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ABSTRACT

The diagnosis and treatment of gastrointestinal (GI) disorders are being revolutionised by
the use of artificial intelligence (Al) in gastroenterology traditional techniques for
diagnosing gastrointestinal ~ disorders such as radiography pathology and endoscopy have
drawbacks such their dependence on operator competence and vulnerability to human error. Al-
powered technologies are increasing these operations, speed, accuracy and detection.
Al systems improve the accuracy of diagnostic imaging for pancreatic and liver illnesses help
find polyps during colonoscopies and analyse histological slides to help detect cancer early Al
also facilitates individualised therapy by assessing patient data to create customised treatment
regimens particularly for long-term illnesses like liver and inflammatory bowel disease. There are
still issues such as the requirement for superior datasets the interpretability of Al algorithms and
clinical integration. However, improvements in Al are set to make GI healthcare more organised,
accessible, and personalised, eventually improving patient outcomes and lowering healthcare
costs.

Key words: Artificial intelligence, Gastrointestinal disease, Al algorithms, Al based
treatment and diagnosis.

ABBREVIATIONS:

GI: Gastrointestinal

Al Artificial Intelligence

CAD: Computer aided diagnosis
IBD: Inflammatory bowel disease
IBS: Irritable bowel syndrome
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GERD: Gastroesophageal reflux disease
EGD: Esophagogastroduodenoscopy
CE: Capsule endoscopy

EHRs: Electronic health records
CNNs: Convolutional neural networks
SVM: Support vector machine

RNNSs: Recurrent neural networks
NLP: Natural language processing
RL: Reinforcement learning

ML.: Machine learning

NER: Named entity recognition

FDA: Food and drug administrations
CRC: colorectal cancer

1. INTRODUCTION

Al methods are computational techniques and algorithms that enable machines to
perform tasks that typically require human intelligence. These tasks include problem-solving,
learning, reasoning, perception, language understanding, and decision-making. Al methods are
based on mathematical models, statistical patterns, and data-driven approaches. Computer-
aided diagnosis (CAD) technologies and applications that are based on artificial intelligence
(Al) in a variety of medical domains. These include diabetic retinopathy, the histologic
categorisation of stomach biopsies, the diagnosis of radiation oncology, the identification of
brain tumours, the classification of various skin malignancies, and endoscopy 21,

Gastrointestinal (GI) diseases refer to any disorders affecting the digestive system,
which includes the esophagus, stomach, intestines (small and large), liver, pancreas, and
gallbladder. An illustration of Gl tract is shown in figure no:1.1. These diseases range from
mild conditions to severe conditions such as Gl cancer, inflammatory bowel disease (IBD) and
irritable bowel syndrome (IBS) 8. Some of the most common examples of GI disorder is
mentioned in table 1.1 along with its symptoms 3%,

Management of GI disorder:

Lifestyle modifications can play a significant role in managing Gl diseases, like following
proper diet, regular exercise with adequate sleep, limit alcohol and avoid excessive caffeine.
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The timely diagnosis and treatment of G diseases is critical for improving health outcomes,
preventing complications, and minimizing healthcare costs. Failure to diagnose and treat these
conditions early can lead to disease progression, worsening symptoms, and even death in severe
cases /1. Hence timely diagnosis and treatment of GI diseases is essential for improving patient
outcome to prevent disease progression. Screening programs, advanced diagnostic techniques,
and early therapeutic interventions contribute to better survival rates and overall quality of life
for patients with GI conditions. Table 1.2 shows the growth of Al in Gl disease diagnosis and
treatment.

2. CONVENTIONAL DIAGNOSIS AND Al BASED DIAGNOSIS METHOD AND ITS
TREATMENT METHODS

Conventional methods for the diagnosis and treatment of Gl diseases have been the
backbone of gastroenterology for decades and these methods involves well established
techniques are shown in table 2.1. Further the comparison between conventional methods and
Al-based methods in the diagnosis and treatment of GI disease highlights significant
differences in approach, accuracy, efficiency and limitations are shown in table 2.2 an analysis
of the two, providing insight into how Al-based methods can complement or improve upon
conventional techniques.

