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ABSTRACT

Generative artificial intelligence (Al), particularly large language
models (LLMs), such as ChatGPT, is transforming healthcare by of-
fering novel ways to synthesize and communicate medical knowledge.
This development is especially relevant in cardiology, as patient edu-
cation, clinical decision-making, and administrative workflows play
pivotal roles in this area. ChatGPT, originally built on GPT-3 and refined
into GPT-4, can simplify complex cardiology literature, translate tech-
nical explanations into plain language, and address questions across
different linguistic backgrounds. Studies show that although ChatGPT
demonstrates considerable promise in performing text-based
tasks—ranging from passing portions of the European Exam in Core
Cardiology to creating patient-friendly educational materials—its
inability to interpret images remains a major limitation. Meanwhile,
concerns around false information, data bias, and ethical issues
highlight the need for careful oversight. Future directions include
integrating LLMs with computer-vision modules for image-based di-
agnostics and combining unstructured patient data to improve risk
prediction and phenotyping. Social-media research suggests that
chatbots sometimes provide more-empathetic responses than do
physicians, underscoring both their potential advantages and com-
plexities. LLM-based tools can also generate letters for insurance prior
authorizations or appeals, helping reduce administrative burden. New
multimodal approaches, such as ChatGPT Vision, have the potential to
enable direct image processing, although clinical validation of this
function is yet to be established. The judicious integration of ChatGPT
and other LLMs into cardiology requires ongoing validation, robust
regulatory frameworks, and strong ethical guidelines to ensure patient
privacy, avoid misinformation, and promote equitable healthcare de-
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RESUME

Lintelligence artificielle (IA) générative, en particulier les grands
modéles de langage (LLM) tels que ChatGPT, transforme les soins de
santé en offrant de nouveaux moyens de synthétiser et de communi-
quer les connaissances médicales. Ceci est particulierement pertinent
en cardiologie, ol I'éducation des patients, la prise de décision clinique
et les flux de travail administratifs jouent un réle central. ChatGPT,
basé a l'origine sur GPT-3 et affiné dans GPT-4, peut simplifier la
littérature complexe en cardiologie, traduire des explications tech-
niques en langage clair et répondre a des questions provenant de
différents contextes linguistiques. Les études montrent que si ChatGPT
démontre un potentiel trés prometteur pour les taches basées sur le
texte - qui vont de la réussite de certaines parties de I'examen euro-
péen de cardiologie de base a la création de matériel éducatif
accessible aux patients - son incapacité a interpréter les images reste
une limitation majeure. Par ailleurs, les inquiétudes concernant les
renseignements faux, les biais de données et les questions éthiques
soulignent la nécessité d’une supervision attentive. Les orientations
futures comprennent I'intégration des LLM avec des modules de vision
par ordinateur pour les diagnostics basés sur I'image et la combinai-
son de données non structurées sur les patients pour améliorer la
prédiction des risques et le phénotypage. Les recherches sur les
médias sociaux suggérent que les agents conversationnels peuvent
parfois fournir des réponses plus empathiques que les médecins,
révélant des opportunités et les complications inhérentes. Pour les
taches administratives, les outils basés sur les LLM peuvent générer
des lettres pour les demandes d’autorisation préalable ou des appels,
contribuant ainsi a réduire la charge administrative. De nouvelles
approches multimodales, telles que « ChatGPT Vision », pourraient a

Cardiovascular healthcare involves intricate diagnostic evalua-
tions, extensive patient education, and substantial administra-
tive demands. Recent advances in generative Al—particularly
large language models (LLMs)—promise to address many of
these challenges. ChatGPT (OpenAl, San Francisco, CA) ex-
emplifies how LLMs can generate human-like responses by
recognizing patterns across billions of text tokens from online
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livery. This review aims to provide a primer on LLMs for cardiovascular
professionals, summarizing key applications, current limitations, and
prospects in this rapidly evolving field of digital health.

sources. Released in late 2022, ChatGPT quickly captured the
public’s attention for its ability to engage in a conversational
question an(% answer session, correct mistakes, and recall prior
interactions.

