018, the FDA approved “Embrace” 
a wearable device that can detect generalized epilepsy seizures and 
alert physicians and caregivers with the necessary information and 
patients’ locations.39 Wearable sensors are also used to assess gait, 
posture, and tremors in patients with multiple sclerosis, Parkinson’s 
disease, Parkinsonism, and Huntington’s disease.40 One FDA-ap-
proved AI-based algorithm can diagnose cancer in computational 
histopathology with great accuracy. Another AI area of application 
is the field of imaging-based diagnosis,41 which normally requires 
rigorous clinical trials,42 or can only be used strictly under medical 
supervision. AI systems exploit multiple data sources and input mo-
dalities to quickly deliver more accurate results. A unified Holistic 
AI in Medicine (HAIM) framework was used to generate and test 
AI multimodal inputs. Results predicted that the HAIM framework 
offers a favorable pathway for future multimodal systems in clinical 
and operational settings (Fig. 2).43,44

In recent years, computational pathology has also shown prom-
ising results for better solutions to whole-slide images, multiomics 
data, and clinical informatics. It has specified three major domains 
for connecting patients and doctors-local labs, scan centers, and 
web access for data processing and retrieval AI has now unlocked 
the information by using advanced digital communication net-
works to improve clinical workflow efficiency,44 diagnostics, and 
the ability to produce personalized treatment plans for patients. 
Computational pathology has reduced errors in classification, 
prognosis, and diagnosis and further suggests better treatment 
methods. It is also able to analyze demographic information, digi-
tal pathology images, -omics, and laboratory results accurately.45 
AI tools contribute to almost all aspects of the clinical workflow, 
from diagnosis to prognosis and precision treatment. Clinical data 
from various sources are included in mathematic models to gener-
ate diagnostic inferences and predictions enabling physicians to 
make quick and optimal treatment decisions.46,47 Deep neural net-
works (HER2, ER, and Ki67) are used for automated biomarker 
assessment of breast tumor images.48 There are not many other 
tools that act as novel convolutional neural network-based mam-
mography–histology–phenotype–linking–model and are used to 
connect and map the features and phenotypes between mammo-
graphic abnormalities and their histopathological representation. 
With EHR systems, mathematical algorithms are used to access 
a particular disease with various factors.49,50 Such integrated data 
has given doctors deeper insights into treatment at different stages 
of the disease and/or for different types of patients. Data-driven 
smartphone apps, her, and laboratory information systems are used 
to integrate data,51,52 algorithms, and analytics to deliver high-
quality and efficient care. Computation-driven decision-making 
processes based on AI and machine learning have opened the door 
for decision-making processes for all, not only specialists. How-
ever, decision-making in medicine that now includes experts from 
other fields raises ethical and security concerns.53

Computational pathology requires access to health databases to 
create training data sets that are more comprehensive but the strict 

protection of patient privacy and personal data policies creates a 
barrier in that respect.54 Complex real-time and in-depth datasets 
in multiomics are used to extract important information such as 
novel and useful biomarkers, which are essential for the early de-
tection of disease and treatment. The highly advanced statistic/
computational models have revolutionized a large amount of clini-
cal and health-related data. The growing data-rich pathomics has 
led to the rapid development of AI-assisted computational pathol-
ogy. AI assistance improves the sensitivity and accuracy of the di-
agnoses as well as the turn-around time. Despite the challenges,55 
75% of pathologists across 59 countries believe that computational 
pathology will be a great asset in changing and improving the cur-
rent healthcare system.

Advantages of AI applications in medicine
AI can positively impact the practice of medicine in various man-
ners, whether through speeding up the pace of research or helping 
clinicians make better decisions. A few examples of AI applica-
tions are given in the following subsections.

AI in disease detection and diagnosis
ML models are used to observe risk factors in patients by examin-
ing the vital signs of patients receiving critical care. AI models can 
alert clinicians in cases of emergency by assessing the input data. 
Even complex conditions such as sepsis can be detected by a pre-
dictive AI model for premature babies, which is 75% more accu-
rate in detecting severe sepsis. For example, Innocens BV by IBM 
uses AI models to predict sepsis in endangered newborns (https://
www.ibm.com/blog/innocens-bv-uses-ai-to-protect-vulnerable-
newborns/).

AI in medical imaging
The artificial neural network has proven to be as effective as many 
radiologists in detecting symptoms of diseases accurately. A great-
er number of medical images can be stored with the help of compu-
tational resources allowing clinicians to more easily keep track of 
a patient’s history. Such vital pieces of information are also highly 
useful for the treatment process.

Accelerated drug development
Since the development process of new drugs is complicated, expen-
sive, time-consuming, and challenging, computer-aided drug dis-
covery technology is being used in the discovery and development 
of novel drugs to study their physiochemical and biological proper-
ties. Such data-driven approaches have helped in the identification 
of repurposed drugs for treating disease as they include low-risk 
compounds, with a potentially lower cost and shorter timelines. AI 
helps in creating better drug design and new combination therapies 
based on the patient history and many major challenges for big data 
in the drug industry can be overcome with the help of AI.

Error reduction
AI can improve the safety of patients and AI safety tools can en-
sure accurate decision-making with improved error detection and 
drug management. AI-powered tools have made life easy for phy-
sicians and healthcare workers.

