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ABSTRACT

Ambient Al scribes are reshaping clinical documentation and clinician-patient interactions. These tools
were initially tested in low-acuity ambulatory settings. However, their deployment in diverse care
settings raises new challenges. This perspective examines the clinical, technical, and ethical implications
of ambient Al scribes in diverse settings. With thoughtful integration, ambient Al scribes can evolve into
valuable assistive tools to clinicians. Responsible use of these tools can improve interactions with
patients, enhance safety, reduce clinician burden, and improve care continuity.

BACKGROUND

Ambient intelligence refers to a digital environment that is aware of, adapts to, and interacts with
individuals.! It combines user-centred interfaces capable of remote sensing, listening, interpreting, and
performing tasks. The emergence of large language models (LLMs) has dramatically transformed the
ambient listening landscape in healthcare. One of the most promising applications is the ambient
artificial intelligence (Al) scribe, which has shifted how clinical documentation is generated. Ambient Al
scribes are voice-enabled Al tools capable of recording, transcribing and summarizing patient-physician
conversations. In ambulatory care, physicians devote excessive time to electronic health record (EHR)
documentation??, often extending their workday by several hours. The time spent on documentation
beyond usual business hours is commonly referred to as “pyjama time”.* This administrative burden is
directly linked to clinician burnout.> Ambient Al scribes aim to alleviate this burden by passively
capturing and transcribing healthcare professional-patient conversations in real time, thereby reducing
documentation workload, enhancing clinicians” attention to the patient, and improving the overall
quality of records.® Additional benefits may come as new features of ambient technology takes shape,
including the ability to facilitate ordering, identification of discrepancies in the EHR, support decision
making, and reduce coding burden.

The adoption of LLM-based ambient documentation tools has rapidly expanded in outpatient and
primary care settings. Early studies report promising outcomes, including reductions in total EHR usage,
time spent on notes, and after-hours documentation without compromising patient safety, experience,
or documentation quality.>”® However, these findings are inconsistent. Other investigations suggests no
significant improvements in provider productivity or patient experience, highlighting variability in
performance across clinical settings and possibly individual scribing tools.>°

In this perspective, we examine the challenges and potential opportunities of integrating ambient scribes
into diverse healthcare settings, with a focus on in-patient, high acuity, pre- and out-of-hospital, and low-
resource settings. We discuss workflow specific, technical, and ethical considerations and propose
strategies for responsible and context-aware implementation.

The Current State of Ambient Scribes
Recent studies across ambulatory and specialty care settings demonstrate variable time savings after

ambient scribe implementation, with benefits varying between organisations and individual clinicians.
Mass General Brigham observed modest but consistent improvements, with median total EHR time



reduced by 5.6 minutes per appointment, with the biggest gains in specialty practices and heavy EHR
users.? In contrast, Permanente Medical Group’s implementation, the largest to date, revealed minimal
time savings of only 18 seconds per appointment compared to non-users.!! In contrast, Intermountain
Health's matched cohort study reported no statistically significant productivity gains.'? This
heterogeneity may be explained by study design—related factors, including variation in the types of
ambient Al scribes evaluated, insufficient sample sizes, and the absence of standardized protocols for
outcome measurement. To facilitate cross-study interpretation, several practical reporting signals have
emerged in recent work, such as clinician edit burden (time spent revising drafts or the share requiring
substantial changes) and source attribution/provenance (linking key assertions to diarized speakers/time
stamps).”1314

In contrast to time metrics, consistent improvements have been observed in clinician well-being and
patient interaction quality. Significant reductions in burnout scores, mental effort and cognitive load was
observed across different studies.”!> Notably, clinicians spend nearly a third of visit time looking at their
monitor for documentation.® Scribe technology is fundamentally reshaping the clinician-patient
dynamic; potentially supporting increased eye contact, active listening, and empathy that paradoxically
makes clinical visits more human via technological assistance. Patient experience also appears enhanced,
with the Permanente Medical Group reporting that 84% of clinicians felt ambient scribes had a positive
impact on visit interactions, and 56% of patients reporting a positive impact on visit quality.!! Overall,
while time savings vary, the most consistent value proposition for ambient scribes lies in reduced
cognitive load, enhanced patient engagement, and clinician well-being. This collectively translates into
potential improved quality of care, greater clinician satisfaction and retention, and a more sustainable
healthcare workforce. However, questions about long-term sustainability, uniform benefit among

clinicians, potential liability risks, and optimal implementation strategies remain.'”*®

Primary care is particularly well suited for ambient Al scribe use considering its documentation-intensive
nature and large administrative burden. The 2022 International Health Policy Survey by the
Commonwealth Fund revealed a global crisis in primary care, with increasing workloads, widespread
burnout, and alarming workforce shortages across 10 high-income countries.'® In the UK, 75% of
younger general practitioners described their work as very or extremely stressful, the highest among
surveyed nations. In 2023, Canada experienced a record number of unfilled primary care residency
positions alongside a growing exodus of providers.?’ These were driven in part by the high administrative
burden in this complex and multifaceted field.?! Primary care physicians often encounter patients with
multiple comorbidities, generating significant documentation demands, making it a prime candidate for
support from ambient Al scribes. While comprehensive data on their use remains limited, early evidence
suggests that these tools had one of the highest perceived impacts on primary care physicians through a
perceived reduction of administrative burden and documentation time, enabling clinicians to dedicate
more attention to patient care.®?

