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Abstract:

Artificial intelligence (Al) refers to the engineering and science of making intelligent machines through
algorithms or rules, mimicking human cognitive functions, such as learning and problem-solving. Al
has several branches, such as machine learning and deep learning, which can add intelligence to
applications. Machine learning is the study of algorithms that allow computer programs to improve
automatically through experience. Deep learning algorithms learn from an extensive, multi-layered
collection of interconnected processes and expose these processors to many examples. In the coming
years, the integration of Al in routine medical care is expected to revolutionize Medicine, potentially
improving patient care and quality of life. The time required for a diagnosis can be greatly reduced,
and diagnostic efficiency can be significantly enhanced when Al assists clinicians. Large language
model chatbots are capable of clinical expert-level medical note-taking, consultation, and question-
answering.Chatbotscan generate human-like text, may help diagnose diseases based on medical
records, and may suggest treatment options or plans. Artificial intelligence algorithms, particularly
deep learning, have demonstrated remarkable progress in radiological image analysis and diagnosis
and may improve radiologists’ efficiency. These algorithms may also improve diagnostic accuracy in
dermatology, histopathology, fundoscopy, endoscopy, and other medical images. Natural language
processing and ambient clinical intelligence automate administrative duties like recording patient
visits in electronic health records, streamlining clinical workflow, and freeing up doctors to spend
more time with patients. Al may also help with new drug discoveries, precision medicine, and clinical
research. Al developments can revolutionize several healthcare-related fields and pave the way for a
more individualized, accurate, predictive, and portable future.
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Introduction:

Artificial intelligence (Al) is the intelligent behavior by
computers with little to no human interaction. Alan
Turing, considered to be the father of theoretical
computer science and artificial intelligence, first
described using computers to simulate intelligent
behavior and critical thinking in 1950. Turing
described a simple test, later known as the Turing test,
to determine whether computers can achieve human-
level performance in cognition-related tasks.!John
McCarthy first used the phrase “artificial intelligence”

(Al) in 1955, characterizing it as “the science and
engineering of making intelligent machines.”The
discipline of artificial intelligence was officially
established in 1956 during a conference held at
Dartmouth College.2Al refers to the engineering and
science of making intelligent machines through
algorithms or rules, which mimics human cognitive
functions, such as problem-solving and learning. 3

With continued progress in electronicspeed, capacity,
and software programming, computers continued to
evolve. Deep Blue was the first chess computer to beat
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Garry Kasparov, the reigning world champion, in a
game under tournament conditions on February 10,
1996.1t was a symbolic moment for AI because it
demonstrated that Al can match or even surpass
human intelligence. In the last few decades, the use of
Al has been expanded in many scientific fields,
especially healthcare. There are two branches of Al
virtual and physical. The virtual branch is represented
by natural language processing, neural networks, and
machine learning. In contrast, the physical branch is
represented by intelligent medical devices and robots
delivering care.

Al has several fields, such as machine learning and
deep learning, that can add intelligence to many
applications. Algorithms that allow computer programs
to automatically get better through experience are
called machine learning. Machine learning algorithms
fall into three categories: (i) unsupervised (ability to
identify patterns), (ii) supervised (classification and
prediction algorithms based on prior examples), and
(iii) reinforcement learning (use of reward and
punishment sequences to form a strategy for operation
in a particular problem space).*Deep learning (DL)
algorithms use extensive, multi-layered collections of
interconnected processes, and these processors are
exposed to many examples.DL is the predominant
method in Al today, driving improvements in speech
and image recognition.5In the coming years, the
integration of Al in routine medical care is expected to
revolutionize Medicine, potentially improving patient
care and quality of life.

Al in Medical Diagnosis:

The time required for a diagnosis can be greatly
reduced, and diagnostic efficiency can be significantly
improved when Al assists clinicians. Through the
analysis of clinical data from radiology (such as X-
ray, CT, and MRI), pathology, endoscopic,
ultrasonographic, and biochemical examinations for
relevant medical conditions, artificial intelligence (Al)
can make a prompt and accurate conclusion,
particularly for complex diagnoses.