Provide real-time data
AI tools provide accurate information for diagnosis and other med-
ical areas promptly. With AI, medical professionals can be sup-
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ported with swift and accurate data to accelerate and improve criti-
cal clinical decision-making. Authentic results lead to improved 
protective steps, cost-effectiveness, and reduced patient wait times 
leading to improved physician-patient relationships. As the data 
is available to patients on their mobile phone apps, they can also 
monitor their own condition. Various AI apps help patients with 

diet planning, exercise, anxiety reduction, and connecting to pa-
tients with similar types of diseases all over the world. Mobile 
alerts can inform medical staff of urgent situations and emergen-
cies. Advanced AI technologies can access and accumulate much 
larger amounts of data than traditional methods of collecting and 
storing medical records.56

Fig. 2. The schematic framework for holistic artificial intelligence in medicine (HAIM).44 Databases and tables resources are taken from healthcare institu-
tions as HAIM-MIMIC-MM combined from MIMIC-IV and MIMIC-CXR-JPG. (Cites from Soenksen, LR. et al. npj Digital Medicine, 2022;5:149). CNN, Convo-
lutional Neural Network; CT, Computerized Tomography; ECG, Electrocardiogram; ECO, Echocardiogram; MRI, Magnetic Resonance Imaging; NN, Neural 
Network; O2, Oxygen; ReLU, Rectified Linear Unit; RNN, Recurrent Neural Network; US, Ultrasound.
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Streamlined tasks
Healthcare practices are changing everywhere. AI innovative tools 
are helping with collecting healthcare records, appointment sched-
uling, translating clinical details, and tracking patient histories. AI 
tools have streamlined the tedious and meticulous tasks associated 
with medicine. As it is easier to identify significant visual markers 
with the help of intelligent radiology technology, hours of intense 
analysis are saved. AI tools can automate appointment schedul-
ing, caring and tracking of patient recommendations in an efficient 
manner.46 AI tools can manage insurance reviews and help hos-
pitals address incorrect claims before insurance companies refuse 
payment leading to minimized costs. The rigorous and time-con-
suming process of handling insurance claims has reduced consid-
erably benefiting both insurance workers and hospital Staff. AI has 
enabled faster payments and greater claims accuracy helping both 
potential and existing patients.

Save time and resources
Automated AI tools have provided medical professionals with 
more time to see more patients for diagnosis and treatment. AI 
has increased productivity considerably helping hospitals to 
make considerable cost-savings. The medical necessity determi-
nation has also improved. Natural Language Processing and DL 
algorithms can assist physicians in reviewing hospital cases and 
avoiding denials more efficiently. They have further increased the 
time for medical professionals to utilize them in vital productivity 
hours and resources. They can reduce medication errors, custom-
ize health insurance, prevent fraud, and support the administrative 
and clinical workflows efficiently.

Research assistance
AI allows researchers to access large pools of data from various 
sources worldwide. Real-time data with wide sources of informa-
tion can be used by clinicians all over the world. Medical research 
labs are developing useful and individualized software packages 
for navigating and extracting useful information from this large 
collection of data. Software companies and start-ups are provid-
ing AI tools to help track the progress of patients, recover crucial 
diagnosis data, and contribute to this information through shared 
networks.46 Social media apps are used to share data worldwide 
and connect to other similar healthcare agencies for learning and 
sharing information.57

Reduced the physician stress
Latest reports indicate that due to excess workloads, physicians 
feel stressed because of their deadlines and other workplace condi-
tions. However, physicians’ long working hours and stress have 
been reduced with AI solutions that align courses of action, auto-
mate functions, share data instantly, and organize performances. 
They have reduced the workload and pressure and helped medical 
staff to easily manage multitasking.

Precision treatment
Personalized care has now become easier with AI support. AI 
models can learn and remember preferences and provide custom-
ized real-time recommendations to patients in a personalized way. 
AI tools can find the solutions for many challenges and treatment 
responses for many diseases. With AI-assisted tools, precision 
medicine can be provided for the treatment of diseases. As ma-
chine learning, statistical learning, and soft-computing approaches 
have become the new standard in the bio world, there is a great 

need to use this technology for the treatment of diseases. These 
AI approaches are moving closer day by day toward diagnosis, 
prognosis, and treatment, opening the window to precision medi-
cine. Since AI is a major player in the transformation of healthcare 
to precision medicine, the innovative approaches of AI will help 
patients in a great way in the near future. Rather than relying on 
information taken from each patient’s case, AI-powered virtual as-
sistants can offer clinicians a vast amount of information around 
the clock based on the patient’s medical history, and personal re-
quirements.

Clinical trial efficiency and informed patient care
With AI tools, the appropriate datasets have been updated and 
medical code searches have been speeded up considerably. Clini-
cal workflows with medical AI can make appropriate care deci-
sions using this valuable information. Clinicians’ research time is 
reduced with proof-based observations about treatments and pro-
cedures even when the patients are present. The transparent data 
can also be easily shared with the patients.

Provide circumstantial relevance and increase doctor-patient 
engagement
DL and Natural Language Processing tools filter relevant informa-
tion according to patients’ needs, reducing the time and effort med-
ical professionals must spend on searching for it. Chatbots provide 
24/7 support, replying to patients’ queries and guiding them even 
when caregivers are not available. However, although AI tools 
have provided a wealth of opportunities, there is growing ethical 
concern in the medical community as to how much trust should be 
placed in AI and how much freedom it should be given to work 
without human intervention. Many major issues with medical AI 
remain unanswered by the scientific community and a lack of well-
defined guidelines for its usage exists.58,59

Limits of AI in medicine

The requirement for human surveillance
Despite their efficacy, AI applications still require considerable 
human surveillance. Robotic surgery requires the intervention of 
health practitioners who can bring vital behavioral observations to 
help diagnose or prevent medical complications. Although AI ap-
plications in the healthcare industry are already a few decades old, 
the field is continuing to mature. Even now, it will take years of 
education to fully train medical professionals in this field. Subject 
Matter Experts’ advice related to the relevant data and improved 
explainable AI will provide healthcare staff with trusted and valu-
able decisions.60

Overlooking of social variables
AI assistance in the medical field has improved patients’ physi-
cal conditions while some related apps contribute to healthcare in 
other ways. For example, socio-economic and historical factors 
are taken into account when making appropriate recommendations 
for particular patients. These applications make recommendations 
based on previous data, without taking into account patients’ eco-
nomic resources or other personalized preferences. Incorporating 
an AI system also brings privacy issues: influential brands can 
freely control the collection and utilization of data. Hospitals face 
setbacks when seeking channel data from mobile devices. These 
regulatory and social norms prohibit the ability of AI tools to fa-
cilitate medical practices.61
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Leads to unemployment
As AI has reduced clinicians’ work time, costs, and pressure, it 
is anticipated that it could lead to unemployment. This would re-
sult in displaced trained staff who have already invested learning, 
resources, and time in healthcare education, presenting impartial 
challenges. The World Economic Forum 2018 report has projected 
a net sum of 58 million jobs, but the same study found that 75 
million jobs will be replaced or pulled down by AI by the same 
year (https://www.weforum.org/press). As AI is associated with 
many different sectors; many jobs have been eliminated due to 
repetitive tasks. Though AI promises to improve various sectors 
of healthcare and medicine, it is essential to consider the social 
consequences of introducing this technology.