Although ChatGPT and other LLMs offer transformative
potential, they also present notable shortcomings. The process
of directly interpreting medical images, such as electrocar-
diograms (ECGs) and echocardiograms, in their raw form,’
has limitations, and the images can occasionally present
“hallucinations”—that is, false information. Moreover,
healthcare professionals must ensure patient privacy when
inputting data into third-party Al systems.” This article pro-
vides a primer on ChatGPT and other LLMs, focusing spe-
cifically on their applications, limitations, and ethical
implications in cardiovascular medicine. The goal of the
article is to introduce cardiovascular professionals to the po-
tential use of LLMs in their field.

Generative Al and How LLMs Work

Generative Al uses machine-learning architectures that
produce new content—text, audio, or images—Dby analyzing
patterns from large datasets.” LLMs within this category
specialize in generating text based on context learned during
training.”

A breakthrough came with the introduction of transformer
architecture, which processes text in parallel (rather than
sequentially, as did older recurrent neural networks).® This
innovation, referred to as “self-attention,” allows the model to
weigh the relevance of different words or tokens in the same
input, dramatically increasing both accuracy and training
efficiency.

Figure 1 illustrates how LLMs tokenize an input sentence
and apply attention layers to predict the most-plausible next
token. ChatGPT initially was powered by GPT-3, which had
175 billion parameters.” Subsequent refinements and the
incorporation of human feedback led to GPT-3.5, and then
GPT-4, with enhanced reasoning capabilities.” Notably,
GPT-4 remains primarily a text-based model that cannot
interpret raw images.’

Other LLMs in Healthcare

Although ChatGPT’s popularity has propelled it to the
forefront, multiple other LLMs are poised to influence
healthcare, such as the following:

e Med-PaLM 2 (Google)—a variant of PaLM 2 fine-
tuned for medical tasks, alleged to perform well on
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I'avenir permettre un traitement direct des images, bien que la vali-
dation clinique reste a établir. En fin de compte, I'intégration judicieuse
de ChatGPT et d’autres LLM en cardiologie nécessitera une validation
continue, des cadres réglementaires solides et des lignes directrices
éthiques strictes pour garantir la confidentialité des patients, éviter la
désinformation et promouvoir une prestation de soins de santé
équitable. Cette étude a pour but de fournir aux professionnels de la
santé cardiovasculaire une introduction aux LLM, en résumant les
applications clés, les limites actuelles et les perspectives dans ce
domaine de la santé numérique qui évolue rapidement.

the tasks of clinical reasoning and question
answeringq;

e Llama 2 (Meta)—an open-source LLM available for
research and commercial use, offerin% customization
for specific domains (eg, cardiology)1 ; and

o Claude (Anthropic)—a model that focuses on “safer”
outputs by limiting harmful or hallucinated text,
potentially reducing misinformation.

Comparative studies are ongoing, but these alternative
models share a similar transformer backbone and can be fine-
tuned for use in specific medical specialties.

Applications in Cardiovascular Medicine (Fig. 2)

Simplifying medical literature and patient education

Medical literature frequently exceeds the average reading
and comprehension level of adults,'' including those with
lower socioeconomic status. ChatGPT can convert complex
cardiology texts—such as guidelines on heart failure or cardiac
catheterization—into plain language without omitting essen-
tial content.'”'” Such simplified explanations can enhance
patient health literacy, potentially improving adherence and
outcomes.

ChatGPT’s ability to provide patient-centred education
has been studied for chronic conditions such as heart failure,
showing that patients with limited baseline health knowledge
might benefit from ChatGPT’s clear, step-by-step in-
structions.”” In a study evaluating ChatGPT’s responses to
atrial fibrillation queries, the chatbot delivered at least partially
correct information 98.4% of the time,'® suggesting that it
can be a valuable supplement to care—though human veri-
fication remains paramount.

Performance on specialty examinations within the field
of medicine

LLMs have demonstrated a range of scores on medical
exams. GPT-3.5 fell below the passing threshold on general
practitioner examinations.'” By contrast, GPT-4 either nearly
reached or exceeded the passing level on the European Exam
in Core Cardiology (EECC) for text-only questions.”'”
However, once image-based questions were included (eg,
ECG2 interpretation), ChatGPT scored below the passing
level.

For echocardiography boards, GPT-4 has shown limited
success, with a correct rate hovering around 50%-55%—
underscoring the dependence on text-based prompts rather
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Figure 1. An overview of a large language model (LLM) framework. info, information.