Use of Large Language Model Chatbots in Medicine:
Chatbots such as GPT-4 (Generative Pre-trained
Transformer 4) were released in March 2023, and they
can perform several text-based tasks in Medicine. Early
studies have shown that these models can facilitate
clinical expert-level medical note-taking, consultation,
and question answering. After listening to healthcare
provider-patient interactions, automated medical note-
taking by Al can significantly reduce the administrative
burden.®ChatGPT and others can respond to case
scenarios written as prompts and have impressive but
mixed results.”
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These models can generate human-like text, may assist
in diagnosing diseases based on medical records, and
even suggest treatment options or plans. Without any
specialized training or reinforcement, ChatGPT
performed at or near the passing threshold of 60%
accuracy in the United States Medical Licensing
Examination (USMLE) step 1, step 2 CK, and step 3
examinations. Furthermore, ChatGPT’s explanations
showed a high degree of insight and consistency. These
findings imply that large language models can be
helpful in clinical decision-making and medical
education.®

Early studies of large language models for text-based
tasks in Medicine have included chatbots such as GPT-
4 (Generative Pre-trained Transformer 4) and have
shown that these models are capable of clinical expert-
level medical note-taking, question answering, and
consultation. Chatbots can also be a source of
healthcare information for patients and may help fight
off medical myths and disinformation. A Bangla
Chatbot developed by local biomedical engineers in
collaboration with local physicians can have a massive
impact on spreading authentic medical information to
patients and caregivers.

Automation and Ambient Clinical Intelligence:

Artificial intelligence systems that use natural language
processing (NLP) algorithms may be able to automate
administrative duties like recording patient visits in
electronic health records, streamlining clinical
workflow, and freeing up doctors to spend more time
with patients.9

Al’s speech recognition software can recognize a
patient’s or doctor’s spoken language, convert it to
patient notes, and save them electronically, thereby
reducing workload. !0

Al in Radiology:

Artificial intelligence (Al) algorithms, particularly deep
learning, have demonstrated remarkable progress in
radiological image analysis and diagnosis. Radiologists
can use Al to interpret images from various imaging
methods, such as radiography, CT, MRI, and
ultrasonography. Traditionally, radiologists visually
assess medical images to diagnose, characterize, and
monitor diseases. Al algorithms can automatically
recognize complex patterns in imaging data and provide
quantitative rather than qualitative assessments of
radiographic characteristics.Al-based algorithms help
the radiology workflow, including image acquisition,
image reconstruction, visualization, analysis,
diagnosis, and prognosis prediction. They also help
non-radiologist doctors using medical-imaging AI.1!
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Researchers compared the performances of Al with
those of human radiologists in interpreting various
radiological images. The AI-Rad Companion Chest X-
ray (AlI-Rad, Siemens Healthineers) was tested against
two human radiologists’ written reports. The Al-Rad
offered better sensitivity for the detection of lung lesions
(0.83 versus 0.52), consolidations (0.88 versus 0.78),
and atelectasis (0.54 versus 0.43) compared to
humans.!2The performance of a DL algorithm for
identifying chest radiographs with clinically relevant
abnormalities in the emergency department setting was
evaluated by Hwang et al. For the Al algorithm, a
sensitivity of 88.7% and a specificity of 69.6% at the
high-sensitivity cutoff was noted. Radiology residents
showed lower sensitivity (65.6%; p<0.001) and higher
specificity (98.1%; p<0.001) compared with the
algorithm. After the reinterpretation of chest
radiographs with the use of the algorithm’s outputs,
the residents’ sensitivity improved.!3WHO has
recommended computer-aided Detection for
Tuberculosis (CAD4TB) as an alternative to human
reporting of digital chest X-ray (CXR) for screening and
triage for TB. It takes 10 seconds to evaluate lung
abnormalities. A study in Bangladesh showed that the
sensitivity of CAD4TB v6 was close to 100%, whereas
the human radiologist’s sensitivity was 88.2%.1%Not
only in CXR, artificial intelligence systems have
approached neuroradiologist-level differential
diagnosis accuracy at brain MRI. For accuracy of the
top three differential diagnoses, the Al system (91%
correct) performed similarly to academic
neuroradiologists (86% correct; p = 0.20) and better
than radiology residents (56%; p <0.001), general
radiologists (57%; p < 0.001), and neuroradiology
fellows (77%; p = 0.003).15