Possible imprecisions
AI medical data is heavily dependent on millions of existing cata-
loged diagnosis cases. In the case of scant information existing 
about a particular illness, its statistics, or environmental factors, an 
accurate diagnosis may not be possible and these factors also tend 
to influence the prescription of a particular medicine. Moreover, 
for prescriptions, information regarding determined populations 
and reactions to treatments may not be present. This will lead to 
issues with the treatment of patients belonging to certain popula-
tions. Although AI is constantly progressing and finding ways to 
fill this data gap, it is important to mention that particular popula-
tions may be excluded from existing areas of knowledge.

Sensitivity to security risks
Dependent on large data networks, AI systems are particularly 
susceptible to security risks. Decision makers in security systems 
have expressed certainty that offensive AI has now become a threat 
to some industries. Cyber-attacks now include these smarter and 
more accurate AI data systems and with each achievement and 
defeat, they become more difficult to predict and prevent. With 
smarter AI systems, such attacks will become more challenging for 
many industries in the future.

Future directions
As advanced AI models quickly evolve, potential new models 
are being designed to encompass multi-modal medical informa-
tion and assist doctors with complicated medical decision-making. 
Recently, a study conducted to evaluate the performance of Gen-
erative Pretrained Transformer 3.5 (ChatGPT-3.5) in brain glioma 
adjuvant therapy decision-making aimed to assess the effective-
ness of AI by comparing ChatGPT-3.5’s recommendation with 
expert recommendations in aiding complex brain tumor decision-
making.62 Right now the performance of ChatGPT-3.5 is not able 
to replace the opinions of medical experts, but as the performance 
showed variations related to the diagnosis accuracy, therapy plan, 
therapy dosage, consideration of functional status, and overall per-
formance, it can still serve as a useful supplementary tool. Since 
AI language models are continuously improving, it is possible that 
in the future, advanced algorithms will also assist in improving the 
patient’s experience of care, enhance caregiver experience, and re-
duce the rising cost of care among many others.63 As AI results di-
rectly correlate to human ethical judgment, it can be used as a sup-
port system in the major domain. However, whether humans can 
work with AI in a socially acceptable and humanitarian manner in 
clinical informatics and remain ethical poses a major challenge, 
which has still not been confronted at the scientific level.64–67

Conclusion
The potential of AI can be used to improve healthcare systems. Au-
tomation of tedious tasks with AI tools can lessen the burden of cli-
nicians allowing for enhanced doctor-patient interactions. Improv-
ing data accessibility will help medical professionals to take the 
right steps to prevent illness. Through real-time AI data, improved 
diagnoses can be easily and rapidly performed, and administrative 
errors reduced. The technology has become more applicable and 
well-informed with the involvement of small and medium-sized 
enterprises. AI tools are being progressively applied in the health-
care industry, and the challenges and limitations continue to be 
encountered and overcome. Still, some human surveillance is re-
quired for the increasingly calculated cyber-attacks. Despite some 
limitations and challenges with AI, it will provide extraordinary 
benefits to the healthcare industry in the future.

Acknowledgments
RS is thankful to her mentor Dr. Shrish Tiwari, Bioinformatics, 
CSIR-Centre for Cellular and Molecular Biology, and Dr. G. Nara-
hari Sastry, Director, CSIR-NEIST for the technical support.

Funding
This study was funded by DST WOSA project (SR/WOS-A/CS-
69/2018). 

Conflict of interest
There is no conflict of interests for this manuscript.

Author contributions
RS is the sole author of the article

References
[1]	 Gilbert FJ, Astley SM, Gillan MG, Agbaje OF, Wallis MG, James J, et 

al. Single reading with computer-aided detection for screening mam-
mography. N Engl J Med 2008;359(16):1675–1684. doi:10.1056/NEJ-
Moa0803545, PMID:18832239.

[2]	 Rajkomar A, Oren E, Chen K, Dai AM, Hajaj N, Hardt M, et al. Scalable 
and accurate deep learning with electronic health records. NPJ Digit 
Med 2018;1:18. doi:10.1038/s41746-018-0029-1, PMID:31304302.

[3]	 Tsigelny IF. Artificial intelligence in drug combination therapy. 
Brief Bioinform 2019;20(4):1434–1448. doi:10.1093/bib/bby004, 
PMID:29438494.

[4]	 Habehh H, Gohel S. Machine Learning in Healthcare. Curr Genom-
ics 2021;22(4):291–300. doi:10.2174/13892029226662107051243
59, PMID:35273459.

[5]	 De Fauw J, Ledsam JR, Romera-Paredes B, Nikolov S, Tomasev N, 
Blackwell S, et al. Clinically applicable deep learning for diagno-
sis and referral in retinal disease. Nat Med 2018;24(9):1342–1350. 
doi:10.1038/s41591-018-0107-6, PMID:30104768.

[6]	 Amisha, Malik P, Pathania M, Rathaur VK. Overview of artificial intel-
ligence in medicine. J Family Med Prim Care 2019;8(7):2328–2331. 
doi:10.4103/jfmpc.jfmpc_440_19, PMID:31463251.

[7]	 Bohr A, Memarzadeh K. The rise of artificial intelligence in healthcare 
applications. Artificial Intelligence in Healthcare. Academic Press; 
2020:25–60. doi:10.1016/B978-0-12-818438-7.00002-2.