3. ARTIFICIAL INTELLIGENCE (Al)-BASED DIAGNOSIS METHODS IN
GASTROINTESTINAL DISEASE

Al-based methods are increasingly applied in the Gl disease diagnosis and treatment,
offering significant advancements in accuracy, efficiency, and personalized treatment
approaches. Below are some Al-based applications in Gl disease diagnosis and treatment,

In Endoscopy and Colonoscopy, Al-powered systems, particularly those using
computer vision, can analyse endoscopic and colonoscopy images to detect early-stage
colorectal cancer, polyps, and other GI abnormalities with high sensitivity and specificity. Al
can identify lesions that may be missed by human endoscopists, enhancing diagnostic accuracy
71, The non-invasive technique, capsule endoscopy is used to visualize the Gl tract. Al
algorithms help automatically detect abnormalities such as bleeding, ulcers, and tumours by
analysing the thousands of images generated during the procedure, reducing the workload for
physicians and increasing diagnostic accuracy [?81,

Barrett's esophagus is a condition that occurs when the lining of the lower esophagus
changes due to damage from stomach acid. Al models have been developed to assist in the
early detection of Barrett’s esophagus, a precancerous condition that can lead to esophageal
cancer. Al helps in identifying minute changes in the esophageal lining, improving early
diagnosis and enabling timely intervention 121,
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Al algorithms help in predicting disease exacerbation, optimizing treatment plans, and
assessing patient responses to therapies in conditions such as Crohn’s disease and ulcerative
colitis. By analysing large datasets from electronic health records (EHRs), Al identify the
patterns to predict disease progression and treatment outcomes %, The Al model, Machine
learning models have been used to predict the risk of gastrointestinal bleeding in patients,
especially those on anticoagulant or antiplatelet therapies. These models assist clinicians in
balancing the risk of bleeding with the need for therapy, leading to better patient management
[201 Al is increasingly used in robotic-assisted surgeries, such as Gl resections or bariatric
surgery, improving precision and reducing complications. Al systems assist surgeons by
providing real-time feedback and guidance during procedures 21, The Personalized Nutrition
for GI disease patient, Al provides personalized dietary recommendations for patients with Gl
conditions, such as irritable bowel syndrome (IBS) and celiac disease. By analysing patient
data and offers customized diet plans that improve symptoms and improve quality of life 17,
Al model predicts the outcomes of Gl surgeries, such as patient recovery times, complication
risks, and long-term prognosis. By analysing patient histories and surgical data, these models
help surgeons plan more effective interventions (%31 In Pathology of G1 Diseases, Al algorithms
are used to analyse histopathological slides and biopsy samples, aiding pathologists in
diagnosing conditions in GI tract disorders and it improves the speed and accuracy of
pathological evaluations [,

An Al algorithm is a sequence of steps or rules that computers follow to process data,
recognize patterns, and make decisions or predictions. In Al, algorithms power the decision-
making or learning processes that enable computers to tackle tasks that typically require human
intelligence. Al algorithms play a transformative role in Gl disease diagnosis by aiding
clinicians with faster and more accurate detection, staging, and classification of Gl diseases.
Here are some primary types of Al algorithms used in this domain,

Convolutional Neural Networks (CNNs) are used in analysing endoscopic and imaging
data for GI diseases. They can detect polyps, identify inflammation, and assess other
abnormalities from colonoscopies, CT scans, or MRI images. 281, CNN-based algorithms are
extensively used in real-time polyp detection during colonoscopy procedures. These models
analyse frames from endoscopic video feeds, automatically identifying and localizing polyps
that may be indicative of colorectal cancer 2. Support Vector Machines (SVM) are used for
classification tasks in Gl disease diagnosis, such as distinguishing between benign and
malignant tumours or different types of lesions. SVMs can be applied to features extracted
from medical images to help classify stages of diseases like esophageal cancer (3], In Barrett’s
oesophagus, SVMs help in distinguishing between different stages of cellular dysplasia, thus
supporting early intervention in esophageal cancer [“l. The random forest Al algorithm is a type
of ensemble learning, are effective in analysing structured clinical data, such as patient
demographics, lab tests, and lifestyle factors, to predict risks for diseases like inflammatory
bowel disease (IBD) and assess disease severity Y. Random forest algorithms, which
aggregate the predictions of multiple decision trees, have been used to assess the activity of
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inflammatory bowel disease (IBD). They help in analysing various clinical, genetic, and
lifestyle factors to predict the cause or remission in IBD patients 2,