. . . . 16 ..
than use of direct image interpretation.'” Although promising,
these findings reveal that LLMs still lack a complete skill set
for comprehensive clinical evaluations in cardiology.

Role in imaging

Cardiovascular imaging is essential for diagnosis, prognosis,
and management. At present, standard LLMs such as GPT-4
cannot “see” images. Nonetheless, some authors have tested
GPT-4’s ability to interpret ECG findings (Fig. 3) when all
relevant waveforms and intervals are described painstakingly
in text form.”° In these contrived scenarios, GPT-4 sometimes
matched or exceeded the performance of human cardiologists
in answering multiple-choice questions. Yet, the model re-
mains reliant on the human user to identify and accurately
encode the ECG details.”!

Ongoing research seeks to integrate LLMs with computer
vision modules, such as ChatGPT Vision, to bridge between
text-based reasoning and raw image interpretation. If suc-
cessful, LLMs could eventually autonomously interpret
echocardiograms or nuclear imaging studies; however, the
technology has not yet reached that point.””

Patient communication and social-media forums

Increasingly, patients are seekinig medical advice
through online forums or social media.” One study found
that an Al-driven chatbot sometimes provided more
empathetic responses than physicians responding on a
Reddit forum, potentially impacting patient satisfaction.””
However, the probability of the chatbot providing misin-
formation or incomplete guidance remains high if no
clinician moderates the interaction. In cardiology, an area
in which nuanced risk—benefit discussions are common,
careful design and oversight of such chatbot platforms are
crucial.

Cohort phenotyping and risk prediction

Another frontier for LLMs is patient cohort phenoty-
ping—that is, identifying subsets of patients who are at higher
risk for adverse outcomes by analyzing unstructured text from
electronic health records. Preliminary studies suggest that
LLMs can detect patterns associated with heart failure or
myocardial infarction, offering the potential for earlier in-
terventions.”’ With further development, LLMs might deliver
predictive analytics for readmissions or complications,
althou%l real-world trials addressing this possibility remain

3
sparse.

Reducing administrative burden

Paperwork and prior-authorization letters occupy a signif-
icant portion of clinicians’ time, often contributing to
burnout.”” LLM-driven tools can automatically draft appeals
for insurance denials, request letters for coverage of novel
therapies, or discharge summaries in plain English.28 Dox-
imity, for example, integrated ChatGPT in a beta-tool that
streamlines digital faxing.”” This development potentially can
free cardiovascular specialists to focus on direct patient care
while minimizing clerical tasks.

ChatGPT vision for cardiologists

In September 2023, OpenAl introduced an update—
“ChatGPT can now see, hear, and speak”—expanding
ChatGPT’s multimodal capabilities to analyze certain image-
based inputs.’” Although the new module, ChatGPT Vision,
allows the model to interpret and describe basic visual con-
tent, its performance in specialized clinical imaging—such as
ECG waveforms, echocardiography clips, or nuclear
scans—remains untested. Although one might hope that use
of ChatGPT Vision would reduce reliance on text-based
prompts for describing images, in a cardiology setting, it
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Figure 2. An overview of applications in healthcare using Al and large language models (LLMs).

poses several unique challenges. No regulatory authority has
approved this technology for clinical cardiac imaging anal-
ysis, and uploading patient images raises concerns about
privacy and identifiable information, demanding robust de-
identification and secure data handling. Interpreting subtle
waveform findings or dynamic imaging such as echocardio-
gram loops may exceed the model’s current capacity, and
randomized trials or prospective real-world evaluations are
needed to establish the clinical utility and safety of model
use.

If ChatGPT Vision evolves to handle complex cardiac
imaging, it could theoretically assist in triage or flag gross
abnormalities to aid clinicians working under time constraints.
However, at this juncture, such capabilities remain specula-
tive. As with other areas of LLM deployment, thorough
validation and human oversight are crucial to ensure patient

safety.

Ethical Considerations: Hallucinations, Bias, and
Privacy

LLMs can produce “hallucinations”—plausible-sounding
but entirely incorrect statements or references.”’ This

phenomenon arises because the model is trained to predict the
next-most-likely token, not necessarily the most-truthful to-
ken. Verification by a knowledgeable human is essential,
especially in high-stakes contexts such as cardiology.””