[8]	 Shimazaki A, Ueda D, Choppin A, Yamamoto A, Honjo T, Shima-
hara Y, et al. Deep learning-based algorithm for lung cancer detec-
tion on chest radiographs using the segmentation method. Sci Rep 
2022;12(1):727. doi:10.1038/s41598-021-04667-w, PMID:35031654.

https://doi.org/10.14218/ERHM.2023.00048
https://www.weforum.org/press
https://doi.org/10.1056/NEJMoa0803545
https://doi.org/10.1056/NEJMoa0803545
http://www.ncbi.nlm.nih.gov/pubmed/18832239
https://doi.org/10.1038/s41746-018-0029-1
http://www.ncbi.nlm.nih.gov/pubmed/31304302
https://doi.org/10.1093/bib/bby004
http://www.ncbi.nlm.nih.gov/pubmed/29438494
https://doi.org/10.2174/1389202922666210705124359
https://doi.org/10.2174/1389202922666210705124359
http://www.ncbi.nlm.nih.gov/pubmed/35273459
https://doi.org/10.1038/s41591-018-0107-6
http://www.ncbi.nlm.nih.gov/pubmed/30104768
https://doi.org/10.4103/jfmpc.jfmpc_440_19
http://www.ncbi.nlm.nih.gov/pubmed/31463251
https://doi.org/10.1016/B978-0-12-818438-7.00002-2
https://doi.org/10.1038/s41598-021-04667-w
http://www.ncbi.nlm.nih.gov/pubmed/35031654


DOI: 10.14218/ERHM.2023.00048  |  Volume 9 Issue 2, June 2024 145

Srivastava R.: Applications of artificial intelligence in medicine Explor Res Hypothesis Med

[9]	 Jang S, Song H, Shin YJ, Kim J, Kim J, Lee KW, et al. Deep Learning-
based Automatic Detection Algorithm for Reducing Overlooked Lung 
Cancers on Chest Radiographs. Radiology 2020;296(3):652–661. 
doi:10.1148/radiol.2020200165, PMID:32692300.

[10]	 Liu Y, Kohlberger T, Norouzi M, Dahl GE, Smith JL, Mohtashamian A, 
et al. Artificial Intelligence-Based Breast Cancer Nodal Metastasis 
Detection: Insights Into the Black Box for Pathologists. Arch Pathol 
Lab Med 2019;143(7):859–868. doi:10.5858/arpa.2018-0147-OA, 
PMID:30295070.

[11]	 Moor M, Banerjee O, Abad ZSH, Krumholz HM, Leskovec J, Topol EJ, 
et al. Foundation models for generalist medical artificial intelligence. 
Nature 2023;616(7956):259–265. doi:10.1038/s41586-023-05881-4, 
PMID:37045921.

[12]	 London S. DXplain: a Web-based diagnostic decision support system 
for medical students. Med Ref Serv Q 1998;17(2):17–28. doi:10.1300/
J115v17n02_02, PMID:10557826.

[13]	 Kahn MG, Steib SA, Fraser VJ, Dunagan WC. An expert system for cul-
ture-based infection control surveillance. Proc Annu Symp Comput 
Appl Med Care 1993:171–175. PMID:8130456.

[14]	 McCall HC, Richardson CG, Helgadottir FD, Chen FS. Evaluating a 
Web-Based Social Anxiety Intervention Among University Students: 
Randomized Controlled Trial. J Med Internet Res 2018;20(3):e91. 
doi:10.2196/jmir.8630, PMID:29563078.

[15]	 Labovitz DL, Shafner L, Reyes Gil M, Virmani D, Hanina A. Using 
Artificial Intelligence to Reduce the Risk of Nonadherence in Pa-
tients on Anticoagulation Therapy. Stroke 2017;48(5):1416–1419. 
doi:10.1161/STROKEAHA.116.016281, PMID:28386037.

[16]	 Patterson MR, Delahunt E, Sweeney KT, Caulfield B. An ambulatory 
method of identifying anterior cruciate ligament reconstructed 
gait patterns. Sensors (Basel) 2014;14(1):887–99. doi:10.3390/
s140100887, PMID:24451464.

[17]	 Bianconi GM, Mehra R, Yeung S, Salipur F, Jopling J, Downing L, et 

	
based smart hospitals: A system for tracking and monitoring hand hy-
giene compliance. Proceedings of 2017 Machine Learning for Health-
care; 2017 Aug 18-19. Northeastern University, USA. doi:10.48550/
arXiv.1708.00163.

[19]	 Sinsky C, Colligan L, Li L, Prgomet M, Reynolds S, Goeders L, et al

al. Vision based prediction of ICU mobility care activities using 
recurrent neural networks. Proceedings of 2017 NIPS workshop on 
Machine Learning for Health; 2017 Dec 8; Long Beach, USA. Laus-
anne: Infoscience; 2017.

[18] Haque A, Guo M, Alahi A, Yeung S, Luo Z, Rege A, et al. Towards vision 

. 
Allocation of Physician Time in Ambulatory Practice: A Time and Mo-
tion Study in 4 Specialties. Ann Intern Med 2016;165(11):753–760. 
doi:10.7326/M16-0961, PMID:27595430.

[20]	 Lakhani P, Sundaram B. Deep Learning at Chest Radiography: Au-
tomated Classification of Pulmonary Tuberculosis by Using Con-
volutional Neural Networks. Radiology 2017;284(2):574–582. 
doi:10.1148/radiol.2017162326, PMID:28436741.

[21]	 Schaffter T, Buist DSM, Lee CI, Nikulin Y, Ribli D, Guan Y, et al. Evaluation 
of Combined Artificial Intelligence and Radiologist Assessment to Inter-
pret Screening Mammograms. JAMA Netw Open 2020;3(3):e200265. 
doi:10.1001/jamanetworkopen.2020.0265, PMID:32119094.

