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Abstract

When integrated into healthcare, large language models (LLMs) have
transformative and revolutionary effects, including significant poten-
tial for improving patient care and streamlining clinical processes.
However, one specialty that particularly requires data on LLM use
is gastroenterology and gastrointestinal surgery, a gap we sought to
address in our research. Advanced artificial intelligence (Al) systems
like LLMs have demonstrated the ability to mimic human commu-
nication, assist in diagnosis, provide patient education, and support
medical research simultaneously. Despite these advantages, chal-
lenges such as biases, data privacy concerns, and lack of transparency
in decision-making remain critical. The role of regulations in miti-
gating these risks is widely debated, with proponents advocating for
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structured oversight to enhance trust and patient safety, while others
caution against potential barriers to innovation. Rather than replacing
human expertise, Al should be integrated thoughtfully to complement
clinical decision-making. Ensuring a balanced approach requires col-
laboration between medical professionals, Al developers, and poli-
cymakers to optimize its responsible implementation in healthcare.

Keywords: Artificial intelligence; Gastroenterology; Gastroenterol-
ogy surgery; Healthcare; Ethical medical care

Introduction

Large language models (LLMs) are a complex form of arti-
ficial intelligence (Al) trained on an extensive corpus of text
data, often encompassing terabytes of information. These
models are designed to generate texts that closely mimic hu-
man language and have the ability to understand natural lan-
guage queries with a high degree of accuracy [1]. Features that
particularly differentiate LLMs from other forms of Al include
their ability to identify and grasp context-specific pointers,
infer the underlying meaning and implications, and gener-
ate coherent and context-appropriate responses. This makes
LLMs invaluable across a myriad of applications in business
and healthcare, including, but not limited to, customer service
chatbots, virtual personal assistants, and advanced language
translation systems.

While AT has been a subject of research since the 1950s,
interest in its medical applications has fluctuated over time [1].
The recent surge in Al interest, particularly within healthcare,
has been driven by advancements in LLMs over the past few
years [2]. This renewed focus is largely due to improvements
in deep learning, increased computational power, and the de-
velopment of sophisticated models like Generative Pre-trained
Transformer (GPT)-3 and GPT-4, which have demonstrated
unprecedented capabilities in clinical decision support, patient
education, and research [3]. These models are not just aca-
demic possibilities or theoretical models but are transforming
the face and landscape of healthcare globally. LLMs possess
the computational power to rapidly analyze vast repositories
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of medical literature, scientific publications, clinical studies,
patient education material and other online data. This enables
them to assist healthcare professionals in diagnosing a wide
array of diseases with greater accuracy, suggesting evidence-
informed management plans, and predict patient outcomes and
prognosis based on historical data and patient symptomatology
and workup [4]. Thus, LLMs play a vital role in enhancing the
quality of medical decision-making processes, ultimately con-
tributing to superior patient care and thus clinical outcomes.

Interestingly, LLMs have shown considerable promise in
the specialized fields of gastrointestinal pathology, offering a
wide array of applications. Their proficiency in handling vari-
ous gastrointestinal issues is demonstrated most effectively by
their ability to address common gastrointestinal inquiries [5].
With versatile linguistic capabilities, they are able to compre-
hend and respond to questions in a host of languages, whether
that is answering questions about cirrhosis in Arabic or ad-
dressing patient inquiries regarding upcoming procedures in
their native language [6, 7]. However, there is significant room
for improvement; for instance, while being able to respond
accurately to queries related to hepatocellular carcinoma and
cirrhosis, LLMs have demonstrated significant gaps in their
understanding of current management guidelines [8]. This de-
ficiency could preclude LLMs from providing comprehensive
and fully accurate information to patients and their providers.
Therefore, further research and development are crucial to
strengthening their capabilities, especially in the highly spe-
cialized subsets of medicine, such as gastroenterology and gas-
trointestinal surgery.