Integrating Al into radiology offers possible advantages
and difficulties for radiologists and the Al community.
The majority of radiology residents and radiologists
anticipate significant changes in the radiology field
during the next decade, and they think Al should play
the function of a “co-pilot,” serving as a second set of
eyes and streamlining workflow duties. Al is also a
valuable tool for non-radiologist clinicians in resource-
poor settings where round-the-clock radiology services
are unavailable. 16

In addition to the radiologic diagnosis, Al algorithms
can accurately predict clinical outcomes based on CT
data in cancer and traumatic brain injury
cases.l7:18Effective clinician-Al collaboration is
essential for successfully applying Al in radiology,
utilizing the complementary skills of both.
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Al for Interpretation of Medical Images:

Al algorithms are remarkably successful in the
interpretation of medical images. Their use has been
extended to various medical imaging applications,
including the diagnosis of dermatologic conditions and
the interpretation of electrocardiograms, pathological
slides, and ophthalmic images.!®Google Net Inception
or similar algorithms can be trained with millions of
dermatological images. Subsequently, the patterns of
submitted digital images can be analyzed at a pixel
level, and a diagnosis can be made.1?

A systematic review was done by OT Jones et al. to
evaluate the role of artificial intelligence and machine
learning algorithms in facilitating the early diagnosis
of dermatologic malignancies, focusing on their
application in primary and community care settings.
It showed reasonable mean diagnostic accuracy for
melanoma (89-5%), squamous cell carcinoma (85-3%),
and basal cell carcinoma (87-6%).29Application of deep-
learning convolutional neural networks, one of the most
powerful artificial intelligence techniques, to the
interpretation of electrocardiograms (ECG), is feasible
and valuable. Neural networks trained with large
numbers of digital ECGs can diagnose common cardiac
conditions and help detect some atypical conditions
like silent atrial fibrillation, asymptomatic left
dysfunction, and hypertrophic
cardiomyopathy based on the ECG alone.Al algorithms

ventricular

to detect other cardiac conditions, such as amyloid
heart disease, and aortic valve stenosis are in the active
stages of development.?1

Accurate histopathological diagnosis is a prerequisite
for the management of many diseases. However, even
for experienced pathologists, visual observation and
subjective interpretation can result in intra- and inter-
observer disagreement. Al-aided computational
pathology can improve the diagnostic accuracy of
pathology slides. One of the other advantages of
computational pathology is that it allows the
simultaneous inspection of histopathology images
along with patient metadata, such as demographic,
gene sequencing, or expression data, and progression
and treatment outcomes. Whole slide imaging can
detect features that are difficult to detect by the human
eye alone.?22

Internists in their daily clinical practice have to do
fundoscopy to diagnose many systemic conditions
affecting the eyes, like diabetic and hypertensive
retinopathy, papilloedema, optic atrophy, Roth spots,
choroid tubercle, retinitis pigmentosa, and many
others. Machine learning algorithms can help
immensely in diagnosing ophthalmic conditions from
ophthalmic images. Conventional diagnostic methods
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relying solely on physicians’ knowledge and
professional experience can lead to a high rate of
misdiagnosis and delayed ophthalmic referral,
resulting in poor outcomes. Diabetic retinopathy is a
potentially preventable cause of blindness, affecting
millions of people worldwide. A deep convoluted neural
network for automated detection of diabetic retinopathy
was first used by Gulshan et al.23Keel and colleagues
developed a deep learning-based diabetic retinopathy
screening model for use in an endocrinology outpatient
clinic, which resulted in 96% patient satisfaction.2*

