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Abstract

Artificial intelligence (Al) is being rapidly implemented across healthcare to address the dual crises of clinical
documentation burden and information overload. This review synthesizes evidence from 58 key studies to map the
landscape of Al's role in clinical and scientific communication. While generative AI and ambient scribe
technologies demonstrate significant efficiency gains—reducing documentation time by up to 40%—this efficacy
is offset by critical challenges in accuracy, with word error rates ranging from <10% to >50%. Persistent risks
of factual hallucination, algorithmic bias, and data insecurity, along with regulatory uncertainty, necessitate a
robust governance strategy. We present a "Human-in-the-Loop" (HITL) framework, arguing that the primary role
of clinicians and medical writers is evolving from content generation to high-level validation and strategic
curation. This paper provides a roadmap for healthcare leaders and researchers to integrate Al responsibly,
ensuring that technological innovation enhances, rather than compromises, patient safety and scientific integrity.
Keywords: artificial intelligence, machine learning, generative Al, natural language processing, medical
writing, scientific writing
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I. Introduction:

The Dual Crises of Documentation Burden and Information Overload

Modern healthcare operates under the weight of two compounding pressures: an escalating
administrative burden and an exponential growth in the scientific and medical data. The clinical note, once a
fundamental tool for concise medical record-keeping, has devolved into a primary contributor to professional
burnout, its complexity often driven by billing requirements and legal defensiveness rather than optimal clinical
utility (29). This phenomenon of "note bloat" significantly consumes a clinician's day, diverts attention from direct
patient care, and is a recognized driver of dissatisfaction across medical professions.

On the other hand, the scientific and drug development landscape is experiencing an information deluge.
The cost and complexity of pharmaceutical research and development continue to rise (11), while the sheer
volume of published data makes it nearly impossible for clinicians and researchers to remain current. This creates
a critical bottleneck, not just in clinical practice, but in the translation of research into effective therapies (11, 12).

Within this challenging environment, artificial intelligence [specifically generative Al and large
language models (LLMs)] has been introduced as a transformative force. Its adoption by health systems has been
swift, with ambient clinical documentation tools achieving a 100% adoption rate among surveyed organizations
(5). This technology's application spans numerous medical specialties, from dentistry (1) and orthopaedic surgery
(6) to cardiology (7, 54), oncology (13), urology (22), and paediatrics (8, 26). The overarching goal is clear: to
leverage Al to automate administrative tasks, streamline inefficient workflows, and free human experts to focus
on higher-value work. However, this rapid, utility-driven deployment has outpaced the development of essential
governance mechanism, thereby creating an urgent need for a framework to guide its responsible integration.

II.  Methods And Literature Search
This study is a narrative review based on a systematic search of the literature.

Search Strategy and Selection Criteria A systematic search was conducted in the PubMed database to
identify relevant literature. The search was designed to capture articles focusing on the application of Al, machine
learning, or natural language processing to the fields of medical, scientific, or clinical writing and documentation
within a healthcare or pharmaceutical context. The full, detailed search string is provided in the Appendix.

The inclusion criteria for this review were: (a) articles published in English between January 1, 2000,
and March 31, 2026; and (b) articles whose primary focus was the application, performance, or ethical/regulatory
implications of Al in communication tasks such as clinical documentation, medical writing, or scientific
publication. Exclusion criteria included: (a) articles where Al was used purely for diagnostic image analysis
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without a documentation or reporting component; (b) articles focused solely on pre-clinical drug discovery
mechanisms; and (c) non-English publications.

The initial search results were screened by title and abstract for relevance. The full text of potentially
eligible articles was then reviewed against the inclusion and exclusion criteria. This process resulted in the final
cohort of 58 publications that form the evidence base for this review.

Thematic Analysis A thematic analysis of the 58 sources was conducted to identify and categorize key
findings. Primary themes included: (a) scope and nature of Al applications; (b) quantified benefits and
performance metrics; (c) challenges and barriers to implementation; and (d) proposed ethical and regulatory
frameworks. The findings were then synthesized to construct the framework presented herein.