While LLMs have demonstrated significant potential
across various areas, their application in medicine brings
unique challenges and ethical considerations, including the risk
of introducing errors, biases, and human prejudices in medical
practice. This problem arises since these models are trained on
unstructured free text from diverse sources, including scientific
literature, online forums, books, and publicly available internet
data, which may contain inaccuracies, biases, and inconsisten-
cies [9]. This can result in the dissemination of inaccurate or
even harmful medical advice and treatment recommendations.
Another domain in need of major improvement is the “black-
box” nature of these Al systems, which limits transparency and
makes it difficult to fully understand the rationale behind their
decision-making processes. However, it is important to recog-
nize that human decision-making is similarly complex; many
human decisions are influenced by subconscious biases, heu-
ristics, and prior experiences, which are not always explicitly
understood or easily explained. While enhancing explainabil-
ity in Al is a priority, there are tradeoffs: requiring models to
generate detailed explanations can decrease computational ef-
ficiency, increase processing time, and, in some cases, reduce
predictive performance. The balance between explainability,
accuracy, and efficiency is context-dependent, while transpar-
ency is critical in high-stakes medical applications, there are
scenarios where prioritizing accuracy and speed may be more
beneficial [10].

Furthermore, the utilization of LLMs in healthcare set-
tings raises legitimate concerns surrounding patient privacy,
confidentiality of sensitive patient information, and data se-
curity, since these models often require access to large vol-

umes of sensitive patient data to function effectively [11]. The
increasing integration of Al in healthcare is transforming the
role of medical professionals, automating certain tasks while
enhancing other advancements, such as X-rays and computed
tomography (CT) scans, did not diminish medical care but
rather improved diagnostic accuracy and efficiency. Similarly,
Al may reduce reliance on some traditional clinical practices,
such as auscultation, while strengthening physicians’ ability
to make data-driven diagnoses, optimize treatment strategies,
and improve workflow efficiency. The key challenge lies in
balancing Al integration with maintaining the human aspects
of patient care, ensuring that automation enhances rather than
replaces meaningful physician-patient interactions. In light of
these concerns, it is imperative that effective quality-control
mechanisms and error mitigation processes be integrated
within LLMs. Self-reflective LLMs improve reliability by
identifying errors, learning from feedback, and refining re-
sponses. However, HIPAA restricts real-time learning from
clinical interactions, limiting AI’s ability to adapt dynamically.
While this protects patient privacy, it also slows Al improve-
ment, requiring a balance between adaptability and confiden-
tiality in medical Al development [12]. Recent studies have
thus explored the potential of LLMs in being able to engage
in such reflective processes, aiming to minimize the incidence
of misinformation and bias [12, 13]. By incorporating com-
plex self-correction algorithms, these advanced models can
limit the propagation of errors in clinical decision support sys-
tems [13]. Furthermore, the implementation of transparent Al
frameworks can contribute to demystifying the “black-box” is-
sue, allowing healthcare professionals to understand and trust
the Al’s reasoning. This transparency, besides building trust,
also enables clinicians to provide input that can guide the Al
towards more accurate and ethically sound decisions.

How LLMs Work

LLMs such as GPT-4 are a phenomenon of modern technology
designed to understand and generate human-like text. At the
core of these models lies a computational framework known as
“deep learning,” a specialized form of Al. The human brain’s
neural networks inspired the concept of deep learning, aiming
to mimic how humans learn from experience and data (Fig. 1)
[1].

Inside LLMs, such as GPT-4, an intricate structure, known
as a “neural network,” consists of layers of interconnected
nodes, or “neurons.” These layers are categorized into three
main types: the input layer, which receives the initial data; the
hidden layers, which process this data; and the output layer,
which produces the final result (Fig. 2). Before LLMs can
generate text or answer questions, they must be trained on a
comprehensive and detailed datasets [1]. Thus, LLMs are re-
peatedly exposed to colossal amounts of text data, from aca-
demic manuscripts, book chapters, fiction, online data, such as
websites and social media posts. This diversity of information
allows the model to comprehend the nuances, details, idioms,
and structures inherent to human language. Therefore, utiliz-
ing sophisticated optimization algorithms, the model learns
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Figure 1. A deep learning neural network structure used in large language models (LLMs), including input, hidden, and output

layers.
and re-learns to adjust internal parameters (often numbering and previous exposure (Fig. 2).
in billions) to better predict the next word in a given sequence After initial training, these models can be further special-
of words. This concept is known as “word prediction.” For in- ized for particular tasks or domains, such as healthcare; this
stance, if the input is “The cat sat on the,” the model might pre- is known as “fine-tuning.” During fine-tuning, the model is
dict the next word to be “mat,” based on its learning patterns trained on a narrower dataset that contains domain-specific in-

Text Generation Process in LLM

01 02 03 04 05 06

User Input Tokenization Embedding Transformer Self-Attention Probability
Initial text is The text is broken Tokens are Layers Mechanism Distribution
provided by the user. down into smaller converted into Vectors are The model focuses A likelihood is
HRIS: numerical vectors. processed through on relevant token calculated for the
transformer layers. relationships. next word.