Lumineticscore (formerly IDX-DR) is the first medical
device to be authorized by the US FDA to provide a
screening decision for diabetic retinopathy without the
oversight of a clinician, stratifying patients into those
who require immediate ophthalmology review, and
those that do not, who need 12 monthly screenings- 25

Al in Endoscopy:

Al-augmented endoscopy can significantly enhance the
diagnosis of gastrointestinal diseases, including
Barrett’s esophagus (with or without dysplasia),early
detection of carcinoma at different sites, small bowel
angiodysplasia, colonic polyp, and assessment of
mucosal healing in ulcerative colitis, by shorteningthe
detection time and improving the diagnostic accuracy.
The convoluted neural networks may also aid
automated endoscopy reporting and triaging for
endoscopy referral, thus reducing the administrative
workload of a busy endoscopy unit.26

The current guidelines propose endoscopic surveillance
in Barrett’s esophagus (BE) patients with random four-
quadrant biopsies obtained every 1-2 cm to detect
dysplasia. This is because only experts can accurately
perform the visual diagnosis of early dysplasia related
to BE. Furthermore, 10% of upper gastrointestinal
malignancies are overlooked during endoscopy. Al-
aided diagnosis is expected to help endoscopists
minimize these shortcomings of conventional
endoscopy.2?A convolutional neural network (CNN)pre-
trained and fine-tuned on a dataset of thousands of
endoscopic images, either positive or negative for H.
pylori, may help in the diagnosis of Helicobacter pylori
gastritis based on endoscopic images alone with higher
accuracy compared to manual diagnosis by
endoscopists.28

Al in Diabetes Care:

The global diabetes prevalence in 20-79-year-olds in
2021 was estimated to be 10.5% (536.6 million people),
rising to 12.2% (783.2 million) in 2045.29Al-based
technologies may lead to data-driven actions and
improve outcomes for patients with diabetes. Machine
learning (ML) is particularly suitable for clinical
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applications to diabetes, where it will increasingly be
used to predict the risk of developing diabetes, optimize
treatments for patients with diabetes, and diagnose
diabetic complications in their early, treatable
stages.ML algorithms have already been used to predict
a person’s risk of developing diabetes by analyzing
lifestyle activities, physiologic sensor data, and genomic
data.30Clinical decision support tools based on
supervised machine learning have been created to
predict short- and long-term HbA 1c response following
insulin introduction in patients with type 2 diabetes
mellitus. With guidance from Al, patients with diabetes
can now make everyday decisions about their food and
exercise. Apps can allow patients to assess the quality
and calorie value of their food intake.3!

Deep learning (DL) is a subset of machine learning
that relies on more complex algorithms called artificial
neural networksto imitate how a human brain
processes data and recognizes patterns. DL is more
powerful than ML and has been adapted to diagnose
long-term, resource-intensive complications of
diabetes, such as diabetic retinopathy and diabetic
macular edema.3?The One Drop Mobile app can help
patients with type 1 and type 2 diabetes schedule
medication reminders, view statistics, set goals, track
health outcomes, and get data-driven insights. The use
of this app for tracking self-care was associated with
improved HbAlc in patients with diabetes.33

Al in Precision Therapeutics:

Al will broaden the horizons of precision Medicine in
the near future through developments in synthetic
biology and Al-guided drug discovery. Synthetic biology
has led to advancements in the last ten years, including
personalized cancer medicines and CRISPR gene
editing. Nevertheless, creating such sophisticated
treatments is still incredibly costly and inefficient.