Recurrent Neural Networks (RNNs) are used for analysing time-series data, making
them valuable in predicting disease progression in chronic Gl conditions like Crohn’s disease.
They can assess the longitudinal changes in patient data, offering insights into treatment
effectiveness 9. RNNs, which are ideal for sequential data, are used to model disease
progression by analysing time-series data from patient’s clinical records, RNNs can predict
future disease activity and inform treatment planning 1. Natural Language Processing (NLP)
Algorithms are techniques that extract and analyse the information from clinical notes and
EHRs, helping identify patterns in patient history relevant to Gl diseases 1. NLP algorithms
can process unstructured data from electronic health records (EHRS) to extract relevant
information about GI symptoms, treatments, and diagnoses. This can support clinical decision-
making and streamline the diagnosis process for Gl diseases [*°l. Bayesian networks are used
in probabilistic reasoning to model uncertainties in disease diagnosis and progression. They
are useful for risk assessment and predicting the likelihood of GI disease based on multiple
factors 181, Bayesian networks provide probabilistic reasoning to estimate the likelihood of
colorectal cancer in patients based on risk factors, including genetics, age, and lifestyle. This
can guide clinicians in early screening and personalized monitoring 81,

4. Al ALGORITHMS FOR GASTROINTESTINAL DISEASE TREATMENT

Al algorithms support Gl disease treatment by helping personalize therapies, predict
patient outcomes, and optimize treatment plans. Below are some Al algorithms used
specifically for Gl disease treatment, along with an explanation of how these algorithms
function.

Predictive Modelling Algorithms for Treatment Response [24

The predictive modelling algorithm analyse the patient data, including clinical history,
genetic markers, and lab test results, to determine the prospect of treatment success. This
information supports clinicians in selecting optimal therapies for individual patients. Logistic
regression, support vector machines (SVMs), and random forests are used to predict the
treatment response in specific treatments like immunotherapy or chemotherapy in patients with
Gl disease.

Reinforcement Learning (RL) for Optimizing Treatment Plans [*°]
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In RL, an Al model trained by interacting with patient health status and patient data.
The RL can adjust dosages and medications for IBD patients based on response to previous
treatments, potentially reducing symptoms and side effects over time. RL algorithms, including
Q-learning and deep Q-networks, are used to create adaptive treatment plans that evolve based
on real-time patient responses.

Natural Language Processing (NLP) for Treatment Insights from Clinical Data [

NLP processes are unorganized text data to identify key details on past treatment
outcomes, patient symptoms, or adverse reactions. These insights assist healthcare practitioners
to adjust treatment procedures and make better decisions by allowing them to evaluate previous
effective medicines in comparable circumstances. These techniques, such as named entity
recognition (NER) and text classification, extract and analyse treatment-related information
from EHRs and clinical notes.

Bayesian Networks for Probabilistic Treatment Decision-Making 1!

Bayesian networks generate predictive models to evaluate outcomes based on variable
interactions, assisting doctors in determining the possibility of treatment success or recurrence.
This leads to more informed and individualized care plans. Bayesian networks assess treatment
risks and benefits, considering individual patient characteristics like age, lifestyle, and genetic
predispositions. They are used in conditions like colorectal cancer and liver disease to predict
recurrence risk and inform post-treatment follow-ups.

Deep Learning (DL) for Drug Discovery and Precision Therapy @

Deep learning algorithms analyse large datasets, like genomic data and patient health
records, to identify new therapeutic targets and predict patient-specific drug responses. This
approach is particularly useful for complex Gl diseases requiring personalized treatments, such
as Crohn's disease or Gl cancers. In deep learning algorithms, Convolutional neural networks
(CNNSs) and recurrent neural networks (RNNs) are used in drug discovery to predict therapeutic
efficacy, analyse potential side effects, and optimize dosage for GI conditions.

5. CHALLENGES IN AI-BASED GASTROINTESTINAL DISEASE DIAGNOSIS AND
TREATMENT

A challenge refers to a barrier or limitation that hinders the successful development,
deployment, or effectiveness of the model. These challenges impact the accuracy, reliability,
interpretability, and ethical use of Al, especially in sensitive fields like healthcare.