Figure 2. The process of text generation in large language models (LLMs). User input is tokenized, processed through trans-
former layers, and refined into a probabilistic text output.
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Figure 3. Al-assisted endoscopy compared to traditional endoscopy. Al: artificial intelligence.

formation, in this case: medical textbooks and research papers
and abstracts. This allows the LLMs to generate more accurate
and relevant responses when queried about topics in that spe-
cific field [1]. Another distinguishing feature is their contex-
tual understanding; as opposed to simpler models, LLMs are
not focused solely on individual words but can consider the
surrounding words to generate coherent and contextually ap-
propriate responses. For example, the word “bank” could refer
to a financial institution or the side of a river. The model uses
the context of the surrounding words to decide which meaning
is appropriate.

Current Studies and Data on the Use of LLMs
in Gastroenterology

Although the research on the application of LLMs in gastroen-
terology is still in its nascent stages, there is a growing inter-
est in exploring its massive potential [2]. Recent studies have
focused on the effectiveness of LLMs in providing information
to patients, assisting in symptom assessment, and even aiding
healthcare professionals in decision-making [14]. There is sig-
nificant potential in these models to revolutionize diagnostic
and therapeutic strategies in the field, which is evident by the
ongoing research and projects.

Machine learning models are being developed to predict
disease flares in conditions such as inflammatory bowel dis-
ease, aiding in early intervention and customized treatment
plans [15]. By analyzing a patient’s medical history, genetic

data, and other relevant factors, LLMs can be vital in devising
patient-specific treatment regimens and optimizing therapeutic
outcomes. Al models have shown promising results in classi-
fying and differentiating endoscopic diagnosis hence guiding
clinical decisions (Fig. 3) [16].

Current Studies and Data on the Use of LLMs in
Gastroenterology Surgery

There is a paucity of data regarding the utilization of LLMs in
the realm of gastrointestinal surgery. This gap highlights the
need for further research in this domain. Nevertheless, it is
noteworthy that Al technology, in general, has made consider-
able advancements in the field of surgery, finding successful
applications across various surgical procedures [17]. The in-
tegration of ChatGPT has led to significant breakthroughs in
the field. Moreover, leveraging ChatGPT’s capability to ana-
lyze extensive medical databases can enhance the accuracy of
diagnoses, aiding in the identification of rare conditions and
suggesting pertinent investigations. Additionally, ChatGPT
can contribute to streamlining and enhancing surgical plan-
ning by developing personalized preoperative plans, ensuring
efficiency and safety. Postoperative care and rehabilitation can
also be fortified by delivering tailored recovery guidance and
monitoring patients through ongoing communication and oth-
er enhancements [18]. Recently, the utilization of Al-powered
ChatGPT has seen a rising trend in various applications within
surgery. These include contributing to educational initiatives

42 Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com



Dahiya et al

Gastroenterol Res. 2025;18(2):39-48

for the patients, providing medical care suggestions, and con-
ducting individual case analyses in the context of surgery plan-
ning [19]. These can be extrapolated to gastrointestinal surgery
as well, but it remains an area of further exploration.

General Avenues for Incorporation of LLMs Into
Healthcare

LLMs could be indispensable in assisting physicians with pro-
vision of information on rare diseases, the latest research find-
ings, or treatment guidelines [20]. Less influenced by outside
factors, LLMs can also help prevent the cognitive errors some-
times seen in medicine, such as anchoring bias or availability
bias. Their ability to generate a broad list of differential diag-
noses based on the information gathered by a clinician helps
ensure patients are accurately assessed, and rare diagnoses are
not missed. LLMs’ application in gastroenterology and gas-
trointestinal surgery, and healthcare in general, can extend to
creation of virtual assistants to support patients in healthcare
management by generating concise summaries of patient en-
counters and medical histories optimizing recordkeeping for
healthcare providers.