Bias in training data also looms large. If the model’s
training set underrepresents certain ethnicitdes or includes
biased text, it may produce systematically skewed results.’
Privacy concerns likewise demand attention. Ubploading
patient-identifiable data to third-party servers can violate the
Health Insurance Portability and Accountability Act (HIPAA)
or other local privacy laws unless robust means of de-
identification and gathering consent are in place.

Moreover, advanced cardiac care can involve ethically
complex decisions—for instance, the deactivation of
implantable cardioverter-defibrillators when patients are near
the end-oflife stage.”””* Although an LLM can supply
educational scripts, genuine empathic communication and
shared decision-making remain the physician’s domain.

Regulatory bodies, including the World Health Organi-
zation, have begun issuing guidance for Al governance in
healthcare, urging robust validation, transparent oversight,
and user training.”” These frameworks are crucial to deploying
LLMs responsibly in cardiovascular practice.
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Is this ECG normal?

This diagram represents a simplified schematic of an ECG (electrocardiogram) waveform
with labeled parameters such as R amplitude, T amplitude, QT interval, QRS duration, P
duration, and RR interval. While it does not represent an actual clinical ECG tracing but
rather an educational diagram, | can make general comments about whether the

measurements seem within a normal range.

Normal ECG Parameters:

1. P duration: Usually <120 ms (3 small squares on a standard ECG).
QRS duration: Normally <120 ms.

QT interval: Varies with heart rate but typically <440 ms in men and <460 ms in
women (corrected QT, QTc).

RR interval: Determines heart rate; normal resting heart rate is 60-100 beats per

minute.

ST junction (STJ): Should be isoelectric (at the baseline).

From the diagram, there doesn't appear to be any obvious abnormality. However, this
conclusion is limited since it lacks actual patient data or context (e.g., rhythm

abnormalities, axis deviations, or changes in the waveform).

For a definitive assessment, | recommend reviewing a real patient ECG or sharing clinical
details. If you'd like further analysis or details about what might constitute abnormalities in
ECG findings, let me know!

Figure 3. Electrocardiogram (ECG) interpretation by ChatGPT Vision. STJ, sinotubular junction.

Future Directions

Next-generation models may incorporate multimodal ca-
pabilities, allowing direct analysis of ECG tracings, echocar-
diograms, coronary angiograms, nuclear imaging, and
magnetic resonance imaging scans, thereby broadening their
role in cardiology diagnostics. Integrating LLMs with elec-
tronic health record systems could facilitate real-time risk
prediction, generation of personalized reminders, and
advanced cohort phenotyping. Prospective clinical trials, clear
regulatory pathways, and continuing refinement of ethical
guidelines are essential to ensuring safe implementation of
such measures.

Research priorities include the following:

(i) conducting prospective testing in cardiology—evaluating
LLM performance in real-world workflows, such as
triage, patient counselling, and medication reconciliation;

(ii) enhancing vision—language models—developing special-
ized Al systems that interpret images and generate clini-
cally contextualized text;

(iii) addressing misinformation—creating internal “fact-
checking” layers or medical knowledge graphs that reduce
the incidence of “hallucinations”; and

(iv) conducting implementation science—developing under-
standing of how LLMs influence clinician workflow,
patient satisfaction, and health outcomes, and adapting
them accordingly.
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Conclusion

ChatGPT and similar LLMs hold promise for cardiovas-
cular professionals, offering new avenues for patient educa-
tion, administrative efficiency, and potential support in
clinical reasoning—particularly for instances in which text-
based solutions suffice. However, current models lack robust
image-interpretation  skills, can “hallucinate” convincing
misinformation, and risk amplifying biases. The recent
expansion into ChatGPT Vision highlights the technology’s
trajectory toward multimodal analysis, but practical cardiology
applications remain unvalidated. Overcoming these limita-
tions requires collaborative efforts by clinicians, Al researchers,
and policymakers, to establish rigorous validation, ethical
guardrails, and responsible deployment. With application of
measured optimism and careful oversight regarding their
development, LLMs could evolve into valuable partners in the
delivery of high-quality cardiology care.
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