[22]	 Halcox JPJ, Wareham K, Cardew A, Gilmore M, Barry JP, Phillips C, et 
al. Assessment of Remote Heart Rhythm Sampling Using the Alive-
Cor Heart Monitor to Screen for Atrial Fibrillation: The REHEARSE-AF 
Study. Circulation 2017;136(19):1784–1794. doi:10.1161/CIRCULA-
TIONAHA.117.030583, PMID:28851729.

[23]	 Turakhia MP, Desai M, Hedlin H, Rajmane A, Talati N, Ferris T, et 
al. Rationale and design of a large-scale, app-based study to iden-
tify cardiac arrhythmias using a smartwatch: The Apple Heart 
Study. Am Heart J 2019;207:66–75. doi:10.1016/j.ahj.2018.09.002, 
PMID:30392584.

[24]	 Huang Z, Chan TM, Dong W. MACE prediction of acute coronary syn-
drome via boosted resampling classification using electronic medical 
records. J Biomed Inform 2017;66:161–170. doi:10.1016/j.jbi.2017, 
PMID:28065840.

[25]	 Mortazavi BJ, Downing NS, Bucholz EM, Dharmarajan K, Manhapra A, 
Li SX, et al. Analysis of Machine Learning Techniques for Heart Failure 
Readmissions. Circ Cardiovasc Qual Outcomes 2016;9(6):629–640. 
doi:10.1161/CIRCOUTCOMES.116.003039, PMID:28263938.

[26]	 Topalovic M, Das N, Burgel PR, Daenen M, Derom E, Haenebalcke C, et 
al. Artificial intelligence outperforms pulmonologists in the interpre-
tation of pulmonary function tests. Eur Respir J 2019;53(4):1801660. 
doi:10.1183/13993003.01660-2018, PMID:30765505.

[27]	 Lawton J, Blackburn M, Allen J, Campbell F, Elleri D, Leelarathna L, et 
al. Patients’ and caregivers’ experiences of using continuous glucose 
monitoring to support diabetes self-management: qualitative study. 
BMC Endocr Disord 2018;18(1):12. doi:10.1186/s12902-018-0239-1, 
PMID:29458348.

[28]	 Christiansen MP, Garg SK, Brazg R, Bode BW, Bailey TS, Slover RH, 
et al. Accuracy of a Fourth-Generation Subcutaneous Continu-
ous Glucose Sensor. Diabetes Technol Ther 2017;19(8):446–456. 
doi:10.1089/dia.2017.0087, PMID:28700272.

[29]	 Niel O, Boussard C, Bastard P. Artificial Intelligence Can Predict GFR 
Decline During the Course of ADPKD. Am J Kidney Dis 2018;71(6):911–
912. doi:10.1053/j.ajkd.2018.01.051, PMID:29609979.

[30]	 Geddes CC, Fox JG, Allison ME, Boulton-Jones JM, Simpson K. An 
artificial neural network can select patients at high risk of devel-
oping progressive IgA nephropathy more accurately than experi-
enced nephrologists. Nephrol Dial Transplant 1998;13(1):67–71. 
doi:10.1093/ndt/13.1.67, PMID:9481717.

[31]	 Fernández-Esparrach G, Bernal J, López-Cerón M, Córdova H, 
Sánchez-Montes C, Rodríguez de Miguel C, et al. Exploring the clini-
cal potential of an automatic colonic polyp detection method based 
on the creation of energy maps. Endoscopy 2016;48(9):837–842. doi
:10.1055/s-0042-108434, PMID:27285900.

[32]	 Pace F, Buscema M, Dominici P, Intraligi M, Baldi F, Cestari R, et al. 
Artificial neural networks are able to recognize gastro-oesophageal 
reflux disease patients solely on the basis of clinical data. Eur J Gas-
troenterol Hepatol 2005;17(6):605–610. doi:10.1097/00042737-
200506000-00003, PMID:15879721.

[33]	 Lahner E, Grossi E, Intraligi M, Buscema M, Corleto VD, Delle Fave 
G, et al. Possible contribution of artificial neural networks and lin-
ear discriminant analysis in recognition of patients with suspected 
atrophic body gastritis. World J Gastroenterol 2005;11(37):5867–
5873. doi:10.3748/wjg.v11.i37.5867, PMID:16270400.

[34]	 Das A, Ben-Menachem T, Cooper GS, Chak A, Sivak MV Jr, Gonet JA, 
et al. Prediction of outcome in acute lower-gastrointestinal haem-
orrhage based on an artificial neural network: internal and external 
validation of a predictive model. Lancet 2003;362(9392):1261–1266. 
doi:10.1016/S0140-6736(03)14568-0, PMID:14575969.

[35]	 Sato F, Shimada Y, Selaru FM, Shibata D, Maeda M, Watanabe G, 
et al. Prediction of survival in patients with esophageal carcinoma 
using artificial neural networks. Cancer 2005;103(8):1596–1605. 
doi:10.1002/cncr.20938, PMID:15751017.

[36]	 Peng JC, Ran ZH, Shen J. Seasonal variation in onset and relapse of 
IBD and a model to predict the frequency of onset, relapse, and 
severity of IBD based on artificial neural network. Int J Colorec-
tal Dis 2015;30(9):1267–1273. doi:10.1007/s00384-015-2250-6, 
PMID:25976931.

[37]	 Ichimasa K, Kudo SE, Mori Y, Misawa M, Matsudaira S, Kouyama Y, 
et al. Artificial intelligence may help in predicting the need for ad-
ditional surgery after endoscopic resection of T1 colorectal can-
cer. Endoscopy 2018;50(3):230–240. doi:10.1055/s-0043-122385, 
PMID:29272905.

[38]	 Yang HX, Feng W, Wei JC, Zeng TS, Li ZD, Zhang LJ, et al. Support vector 
machine-based nomogram predicts postoperative distant metastasis 
for patients with oesophageal squamous cell carcinoma. Br J Cancer 
2013;109(5):1109–1116. doi:10.1038/bjc.2013.379, PMID:23942069.