Documentation and data gathering

Thus, LLMs offer significant potential to enhance the effi-
ciency and accuracy of clinical processes, especially in in-
terpreting clinical notes. With the expansive amount of data
in electronic health records (EHRs), sifting through such ex-
tensive information to extract pertinent details can be time-
consuming for healthcare professionals. LLMs can be trained
to process and understand the intricacies of clinical docu-
mentation, identify key patterns, and extract vital informa-
tion. As a result, they can generate concise summaries from
voluminous clinical notes, highlighting the most relevant and
critical details [21]. This capability ensures that physicians
can rapidly access a synthesized view of a patient’s medi-
cal history, including previous diagnoses, treatments, labora-
tory and imaging results, and other pertinent data. The ability
of LLMs to rapidly review and summarize vast amounts of
medical literature facilitates evidence-based clinical deci-
sion-making. If integrated with EHRs, these Al-powered sys-
tems can alert physicians about potential drug interactions,
recommend relevant guidelines, or suggest diagnostic tests
based on the patient’s symptoms and history (Fig. 4) [22].
As clinical documentation continues to become more oner-
ous for those practicing, LLMs could provide a solution to
help lessen the tedious portions. Their ability to manage data
contextually would allow them to synthesize a focused re-
view of a patient’s chart or listen to a practitioner’s observa-
tions and summarize the critical aspects of an encounter, such
as the details surrounding the symptoms described, working
diagnoses, and possible interventions. By automating certain
aspects of the documentation process, clinicians would expe-
rience a reduced cognitive burden, allowing them to dedicate
more time and attention to their patients [23]. Furthermore,

by rapidly reviewing and summarizing EHRs, LLMs can
assist in identifying potential risk factors, ensuring that no
crucial details are overlooked. This can be particularly ben-
eficial when faced with complex cases where multiple factors
are at play or when a comprehensive overview of a patient’s
history is required to determine the best course of action.

Patient education and communication

LLMs, with their text-simplifying potential, can enhance com-
munication between gastrointestinal physicians and their pa-
tient population [24]. Unlike human experts who are bound
by time restrictions, LLMs are available at all hours, making
them more accessible and allowing for the facilitation of more
relaxed interactions [25]. This feature would be of particular
interest to those who perhaps do not seek medical attention
for conditions they feel are associated with a degree of social
stigma.

LLMs have the potential to enhance patient education
and communication in gastroenterology and gastrointestinal
surgery by simplifying complex medical concepts into more
accessible language. Studies have shown that Al-driven text
simplification can improve patient comprehension of medi-
cal information [25]. Additionally, advanced techniques such
as structured prompt interrogation enable Al to extract and
present relevant medical knowledge in a user-friendly for-
mat [26]. Furthermore, research comparing Al-generated
responses to patient queries with those provided by physi-
cians found that Al responses were often rated higher for
completeness and clarity, though human oversight remains
essential to ensure accuracy and avoid misinformation [27].
These findings suggest that while LLMs can play a valu-
able role in patient education, their implementation should
be carefully monitored to maintain reliability and trust. This
can empower patients to make informed decisions about their
health and better understand their conditions and treatment
options. Similarly, these models can be utilized by medical
students and residents as educational tools to enhance learn-
ing in gastroenterology. For example, LLMs can generate
clinical case simulations for differential diagnosis, assist in
interpreting endoscopic images, provide step-by-step guid-
ance for procedures like colonoscopy and endoscopic retro-
grade cholangiopancreatography (ERCP), and aid in board
exam preparation by summarizing guidelines and generating
practice questions. These applications support interactive
learning, improve diagnostic reasoning, and reinforce proce-
dural knowledge within the specialty [28].

One of the strengths of LLMs is their potential to offer
individualized care by tailoring information and advice to
each patient’s unique circumstances. LLMs could serve as a
preliminary point of contact for patients with gastrointestinal
complaints, offering basic information and/or suggesting when
they should seek medical attention [28]. Al-powered chatbots
and applications can inform patients about their conditions,
treatment options, the importance of compliance with medica-
tions/dietary restrictions, and even provide reminders on when
to take their medication and upcoming appointments. This per-
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Figure 4. Al's role in automating medical documentation. Al listens to physician-patient interactions, transcribes key details,
structures note in EHRs, and assists in clinical decision-making. Al: artificial intelligence; EHRs: electronic health records.

sonalization has the potential to enhance patient engagement
and adherence to treatment plans.

Administrative work

For administrative staff in gastroenterology or gastrointestinal
surgery practices, LLMs may be of value in scheduling, billing
queries, and educating patients with information regarding the
pre-procedural preparation required prior to undergoing endo-
scopic or surgical interventions. LLMs can also serve as an ini-
tial screening tool at telemedicine appointments, gathering basic
patient information and symptoms before a virtual consultation
with a physician. LLMs can provide patients with post-proce-
dural instructions, answer common questions, and guide them
on when to seek help for potential complications [27].