III.  Results
Al is Augmentation Across the Healthcare Ecosystem

The application of Al in healthcare communication can be broadly categorized into three major domains:
clinical documentation, scientific and research writing, and regulatory or administrative writing. The
comprehensive scope of these applications, alongside their cited benefits and challenges, is summarized in Table
1.

Automating the Clinical Record The most mature use of Al is in tackling the documentation burden.
Ambient scribe technologies that listen to patient-clinician conversations and automatically generate clinical notes
are at the forefront of this wave (5, 48). Studies show these tools are being implemented to generate encounter
notes, create discharge summaries, and streamline complex EHR workflows (3, 16, 29). The impact is felt across
diverse clinical settings, including outpatient primary care (38), acute care nursing (16, 27), and specialized
contexts like epilepsy clinics (25).

Enhancing Scientific and Regulatory Writing In research and development, LLMs are increasingly
used to accelerate literature reviews, assist in drafting manuscript sections, refine language, and ensure
consistency (21, 32, 42). This has been shown to be valuable in summarizing literature for clinical trial planning
and interpreting free-text narratives from trial data (12). In regulatory writing, specialized models have been
developed to produce documents like medication guides (10), while in drug development, LLMs assist across the
lifecycle (11).

Major Challenges / Risks
Cited
Ambient Scribing, Reduced documentation Factual inaccuracies
Automated Discharge |time, decreased clinician | ("hallucinations"), high word | (2), (16), (29),
Summaries, Real-time | burnout, improved note error rates, patient privacy  [(48), (56), (58)
Note Generation quality concerns, algorithmic bias

Application Domain Specific Examples Key Benefits Cited Key Citations

Clinical Documentation

Literature

. . Accelerated content Risk to critical thinking skills,
Summarization, First

Scientific Writing & . creation, rapid synthesis | failure in citation/referencing, |(12), (18), (21),
Draft Generation, . . .
Research of evidence, consistency potential for undetectable (31), (40), (42)
Language & Style checkin, lagiarism
Editing g plag
Generation of Regulatory Streamlined
. : Procedural errors (e.g.,
Regulatory & Documents (e.g., administrative . o
.. . (. e . . . incorrect billing codes), need (10), (51)
Administrative Writing |medication guides), Prior | workflows, consistency . ; .
e ) for domain-specific fine-tuning
Authorization Letters with templates

Table 1: Spectrum of AI Applications in Healthcare Communication and Associated Challenges. The table summarizes the
primary domains where Al is being applied, the major benefits reported in the literature, and the most significant challenges and
risks that must be managed.

The Efficacy-Accuracy Trade-off: A Quantitative Look at AI Performance

While the promise of Al is rooted in its potential to deliver enhanced efficiency, the synthesized evidence
reveals a critical and often variable trade-off between speed and accuracy that mandates careful management.

Compelling Gains in Efficiency The data on efficiency gains are compelling. A scoping review of
LLMs in clinical documentation reported that implementation could lead to time savings of up to 40% (16). In a
head-to-head randomized crossover trial comparing two commercial ambient scribe products, the more effective
tool saved clinicians an additional 3.19 minutes of documentation time per day, and both products were associated
with a reduction in burnout scores (56). In a mixed-methods trial, both patients and staff reported positive
experiences with an ambient scribe, noting an enhancement in the quality of the clinical note (58). These findings
quantify the intuitive appeal of Al: it can automate tedious work, reduce administrative burden, and potentially
mitigate the drivers of burnout.

The Persistent Challenge of Accuracy Conversely, this efficiency comes with a significant caveat: the
reliability of Al-generated content is highly variable and context-dependent. A systematic review of Al-based
speech recognition for clinical documentation found that while Word Error Rates (WER) could be as low as 8.7%
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in controlled, quiet environments, they escalated to over 50% in settings with background noise or conversational
speech (2). This variability means that the quality of an Al-generated note can be unpredictable. In one trial, only
58% of notes generated by an ambient scribe were accepted by clinicians without any modification, indicating
that nearly half required human correction (58).