[39]	 Regalia G, Onorati F, Lai M, Caborni C, Picard RW. Multimodal 
wrist-worn devices for seizure detection and advancing research: 
Focus on the Empatica wristbands. Epilepsy Res 2019;153:79–82. 
doi:10.1016/j.eplepsyres.2019.02.007, PMID:30846346.

[40]	 Dorsey ER, Glidden AM, Holloway MR, Birbeck GL, Schwamm LH. Tel-
eneurology and mobile technologies: the future of neurological care. 
Nat Rev Neurol 2018;14(5):285–297. doi:10.1038/nrneurol.2018.31, 
PMID:29623949.

[41]	 Liu X, Faes L, Kale AU, Wagner SK, Fu DJ, Bruynseels A, et al. A com-
parison of deep learning performance against health-care profes-
sionals in detecting diseases from medical imaging: a systematic 
review and meta-analysis. Lancet Digit Health 2019;1(6):e271–e297. 

https://doi.org/10.14218/ERHM.2023.00048
https://doi.org/10.1148/radiol.2020200165
http://www.ncbi.nlm.nih.gov/pubmed/32692300
https://doi.org/10.5858/arpa.2018-0147-OA
http://www.ncbi.nlm.nih.gov/pubmed/30295070
https://doi.org/10.1038/s41586-023-05881-4
http://www.ncbi.nlm.nih.gov/pubmed/37045921
https://doi.org/10.1300/J115v17n02_02
https://doi.org/10.1300/J115v17n02_02
http://www.ncbi.nlm.nih.gov/pubmed/10557826
http://www.ncbi.nlm.nih.gov/pubmed/8130456
https://doi.org/10.2196/jmir.8630
http://www.ncbi.nlm.nih.gov/pubmed/29563078
https://doi.org/10.1161/STROKEAHA.116.016281
http://www.ncbi.nlm.nih.gov/pubmed/28386037
https://doi.org/10.3390/s140100887
https://doi.org/10.3390/s140100887
http://www.ncbi.nlm.nih.gov/pubmed/24451464
https://doi.org/10.48550/arXiv.1708.00163
https://doi.org/10.48550/arXiv.1708.00163
https://doi.org/10.7326/M16-0961
http://www.ncbi.nlm.nih.gov/pubmed/27595430
https://doi.org/10.1148/radiol.2017162326
http://www.ncbi.nlm.nih.gov/pubmed/28436741
https://doi.org/10.1001/jamanetworkopen.2020.0265
http://www.ncbi.nlm.nih.gov/pubmed/32119094
https://doi.org/10.1161/CIRCULATIONAHA.117.030583
https://doi.org/10.1161/CIRCULATIONAHA.117.030583
http://www.ncbi.nlm.nih.gov/pubmed/28851729
https://doi.org/10.1016/j.ahj.2018.09.002
http://www.ncbi.nlm.nih.gov/pubmed/30392584
https://doi.org/10.1016/j.jbi.2017
http://www.ncbi.nlm.nih.gov/pubmed/28065840
https://doi.org/10.1161/CIRCOUTCOMES.116.003039
http://www.ncbi.nlm.nih.gov/pubmed/28263938
https://doi.org/10.1183/13993003.01660-2018
http://www.ncbi.nlm.nih.gov/pubmed/30765505
https://doi.org/10.1186/s12902-018-0239-1
http://www.ncbi.nlm.nih.gov/pubmed/29458348
https://doi.org/10.1089/dia.2017.0087
http://www.ncbi.nlm.nih.gov/pubmed/28700272
https://doi.org/10.1053/j.ajkd.2018.01.051
http://www.ncbi.nlm.nih.gov/pubmed/29609979
https://doi.org/10.1093/ndt/13.1.67
http://www.ncbi.nlm.nih.gov/pubmed/9481717
https://doi.org/10.1055/s-0042-108434
http://www.ncbi.nlm.nih.gov/pubmed/27285900
https://doi.org/10.1097/00042737-200506000-00003
https://doi.org/10.1097/00042737-200506000-00003
http://www.ncbi.nlm.nih.gov/pubmed/15879721
https://doi.org/10.3748/wjg.v11.i37.5867
http://www.ncbi.nlm.nih.gov/pubmed/16270400
https://doi.org/10.1016/S0140-6736(03)14568-0
http://www.ncbi.nlm.nih.gov/pubmed/14575969
https://doi.org/10.1002/cncr.20938
http://www.ncbi.nlm.nih.gov/pubmed/15751017
https://doi.org/10.1007/s00384-015-2250-6
http://www.ncbi.nlm.nih.gov/pubmed/25976931
https://doi.org/10.1055/s-0043-122385
http://www.ncbi.nlm.nih.gov/pubmed/29272905
https://doi.org/10.1038/bjc.2013.379
http://www.ncbi.nlm.nih.gov/pubmed/23942069
https://doi.org/10.1016/j.eplepsyres.2019.02.007
http://www.ncbi.nlm.nih.gov/pubmed/30846346
https://doi.org/10.1038/nrneurol.2018.31
http://www.ncbi.nlm.nih.gov/pubmed/29623949


DOI: 10.14218/ERHM.2023.00048  |  Volume 9 Issue 2, June 2024146

Srivastava R.: Applications of artificial intelligence in medicineExplor Res Hypothesis Med

doi:10.1016/S2589-7500(19)30123-2, PMID:33323251.
[42]	 Topol EJ. A decade of digital medicine innovation. Sci Transl Med 

2019;11(498):eaaw7610. doi:10.1126/scitranslmed.aaw7610, PMID: 
31243153.

[43]	 Soenksen LR, Ma Y, Zeng C, Boussioux L, Villalobos Carballo K, Na 
L, et al. Integrated multimodal artificial intelligence framework for 
healthcare applications. NPJ Digit Med 2022;5(1):149. doi:10.1038/
s41746-022-00689-4, PMID:36127417.