Research

The use of LLMs is not limited to interventional fields, but
across various areas of medical research. One promising av-
enue for future research is integrating LLMs with other natural
language processing tools, such as topic modeling, to iden-
tify relevant research domains and formulate more concise

and targeted research queries. [29] Further exploration might
also delve into LLMs’ utility in the sub-disciplines within gas-
troenterology i.e., hepatology and pancreatic surgery. LLMs
can process vast datasets to identify patterns, correlations, or
trends in gastrointestinal disease prevalence, incidence, and
outcomes, offering insights into disease epidemiology.

LLMs not only have the potential to enhance the health-
care field but also to help further it. By analyzing data from
existing scientific publications, they are able to provide insight
into pertinent issues within specific research sectors, facilitate
drug development, and contribute to advancing scientific ex-
ploration [30]. LLMs can assist in summarizing vast amounts
of research data, providing insights, and suggesting relevant
references [13]. LLMs can be a resource to help summarize
recent research summaries and clinical trial outcomes and pro-
vide updates to existing guidelines in gastroenterology and
gastrointestinal surgery. Researchers in clinical medicine can
use these models for quick literature searches, to brainstorm
research ideas, or to aid in statistical analysis [13]. LLMs have
the potential to function as direct-response search engines,
synthesizing information and providing immediate answers
rather than simply directing users to external sources. This can
enhance efficiency in medical decision-making and patient
education. However, unlike traditional search engines that pre-
sent multiple sources for validation, LLMs generate responses
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based on pre-existing data, which may lack real-time updates
and explicit citations. While this improves accessibility, it also
underscores the need for careful verification of Al-generated
medical information to ensure accuracy and reliability. This
could simplify the research paper writing process by reducing
the tedious task of article hunting and selection. Consequent-
ly, researchers can dedicate more time to their core research
and its methodology. LLM’s ability to sift through extensive
patient data could extend to identifying suitable participants
for clinical trials. In addition to selection, LLMs can use real
patient data to generate simulated control patients that reflect
attributes of the broader population to make clinical trials more
efficient and less costly [13].

Human Oversight

In terms of research, LLMs draw from expansive textual da-
tabases and can synthesize information by identifying patterns
and intersections across multiple sources. This ability enhanc-
es knowledge accessibility and may generate novel insights
through contextualization. However, unlike human research-
ers, LLMs do not independently form hypotheses or conduct
experimental validation, meaning their outputs, while informa-
tive, rely entirely on pre-existing data rather than original dis-
covery [31]. Unlike humans, who derive insights from person-
al experiences, critical thinking, and experimentation, LLMs
generate responses by predicting text based on statistical pat-
terns in pre-existing data. While they can identify correlations
and synthesize information, they lack independent reasoning,
intentionality, and the ability to truly comprehend or innovate
beyond their training data. Consequently, their outputs, though
informative, are extrapolations rather than original insights.

While LLMs can offer valuable assistance, human over-
sight remains indispensable in healthcare. Despite the im-
mense potential of LLMs in aiding healthcare professionals,
they should be leveraged as instruments to complement, not
supplant, human expertise. It is imperative to deeply compre-
hend the dependability, repeatability, and stability of decisions
made by these models, along with their performance indica-
tors, both context-independent and dependent.

Ensuring the accuracy and reliability of information pro-
vided by LLMs is paramount. There is a need for ongoing vali-
dation and calibration to guarantee that the medical advice and
information given aligns with current medical standards by
healthcare professionals. In order to maintain reliability, LLMs
must be updated regularly to ensure the information provided
is based on the latest research and most up-to-date practice
guidelines. Additionally, LLMs should be programmed to rec-
ognize when a situation requires human intervention, ensuring
that patients receive the appropriate level of care.