Future advances in data access (genomic, proteomic,
glycomic, metabolomic, and bioinformatic) will enable
Al to handle a much greater degree of systematic
complexity, revolutionizing our understanding of,
contributions to, and influence on biology. This will
assist in better estimating which agents are more likely
to be effective early on and also better anticipate
undesirable drug effects, which will increase the
efficiency of the drug discovery process.?

Use of Al in Conducting Clinical Research:

Through more effective participant matching and
recruiting, as well as more thorough data analysis,
artificial intelligence, and machine learning hold the
potential to enhance, streamline, and expedite clinical
trials. Furthermore, by comparing past data to target
trial enrollment criteria, synthetic control groups might
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be able to be created. Additionally, Al and machine
learning may improve understanding and prediction
of potential adverse events and patient
subpopulations.3#

Remote Patient Monitoring Using Artificial
Intelligence:

Al-augmented remote patient monitoring (RPM) is one
of the common healthcare applications that assist
doctors in monitoring patients with acute or chronic
illnesses at remote locations, older adults in-home care,
and even hospitalized patients.RPM is commonly used
to measure vital signs or other physiological parameters
that can assist with clinical judgments or treatment
plans. RPM can be used to monitor blood sugar levels
in diabetes, epilepsy, cardiac arrhythmias, mental
health monitoring, monitoring of patients in ICU, etc.35

Priorities for Bangladesh:

The following developments and applications in the
field of Al may have a significant impact on the
improvement of healthcare delivery in Bangladesh: Al-
enhanced electronic health records, Al speech-to-text
software, Bangla chatbot, widespread availability and
use of clinical-decision assistance, development of
open-source Al software to minimize cost, and
development of local Al platforms using Bangladeshi
demographic data.

Areas of Concern:

One primary concern about using Al in Medicine is
that it will “dehumanize” Medicine by reducing human
touch, compassion, and patient empathy. This concern
is countered by the argument that ambient clinical
intelligence (ACI) and natural language processing
(NLP) will reduce administrative burden and help
clinicians focus more on the patient. A study by Sinsky
et al. showed that physicians spent only 27% of their
office day on direct clinical interaction with the patient
but spent 49.2% of their office day on electronic health
records and paperwork.36The use of Al technologies
might make Medicine more “humanized.”

Another concern is about patient confidentiality and
data security; ongoing monitoring and privacy
violations through medical devices and the Internet of
Things can increase the stigma around chronically ill
or more disadvantaged citizens. To prevent this, the
issue of data protection and data ownership must be
handled carefully; laws and regulations are likely to
emerge that will also safeguard these issues.

Al replacing physicians is another concern raised by
some healthcare workers, but it is an improbable
event.Al is and will be complementary to physicians,
and 4P model of Medicine (predictive, preventive,
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personalized, and participatory) is best delivered when
Al acts in concert with the physicians.3’American
philosopher Hubert Dreyfus argued that human
problem-solving and expertise depend on our intuition
and background sense of the context. These
unconscious skills can never be fully captured by AI38

Another concern is that automation bias-the tendency
to over-rely on automation and to ignore contradictory,
non-automated information (even if it is correct), may
weaken the clinical skills of a physician. To address
this issue, we must emphasize that Al is not fault-
proof, and doctors should critically evaluate the
information provided by automated systems and trust
their judgment when necessary.39

Medical mistakes by Al are also a possibility and must
be carefully addressed. Close collaboration between
physicians and biomedical engineers, use of local
demographic data in the locally-developed Al tools, and
extensive validation of AI tools before clinical
application might help to reduce errors by AI40

Conclusion:

Al developments have the potential to revolutionize
several healthcare-related fields and pave the way for
a more individualized, accurate, predictive, and
portable future. For practical application of Al in
Medicine, we need tech-savvy doctors with both clinical
experience and digital expertise. Our medical
curriculum may need to be updated to produce the
“augmented” doctors who can adapt to the widespread
use of Al in Medicine. Finally, we need to customize Al
in our national context to meet the needs of our
population.
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