[44]	 Cui M, Zhang DY. Artificial intelligence and computational pathology. 
Lab Invest 2021;101(4):412–422. doi:10.1038/s41374-020-00514-0, 
PMID:33454724.

[45]	 Saltz J, Gupta R, Hou L, Kurc T, Singh P, Nguyen V, et al. Spatial Organi-
zation and Molecular Correlation of Tumor-Infiltrating Lymphocytes 
Using Deep Learning on Pathology Images. Cell Rep 2018;23(1):181–
193.e7. doi:10.1016/j.celrep.2018.03.086, PMID:29617659.

[46]	 Harmon SA, Tuncer S, Sanford T, Choyke PL, Türkbey B. Artificial 
intelligence at the intersection of pathology and radiology in pros-
tate cancer. Diagn Interv Radiol 2019;25(3):183–188. doi:10.5152/
dir.2019.19125, PMID:31063138.

[47]	 Moscatelli M, Manconi A, Pessina M, Fellegara G, Rampoldi S, Milan-
esi L, et al. An infrastructure for precision medicine through analysis 
of big data. BMC Bioinformatics 2018;19(Suppl 10):351. doi:10.1186/
s12859-018-2300-5, PMID:30367571.

[48]	 Robertson S, Azizpour H, Smith K, Hartman J. Digital image analysis in 
breast pathology-from image processing techniques to artificial intel-
ligence. Transl Res 2018;194:19–35. doi:10.1016/j.trsl.2017.10.010, 
PMID:29175265.

[49]	 Aeffner F, Zarella MD, Buchbinder N, Bui MM, Goodman MR, Hartman 
DJ, et al. Introduction to Digital Image Analysis in Whole-slide Imag-
ing: A White Paper from the Digital Pathology Association. J Pathol 
Inform 2019;10:9. doi:10.4103/jpi.jpi_82_18, PMID:30984469.

[50]	 Miller DD, Brown EW. Artificial Intelligence in Medical Practice: 
The Question to the Answer? Am J Med 2018;131(2):129–133. 
doi:10.1016/j.amjmed.2017.10.035, PMID:29126825.

[51]	 Farnell DA, Huntsman D, Bashashati A. The coming 15 years in gy-
naecological pathology: digitisation, artificial intelligence, and new 
technologies. Histopathology 2020;76(1):171–177. doi:10.1111/
his.13991, PMID:31846526.

[52]	 Granter SR, Beck AH, Papke DJ Jr. AlphaGo, Deep Learning, and the Fu-
ture of the Human Microscopist. Arch Pathol Lab Med 2017;141(5):619–
621. doi:10.5858/arpa.2016-0471-ED, PMID:28447900.

[53]	 Stoeklé HC, Mamzer-Bruneel MF, Frouart CH, Le Tourneau C, Lau-
rent-Puig P, Vogt G, et al. Molecular Tumor Boards: Ethical Issues in 
the New Era of Data Medicine. Sci Eng Ethics 2018;24(1):307–322. 
doi:10.1007/s11948-017-9880-8, PMID:28281147.

[54]	 Arellano AM, Dai W, Wang S, Jiang X, Ohno-Machado L. Privacy 
Policy and Technology in Biomedical Data Science. Annu Rev Bi-

omed Data Sci 2018;1:115–129. doi:10.1146/annurev-biodata-
sci-080917-013416, PMID:31058261.

[55]	 Sarwar S, Dent A, Faust K, Richer M, Djuric U, Van Ommeren R, et 
al. Physician perspectives on integration of artificial intelligence into 
diagnostic pathology. NPJ Digit Med 2019;2:28. doi:10.1038/s41746-
019-0106-0, PMID:31304375.

[56]	 Duane S, Tandan M, Murphy AW, Vellinga A. Using Mobile Phones to 
Collect Patient Data: Lessons Learned From the SIMPle Study. JMIR 
Res Protoc 2017;6(4):e61. doi:10.2196/resprot.6389, PMID:2844 
2451.

[57]	 Duane S, Tandan M, Murphy AW, Vellinga A. Using Mobile Phones to 
Collect Patient Data: Lessons Learned From the SIMPle Study. JMIR Res 
Protoc 2017;6(4):e61. doi:10.2196/resprot.6389, PMID:28442451.

[58]	 Demner-Fushman D, Chapman WW, McDonald CJ. What can 
natural language processing do for clinical decision support? J Bi-
omed Inform 2009;42(5):760–772. doi:10.1016/j.jbi.2009.08.007, 
PMID:19683066.

[59]	 Krist AH, Tong ST, Aycock RA, Longo DR. Engaging Patients in Deci-
sion-Making and Behavior Change to Promote Prevention. Stud 
Health Technol Inform 2017;240:284–302. PMID:28972524.

[60]	 Amann J, Blasimme A, Vayena E, Frey D, Madai VI, Precise4Q consor-
tium. Explainability for artificial intelligence in healthcare: a multidis-
ciplinary perspective. BMC Med Inform Decis Mak 2020;20(1):310. 
doi:10.1186/s12911-020-01332-6, PMID:33256715.

[61]	 Santoro E. Artificial intelligence in medicine: limits and obstacles. 
Recenti Prog Med 2017;108(12):500–502. doi:10.1701/2829.28580, 
PMID:29297898.

[62]	 Haemmerli J, Sveikata L, Nouri A, May A, Egervari K, Freyschlag C, 
et al. ChatGPT in glioma adjuvant therapy decision making: ready 
to assume the role of a doctor in the tumour board? BMJ Health 
Care Inform 2023;30(1):e100775. doi:10.1136/bmjhci-2023-100775, 
PMID:37399360.

[63]	 Kulikowski CA. Beginnings of Artificial Intelligence in Medicine (AIM): 
Computational Artifice Assisting Scientific Inquiry and Clinical Art 
- with Reflections on Present AIM Challenges. Yearb Med Inform 
2019;28(1):249–256. doi:10.1055/s-0039-1677895, PMID:31022744.