Ethical Implications

The rapid integration of LLMs into healthcare has been met
with enthusiasm and caution. While the transformative poten-
tial of LLMs is broad, from aiding in clinical decision-making

to impacting whole fields such as surgical oncology, their use
raises a host of ethical concerns [32]. Data privacy and the
possibility of re-identification, even after data anonymization,
are pressing issues [33]. While this presents challenges for Al
learning systems, privacy-preserving techniques such as feder-
ated learning, differential privacy, and synthetic data can help
mitigate risks. These approaches enable models to improve
without directly accessing or storing sensitive patient informa-
tion, balancing Al advancement with regulatory compliance
and ethical considerations. There is growing concern about the
amplification of biases, particularly in clinical phenotyping,
where state-of-the-art LLMs have been found to underdiag-
nose vulnerable intersectional subpopulations [34]. For exam-
ple, Al-driven dermatology models have shown reduced accu-
racy in diagnosing skin conditions in patients with darker skin
tones [35]. Similarly, cardiovascular risk prediction algorithms
have underestimated risk in Black patients, and some gastroin-
testinal (GI) symptom analysis models have exhibited gender
bias, leading to potential disparities in care [36, 37]. Address-
ing these biases is critical to ensuring Al models contribute to
equitable healthcare delivery.

Another ethical challenge is the issue of informed consent.
While Al is already embedded in many medical technologies,
its role in direct clinical decision-making and patient commu-
nication raises unique ethical considerations. Patients may not
need explicit consent for Al-driven imaging enhancements,
but when LLMs influence diagnostic decisions or provide
medical guidance, transparency is essential. Informing pa-
tients about Al’s role in their care helps maintain trust, ensures
accountability, and clarifies the boundaries between human
and Al-driven decision-making. The role of LLMs in clinical
decision-making is also under scrutiny. While Al can assist
healthcare professionals by enhancing diagnostics, streamlin-
ing workflows, and reducing errors, it is not yet capable of
fully replacing human expertise in complex medical decision-
making. Al lacks contextual understanding, ethical reasoning,
and accountability, which are essential factors in patient care.
Rather than replacing physicians, Al should complement hu-
man judgment, ensuring that clinical decisions integrate both
data-driven insights and patient-centered considerations (Fig.
5). The commercialization of LLMs raises questions about
transparency and potential conflicts of interest. The inter-mix-
ing of medical advice and advertising is a growing concern.
Ethical education for healthcare professionals is also being ad-
vocated to help providers navigate these complex ethical land-
scapes. The future of LLMs in healthcare necessitates a close
partnership between the medical community and Al develop-
ers, emphasizing the need for technological advancements ad-
herent to the highest moral and ethical values.

Legislation and Regulation

It is crucial to mention that while these advancements bring
immense potential, as mentioned above, challenges such as
data privacy, model interpretability, clinical validation, and
ethical considerations are bound to arise. As LLMs are inte-
grated into healthcare, legislation and regulation will play a
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Figure 5. The “black box dilemma” in Al models. While LLMs generate responses based on learned patterns, their decision-
making pathways remain opaque, making interpretability a challenge in clinical applications. Al: artificial intelligence; LLMs: large

language models.

key role in balancing patient safety, data privacy, and ethical
Al use. While guidelines can help standardize Al implemen-
tation and mitigate risks, overly rigid regulations may hinder
innovation and delay the adoption of beneficial advancements.
The current Food and Drug Administration (FDA) approval
process for medical software can take months to years, while
Al models evolve rapidly, raising concerns about whether
traditional regulatory frameworks can keep pace. A dynamic
regulatory approach may be needed to ensure both safety and
continuous innovation in Al-driven healthcare [38]. Collabora-
tion between technologists, clinicians, and researchers will be
essential to harness the potential of LLMs in gastroenterology
and gastrointestinal surgery.

Future Strategies

The future of LLMs in gastroenterology and gastrointestinal
surgery may involve the development of more specialized
models fine-tuned for these realms. Collaborative strategies
combining the strengths of LLMs with human expertise will

likely become more prevalent. Future strategies should explore
multiple approaches to Al integration in healthcare, including
developing specialized models, enhancing generalized Al sys-
tems, and fostering interdisciplinary collaboration. Integrating
Al with human medical professionals remains a key pathway
to optimizing patient care, but progress will be multifaceted,
requiring a combination of targeted advancements and broad
adaptability.

Conclusions

The integration of large LLMs in gastroenterology and gastro-
intestinal surgery offers significant potential but also presents
challenges. While LLMs can enhance personalized care and
medical research, their opaque decision-making, risk of gen-
erating inaccurate information, and potential biases limit reli-
ability. Human expertise remains essential for nuanced judg-
ment, accountability, and ethical considerations. To maximize
benefits, Al should complement rather than replace clinicians,
with efforts focused on improving model transparency, rigor-
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ous validation, and responsible regulation. Striking a balance
between innovation and oversight is key to ensuring Al con-
tributes to safer, more effective patient care.
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