The high-quality and well-annotated datasets are essential for training robust Al
models. However, Gl disease data can be limited due to small sample sizes, variability in
imaging (e.g., endoscopy, colonoscopy), and diverse patient demographics 1. Al models
trained on data from specific regions or demographics may struggle to generalize across
different populations, potentially leading to inaccurate diagnoses and treatment
recommendations for underrepresented groups 12, Most Al models, especially deep learning
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ones, act as "black boxes," providing little transparency in how they reach their conclusions.
This lack of interpretability can hinder clinician trust, as Gl specialists need explanations of
Al-derived diagnoses or recommendations 2. In regulatory standards for clinical use, Al
solution involves rigorous validation processes to prove safety and efficacy. Additionally,
privacy and ethical concerns arise around sensitive patient data used in Al training [40]. Al
tools need to integrate smoothly into clinical workflows and hospital IT systems. Poor
integration can disrupt workflow efficiency, reducing the potential benefits of Al and leading
to clinician reluctance [°. Implementing Al solutions often requires significant upfront
investment, as well as resources for maintenance and regular updates. These costs can be
prohibitive, especially for smaller healthcare facilities [©1.

STRATEGIES TO OVERCOME CHALLENGES

Overcoming challenges in Al-based gastrointestinal (GI) disease diagnosis and
treatment requires strategic approaches addressing data quality, interpretability, regulatory
hurdles, and clinical integration. Here are some strategies with standard references to improve
the adoption and effectiveness of Al in GI healthcare.

To Improve the data quality and quantity by collaborating institutions and countries to
create large, diverse, and standardized datasets for Al training. Using federated learning, which
enables Al models to learn from decentralized data without sharing sensitive information, can
enhance data diversity and protect patient privacy °!. Developing interpretable Al models to
provide transparent, understandable results, helping clinicians make informed decisions.
Techniques like explainable Al (XAI) can provide visualizations or feature importance scores,
allowing healthcare providers to better understand model predictions 2%, To avoid bias, train
models on diverse datasets that represent different demographics, and continuously validate
models across multiple healthcare settings. Employing bias detection algorithms and
evaluating model performance across subgroups can also help in minimizing bias 71, Work
with regulatory bodies early in the Al development process to ensure compliance with
standards, such as FDA guidelines, and develop clear protocols for data privacy and security.
Establishing ethics committees within Al research teams can further guide -ethical
considerations and patient consent. 1. Design Al models that integrate seamlessly into clinical
systems, such as electronic health records (EHRs), with minimal disruption to workflows.
Involve clinicians in the Al design and testing phases to ensure usability and relevance to real
clinical scenarios 1%, Utilization of cloud-based Al services and open-source tools reduce costs
associated with model training and maintenance. Additionally, focus on creating modular Al

solutions that can be adapted to facilities with different budgetary and infrastructure constraints
(8l

6. FUTURE OF Al IN GASTROINTESTINAL DISEASE DIAGNOSIS AND
TREATMENT
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Promising developments in accuracy, effectiveness, and individualised care are
anticipated in the use of Al in the diagnosis and treatment of GI disorders. According to recent
studies and advancements, Al is revolutionising Gl healthcare in the following important areas:

1. Al in Endoscopy and Imaging for Early Detection [2°

Al algorithms, especially deep learning, have demonstrated high accuracy in detecting
early-stage cancers and precancerous lesions. Al-assisted colonoscopy, for instance, has
improved polyp detection rates by analysing real-time endoscopic images. Automated image
analysis helps reduce diagnostic variability and minimize human error, leading to higher
detection rates for various Gl conditions.

2. Al in Risk Prediction and Personalized Screening 2%

Machine learning algorithms can assess individual risk for Gl diseases like colorectal
cancer (CRC) by analysing data from EHRs and genetic profiles, assisting in the timely
screening of high-risk patients. Based on individual risk profiles, Al tool helps for screening
intervals, potentially reducing unnecessary procedures while maintaining high detection
accuracy.

3. Al in Personalized Treatment for Chronic GI Conditions %

Machine learning models can analyse large datasets, predicting responses to treatments,
such as biologics for IBD. This enables healthcare providers to make personalized, evidence-
based treatment plans. By analysing patient-specific factors, Al can help optimize drug choices
and dosing schedules, improving outcomes and minimizing side effects.

4. Natural Language Processing (NLP) in GI Clinical Data 6]

NLP algorithms can efficiently extract structured data from clinical notes, pathology
reports, and other healthcare records, facilitating rapid analysis and identification of disease
patterns. Al-powered decision support systems can alert clinicians to significant trends based
on historical patient outcomes, guiding diagnosis and treatment for GI diseases.