[64]	 Russell S, Norvig P (eds). Artificial Intelligence: A Modern Approach, 
3rd ed. London: Pearson; 2010.

[65]	 Sejnowski TJ (ed). The Deep Learning Revolution: Artificial Intelli-
gence meets human intelligence. Cambridge, MA: MIT Press; 2018.

[66]	 Hamet P, Tremblay J. Artificial intelligence in medicine. Metabolism 
2017;69S:S36–S40. doi:10.1016/j.metabol.2017.01.011, PMID:281 
26242.

[67]	 Holzinger A, Langs G, Denk H, Zatloukal K, Müller H. Causability 
and explainability of artificial intelligence in medicine. Wiley Inter-
discip Rev Data Min Knowl Discov 2019;9(4):e1312. doi:10.1002/
widm.1312, PMID:32089788.

https://doi.org/10.14218/ERHM.2023.00048
https://doi.org/10.1016/S2589-7500(19)30123-2
http://www.ncbi.nlm.nih.gov/pubmed/33323251
https://doi.org/10.1126/scitranslmed.aaw7610
http://www.ncbi.nlm.nih.gov/pubmed/31243153
https://doi.org/10.1038/s41746-022-00689-4
https://doi.org/10.1038/s41746-022-00689-4
http://www.ncbi.nlm.nih.gov/pubmed/36127417
https://doi.org/10.1038/s41374-020-00514-0
http://www.ncbi.nlm.nih.gov/pubmed/33454724
https://doi.org/10.1016/j.celrep.2018.03.086
http://www.ncbi.nlm.nih.gov/pubmed/29617659
https://doi.org/10.5152/dir.2019.19125
https://doi.org/10.5152/dir.2019.19125
http://www.ncbi.nlm.nih.gov/pubmed/31063138
https://doi.org/10.1186/s12859-018-2300-5
https://doi.org/10.1186/s12859-018-2300-5
http://www.ncbi.nlm.nih.gov/pubmed/30367571
https://doi.org/10.1016/j.trsl.2017.10.010
http://www.ncbi.nlm.nih.gov/pubmed/29175265
https://doi.org/10.4103/jpi.jpi_82_18
http://www.ncbi.nlm.nih.gov/pubmed/30984469
https://doi.org/10.1016/j.amjmed.2017.10.035
http://www.ncbi.nlm.nih.gov/pubmed/29126825
https://doi.org/10.1111/his.13991
https://doi.org/10.1111/his.13991
http://www.ncbi.nlm.nih.gov/pubmed/31846526
https://doi.org/10.5858/arpa.2016-0471-ED
http://www.ncbi.nlm.nih.gov/pubmed/28447900
https://doi.org/10.1007/s11948-017-9880-8
http://www.ncbi.nlm.nih.gov/pubmed/28281147
https://doi.org/10.1146/annurev-biodatasci-080917-013416
https://doi.org/10.1146/annurev-biodatasci-080917-013416
http://www.ncbi.nlm.nih.gov/pubmed/31058261
https://doi.org/10.1038/s41746-019-0106-0
https://doi.org/10.1038/s41746-019-0106-0
http://www.ncbi.nlm.nih.gov/pubmed/31304375
https://doi.org/10.2196/resprot.6389
http://www.ncbi.nlm.nih.gov/pubmed/28442451
http://www.ncbi.nlm.nih.gov/pubmed/28442451
https://doi.org/10.2196/resprot.6389
http://www.ncbi.nlm.nih.gov/pubmed/28442451
https://doi.org/10.1016/j.jbi.2009.08.007
http://www.ncbi.nlm.nih.gov/pubmed/19683066
http://www.ncbi.nlm.nih.gov/pubmed/28972524
https://doi.org/10.1186/s12911-020-01332-6
http://www.ncbi.nlm.nih.gov/pubmed/33256715
https://doi.org/10.1701/2829.28580
http://www.ncbi.nlm.nih.gov/pubmed/29297898
https://doi.org/10.1136/bmjhci-2023-100775
http://www.ncbi.nlm.nih.gov/pubmed/37399360
https://doi.org/10.1055/s-0039-1677895
http://www.ncbi.nlm.nih.gov/pubmed/31022744
https://doi.org/10.1016/j.metabol.2017.01.011
http://www.ncbi.nlm.nih.gov/pubmed/28126242
http://www.ncbi.nlm.nih.gov/pubmed/28126242
https://doi.org/10.1002/widm.1312
https://doi.org/10.1002/widm.1312
http://www.ncbi.nlm.nih.gov/pubmed/32089788

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Methods in existing research findings﻿

	﻿﻿﻿Results of these findings﻿

	﻿﻿﻿Current applications of artificial intelligence in medicine﻿

	﻿﻿﻿Advantages of AI applications in medicine﻿

	﻿﻿AI in disease detection and diagnosis﻿

	﻿﻿﻿AI in medical imaging﻿

	﻿﻿﻿Accelerated drug development﻿

	﻿﻿﻿Error reduction﻿

	﻿﻿﻿Provide real-time data﻿

	﻿﻿﻿Streamlined tasks﻿

	﻿﻿﻿Save time and resources﻿

	﻿﻿﻿Research assistance﻿

	﻿﻿﻿Reduced the physician stress﻿

	﻿﻿﻿Precision treatment﻿

	﻿﻿﻿Clinical trial efficiency and informed patient care﻿

	﻿﻿﻿Provide circumstantial relevance and increase doctor-patient engagement﻿


	﻿﻿﻿﻿Limits of AI in medicine﻿

	﻿﻿The requirement for human surveillance﻿

	﻿﻿﻿Overlooking of social variables﻿

	﻿﻿﻿Leads to unemployment﻿

	﻿﻿﻿Possible imprecisions﻿

	﻿﻿﻿Sensitivity to security risks﻿


	﻿﻿﻿﻿Future direction﻿

	﻿﻿﻿Conclusion﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿References﻿