This accuracy challenge extends to more complex reasoning tasks. When tested on administrative and
clinical questions in chronic venous disease management, ChatGPT-4 answered complex questions correctly only
75% of the time, while the earlier 3.5 model was correct only 45% of the time (36). In a study of Al-generated
prior authorization letters, while the vast majority were free of outright false statements, they included the correct
ICD-10 code in only 79.3% of cases and cited valid, verifiable references in only 93.1% of the time (51). This
evidence collectively demonstrates that while Al can produce a plausible first draft, it cannot be trusted to be
factually or procedurally perfect.

Barriers, Risks, and the Trust Deficit

The gap between Al's potential and its current reality is defined by a series of technical, financial, and
ethical barriers that hinder widespread, trust-based adoption.

Technical and Financial Hurdles Even as health systems rush to adopt Al, a 2025 survey revealed that
leaders see the immaturity of available tools as the single greatest barrier to adoption (77%), followed by financial
concerns about the cost of implementation (47%) and pervasive uncertainty about the regulatory landscape (40%)
(5). Integrating these tools seamlessly into existing EHR systems remains a major challenge (3), and without
effective integration, Al applications risk becoming yet another siloed system that adds to, rather than subtracts
from, workflow complexity.

The Ethical Dimensions of Al in Healthcare Beyond the technical challenges lies a more profound set
of ethical issues that must be addressed for responsible implementation. The literature converges around four key
domains of ethical concern (48):

1. Patient Safety: The risk of "hallucinations" or factual inaccuracies in Al outputs is not a theoretical problem.
An incorrect dosage, a missed allergy, or a flawed clinical summary can have direct, severe consequences for
patient care. The documented variability in accuracy (2, 51) makes safety the foremost ethical consideration.

2. Algorithmic Bias: Al models are trained on existing data, and if that data reflects historical biases in care
delivery, the model will learn and perpetuate those biases. This can lead to Al systems that perform less
accurately for certain demographic groups, exacerbating health inequities.

3.Data Privacy and Security: The use of Al, particularly cloud-based LLMs, requires the transmission of
sensitive patient data. This creates significant privacy concerns and new vectors for security threats. The risk
of "data poisoning," where an attacker can intentionally corrupt a model's performance by injecting a small
number of malicious data samples, is a potent threat that is difficult to detect (44).

4.Equity and Access: There is a significant risk of an "Al digital divide," where well-resourced health systems
can afford to implement these efficiency-boosting tools, while lower-resource organizations are left behind,
further straining their limited resources. This has led to calls for federal investment in "hub-and-spoke"
networks to ensure equitable access and build local capacity (37).

The Human-in-the-Loop Imperative: A Framework for Responsible Al Integration

The evidence is clear: while Al presents a compelling solution for the efficiency crisis in healthcare
communication (16, 56), its current technological limitations present unacceptable risks if deployed without
robust human oversight. The uncritical adoption of tools that are prone to factual hallucination (9, 14, 22), variable
accuracy (2, 51), and a fundamental lack of nuanced clinical reasoning (36, 38) would be a dereliction of
professional duty. We propose a "Human-in-the-Loop" (HITL) framework—visually represented in Figure 1—
as an essential governance model for any healthcare organization implementing these technologies.

Feedback and \
Refinement Loop

A .
8@ y
=
Human Al Created Validation Accountability Transparency
_Expert Raw Draft Qiuar Pillar PiLLar/
Directing Al Verified
Rigorous Iterative Human Expert Review Document

Figure 1: The Human-in-the-Loop (HITL) Conceptual Framework for Responsible AI Integration
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The HITL framework is built on three mutually reinforcing pillars:

1. The First Pillar: Rigorous Validation as an Essential Human Firewall The core justification for the HITL
model is the extensive, quantified evidence of Al's fallibility. The Validation pillar posits that every piece of Al-
generated content must be treated as a raw, unverified output. This validation process must be more than a cursory
proofread; it is a professional, intellectual activity that involves factual verification against source data, contextual
and clinical reconciliation, and active detection of potential algorithmic bias. Implementing this pillar requires a
fundamental re-engineering of workflows, where the human expert performs the critical-thinking tasks of
verification and refinement. Formal audit processes, modelled after clinical trial principles, may be necessary to
ensure this validation is occurring consistently (30).