5. Remote Monitoring and Telemedicine in GI Care [?2

Al-enabled devices and apps allow patients to record symptoms remotely, with data
analysed to identify early signs of disease progression, leading to timely interventions. Al
systems can monitor patients’ post-procedure or post-treatment, helping detect complications
early and improving long-term health outcomes.

IMPLICATIONS OF Al ADVANCEMENTS IN GASTROINTESTINAL DISEASE
DIAGNOSIS AND TREATMENT
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Al algorithms, particularly those utilizing machine learning and deep learning, enhance
the accuracy of diagnosing Gl diseases by analysing medical images, pathology slides, and
patient data. These technologies can assist in identifying conditions such as colorectal cancer
and IBD with greater precision than traditional methods. Al can analyse genetic information
and patient histories to develop personalized treatment plans and Al tools are used to optimize
treatment strategies for conditions like IBD and GI cancers. Al facilitates the early detection
of GI diseases through advanced screening techniques. In stool samples analysis or in
endoscopic imaging, Al models identify the early signs of cancer or other Gl disorders 41,

Al-driven robotic systems enhance the precision and effectiveness of minimally
invasive surgical procedures for Gl diseases. These technologies can lead to better surgical
outcomes and faster recovery times for patients undergoing operations such as laparoscopic
resections. Al applications in telemedicine enable the remote monitoring of patients with
chronic GI conditions, allowing healthcare providers to track symptoms and medication
adherence more effectively. This can lead to better disease management and timely adjustments
of treatment plans. [

7. CONCLUSION

Al is proving invaluable in the diagnosis and treatment of gastrointestinal diseases by
enhancing diagnostic accuracy, enabling personalized care, facilitating early detection,
improving surgical outcomes, and supporting continuous patient management. These
advancements not only improve patient outcomes but also contribute to more efficient, cost-
effective healthcare delivery. As Al technology develops further, its application to Gl
healthcare has enormous potential to revolutionise patient care by expanding access to prompt,
precise, and customised care. For these advantages to be fully realised and for the management
of Gl diseases to continue to improve, Al must be developed and applied ethically.

The future outlook for Al in gastrointestinal disease diagnosis and treatment is
promising, with potential to redefine standards in patient care. As Al algorithms continue to
advance, they are likely to achieve even greater diagnostic accuracy, especially in detecting
early-stage cancers and other Gl diseases. Emerging technologies may enable deeper insights
into disease mechanisms, paving the way for more precise and personalized treatment strategies
that adapt in real-time to a patient's evolving health status. Al has the potential to transform Gl
healthcare, ultimately improving patient outcomes, reducing healthcare costs, and making
high-quality, individualized care more accessible.
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Gl DISORDERS SYMPTOMS
Gastroesophageal Reflux Disease | A condition where stomach acid frequently
(GERD) flows back into the oesophagus.

Peptic Ulcers

Sores that develop on the lining of the stomach,
small intestine, or oesophagus.

Inflammatory Bowel Disease (IBD) and
Crohn’s disease

It is a chronic inflammatory bowel disease and
causes inflammation in the digestive tract and
symptoms like abdominal pain, weight loss,
diarrhoea and fever

Irritable Bowel Syndrome (IBS)

A functional disorder of the intestines, leading
to symptoms like cramping, abdominal pain,
bloating, gas, and diarrhoea or constipation.

Celiac disease

Celiac disease is an illness caused by an
immune reaction to eating gluten. Causes
symptoms such as diarrhoea, fatigue, weight
loss, bloating or anaemia.

Gastroenteritis

It also known as the stomach flu, is a common
condition that causes inflammation of the
stomach and intestines with symptoms include
vomiting, nausea, weight loss, cramping and
clammy skin or sweating

Table 1.2 growth of Al in Gl disease diagnosis and treatment.

Data

PERIOD MILESTONE DESCRIPTION
1980s-1990s | Foundational research | Early research in Al diagnostics and predictive
modelling, setting groundwork for future
applications.
2000s Digital Imaging & | Adoption of digital endoscopy and initial ML
Machine Learning models for image pattern recognition in Gl.
2010s Deep Learning & Big | Growth of neural networks, large Gl image

datasets, and first FDA-approved Al tools for
colonoscopy.
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colon and rectum.