2. The Second Pillar: Unwavering Professional and Legal Accountability The principle of accountability is
the ethical bedrock of medicine and science. There is an overwhelming consensus in the literature that Al, as a
non-sentient tool, cannot hold responsibility (15, 33). The Accountability pillar of our framework asserts that
legal liability for a clinical decision and professional responsibility for the integrity of a scientific publication
remain entirely with the human agents involved. This has several key dimensions: clinical and legal liability for
errors rests with the supervising clinician (53); scientific integrity for a publication rests with the human authors
(18); and institutional governance is required to create a culture of responsible oversight (24).

3. The Third Pillar: Proactive Transparency to Build Trust Trust is the currency of healthcare and scientific
research. The Transparency pillar mandates clear and honest disclosure about the use of Al In scientific
publishing, this is a matter of methodological rigor, analogous to reporting software used for statistical analysis
(31). In the clinical encounter, it is an ethical imperative to inform patients and gain consent for the use of ambient
scribes or other Al tools that process their data (48). This aligns with the top-down consensus from regulatory and
professional bodies that Al tools cannot be "black boxes" in healthcare (14, 15).

Perspective: The Evolving Role of the Human Expert

The observations presented in this review paints a clear and deeply paradoxical picture. Al offers a
powerful solution to the documentation burden (29, 56), but its current limitations in accuracy (2, 51) and
reasoning (9, 38) create an inescapable tension. The HITL framework resolves this by arguing that the time saved
on drafting must be reinvested into a new, more intensive process of human validation. This reframes the role of
the expert human not as a mere user of a tool, but as the essential governor of its output.

This has profound implications for professional identity. The core competencies are evolving away from
the manual labour of content generation and toward the higher-order cognitive tasks of critical appraisal, strategic
curation, and ethical oversight. The most valuable skill in an Al-augmented future is not the ability to write, but
the ability to expertly discern when an Al's writing is wrong. This professional evolution must be supported by a
parallel evolution in training. The uncritical use of Al tools risks creating a generation of students with
underdeveloped critical thinking skills (40). It is therefore imperative that educational institutions develop new
curricula focused on the principles of ethical Al use and the practical skills of the HITL workflow, a need strongly
echoed by clinicians in the field (42).

IV.  Limitations

This review has several limitations that warrant consideration. Firstly, it is based on a specific,
reproducible search of the PubMed database. While systematic, this approach may not have captured relevant
literature from other databases, preprint servers, or grey literature. Secondly, the term "AI" is exceptionally broad,
encompassing a heterogeneous collection of technologies (36, 49, 56). Aggregating findings may mask important
differences between specific tools. Thirdly, there is a potential for publication bias, which could lead to an
overestimation of benefits in the published literature. Finally, the field of generative Al is evolving at an
unprecedented pace (31). This review represents a snapshot in time, and the capabilities and risks of Al will
continue to change.

V.  Conclusion

Artificial intelligence presents a powerful, perhaps essential, solution to the administrative burdens that
plague modern healthcare. The evidence shows that these tools can deliver significant and meaningful gains in
efficiency. However, this potential is tethered to substantial risks in accuracy, equity, and ethics. The path to
responsible integration does not involve choosing between innovation and safety; it requires architecting a system
where they support each other. A human-centric framework of Validation, Accountability, and Transparency is the
cornerstone of such a system. By embracing the evolution of their roles and championing these principles,
clinicians, writers, and healthcare leaders can harness the power of Al to build a more efficient, effective, and
trustworthy future for healthcare communication.
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