2020-2022 Clinical Practice | Real-time Al detection of polyps in colonoscopy,
Integration early diagnosis of Barrett's oesophagus and
gastric cancer.
2023 Personalized Medicine | Al-driven precision treatments for IBD and Gl
& Predictive Analytics | cancers, popularization of symptom-tracking
wearables.
Table 2.1: conventional methods in diagnosis of Gl disease.
S.NO | DIAGNOSIS METHOD MECHANISM LIMITATIONS
1 Endoscopy [9] Visual examination of | Invasive, require
the upper/lower Gl | sedation, and depend on
tract like oesophagus, | the  skill — of  the
stomach, and | endoscopist.
duodenum.
2 Colonoscopy [9] Examination of the | Require sedation and

involves restricted diet.
Colonoscopy might not
detect all small polyps
and cancers.

3 Barium studies (X-rays) [10]

Swallowing barium to
visualize Gl tract.

The risks of a barium
swallow  test  may
include problems  from
radiation exposure, birth
defects and intestinal
issues.

4 Ultrasound [11]

Imaging internal

organs.

Ultrasound is operator-
dependent, and its
effectiveness may be
limited by the patient’s
body habitus (e.g.,
obesity), as it cannot
penetrate air-filled or
bone structures.
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5 CT/MRI scans [10] Detailed cross- | CT scans expose patients
sectional imaging. to radiation, while MR,
although safer in this
regard, can be more
expensive and time-
consuming.

6 Blood tests Inflammatory markers, | It may give false negative
liver function, and | or false positive result.
nutrient deficiencies.

7 Stool tests Infection, These tests are less
inflammation, or | sensitive than
malabsorption colonoscopies at
detection. detecting precancerous

polyps. It may also give
false-negative results or
false-positive results

8 Biopsy Tissue sampling for | Biopsy specimens vary in
histological size and quality, and
examination. cover a smaller area than

surgical specimens.

9 Esophagogastroduodenoscopy | Upper Gl tract | The cost of the
(EGD) [9] examination. infrastructure and skilled
personnel required for an
EGD can make it
expensive. EGD
procedures can lead to
trauma, bleeding, or
perforation of the small
intestinal wall.

10 Capsule endoscopy Swallowing a camera | CE has a high rate of
pill to visualize the | missing lesions in the
small intestine. duodenum and proximal
jejunum. It takes more
time to read the images.
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S.NO | METHODS | CONVENTIONAL METHODS AI-BASED METHOD

1. Endoscopy | Conventional endoscopy is | Al-based endoscopy offers greater
[5] heavily operator-dependent, | consistency by compensating for

leading to variable detection | human error and fatigue.Al has

rates, particularly for subtle | the potential to reduce missed

lesions. lesions, which are common in
conventional methods, especially
for flat or small polyps.

2. Imaging Conventional imaging is limited | Al systems can also process and
(CT, MRI, | by human error in interpreting | analyse images more quickly than
Ultrasound) | complex or subtle findings. Al- | humans, facilitating faster
[13] assisted imaging can improve | diagnosis, which is particularly

diagnostic accuracy and reduce | valuable in emergency settings.
variability between radiologists.

3. Surgical Conventional surgery remains a | Al also enables remote surgery
Approaches | human-driven  process, with | capabilities, allowing specialists
[14] outcomes depending on the |to perform operations across

surgeon’s experience. Al-based | distances.
robotic systems allow for

enhanced precision, reduced

human error, and  more
predictable outcomes,
particularly in complex cases.
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Figure 3.1: Al in diagnosis of Gl disease.
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Upper endoscopy

Scope

Figure 3.2: Upper Endoscopy

https://www.mayoclinic.org/tests-procedures/endoscopy/about/pac-20395197

Capsule Endoscopy System

Endoscopy Capsule

procedure
Antenna

Battery

Lence

’ Lights

1. Fasting necessary
prior to swallowing
capsule

2. Capsule glides Advantages
smoothly through .
digestive tract ® Painless

® No sedation

@ Provides 3-D, color images
of small intestines without
surgery

3. Wireless recorder
worn on a belt around
waist receives signals
transmitted by capsule
through sensors
placed on patient’s body

® Allows doctors to make
early, accurate diagnosis of
problems so they can
recommend most
appropriate treatment

4. Capsule naturally excreted

Figure 3.3: Capsule endoscopy with its procedure and advantages

https://www.manhattangastroenterology.com/procedures/small-bowel-capsule/
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Figure 3.4: Al assisted robotic surgery

https://www.mitrhospital.com/robotic-surgery-benefits/
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