The Expanding Role of Ambient Scribes

High Acuity Settings



The existing literature has concentrated primarily on ambient Al scribes within low-acuity ambulatory
environments that are often quieter, more structured, and involve more predictable workflows making
them more conducive to consistent audio capture and transcription.?>*® In contrast, high-acuity
environments, such as emergency departments (EDs), intensive care units (ICUs), and operating theatres
(OTs) are defined by their noisy, dynamic, and clamant nature. Such settings raise the stakes for timely
and accurate documentation, where lapses can carry serious clinical and medico-legal consequences.?*?*
Furthermore, documentation requirements and scope of practice in these complex clinical settings
differs significantly from low-acuity structured ambulatory environments?>%’, which may affect the utility
of ambient scribe tools therein. High-acuity practice settings require bi-directional, real-time clinical data
exchange, without limiting the location or number of simultaneous users.?® It is unknown if the benefits
observed in ambulatory settings translate to such environments. Future deployment may require
evaluating physician fit, workflow adaptation, and exam-room or hardware needs as ambient solutions
mature. Current tools are also limited in their ability to integrate prior patient history into generated
notes.

Emergency Department

Vendors have begun marketing ambient scribe solutions specifically for ED workflows?® while their use
and evidence in critical care and inpatient settings remains limited. Capturing the interactions of
multidisciplinary teams, dealing with repeated interruption, and interference from noisy environments
remain significant technical barriers.!

Critical Care Units and Operating Theatres

Despite these limitations, ambient intelligence is not new in critical care or surgery. Ambient intelligence
can prevent data fatigue and support clinician workflow by filtering high-value, context-specific
information from EHRs, as demonstrated by Mayo Clinic’s ICU system.! Sensors coupled with computer
vision are capable of automated identification of clinically important bedside clinical actions such as ICU
preventive bundle elements and patient mobilization.?® Ambient scribe technology introduces an
additional data stream that could improve the completeness and richness of captured clinical
information.

Pre-hospital Care

Pre-hospital care is typically delivered by emergency medical services (EMS), such as paramedics,
emergency medical technicians, firefighters, and police officers. Care in the pre-hospital environment is
often highly acute but differs greatly from the ED or ICU setting. Effective pre-hospital care can
significantly improve patient outcomes.*® Accurate and time-sensitive information captured by ambient
intelligence technology could be passively captured by devices attached to EMS personnel and instantly
relayed to hospitals or trauma centers during emergency transfers. Another opportunity is the utilization
of ambient scribes to document information provided by the public when calling emergency
communication centers for emergency assistance, providing real-time, detailed documentation to EMS
while enroute, ensuring continuity of care between the public, EMS, and hospital staff. We acknowledge



the lack of integration with hospital EHR systems pose practical limitations to maximizing the utility of
EMS documentation and ambient intelligence technology.

Virtual Care Settings

Beyond traditional clinical environments, ambient Al scribes are increasingly relevant in virtual
healthcare settings, such as remote patient monitoring and virtual home care, which have expanded
rapidly due to telemedicine's growth. In virtual consultations, clinicians face the dual challenge of
managing both the visual and verbal components of patient interaction alongside accurate and timely
documentation. Ambient scribes integrated into telehealth platforms can capture conversational data in
real-time without disrupting the flow of patient-provider interaction, thus enhancing clinicians’ attention
to clinical nuances rather than note-taking. In addition, these systems facilitate comprehensive
documentation of teleconsultations, which can often become fragmented due to technology-related
distractions or the absence of dedicated medical scribes. The ability to automatically generate structured
clinical notes directly from remote audio feeds supports continuity of care by providing rich,
standardized data for follow-up or multidisciplinary review across different providers and settings.
Moreover, ambient scribes can be configured to recognize and flag critical clinical terms or alerts during
virtual visits, which can potentially improve patient safety by prompting clinicians to focus on urgent
findings even in the absence of in-person cues. Policymakers and healthcare organizations must address
ethical considerations unique to virtual care and telehealth settings, such as ensuring patient privacy in
crowded or home environments, and obtaining explicit informed consent for the use of Al tools such as
scribes in virtual care settings.

Low- and Middle-Income Countries

Ambient Al scribes hold considerable promise for transforming healthcare documentation, especially in
low-resource settings where healthcare systems face unique challenges such as limited infrastructure, a
lack of medical training facilities, workforce shortages, and linguistic diversity. In these environments,
ambient Al scribes can relieve overextended healthcare professionals, allowing them to dedicate more
time to direct patient care.!3132 By automating the documentation process in busy outpatient clinics or
emergency wards in extremely low-resource settings, ambient Al scribes can help improve data accuracy
and completeness, which are frequently compromised due to high patient volumes and low physician-to-
population ratio. According to the World Health Organization, there will be an estimated global shortfall
of 11 million health workers by 2030, with the greatest burden concentrated in low- and middle-income
countries (LMICs).3 In these contexts, the integration of ambient scribes holds considerable potential to
mitigate the impact of workforce shortages and strengthen healthcare delivery capacity.

The capability of ambient scribes to adapt to multiple local languages and dialects through customized
natural language processing models also addresses significant communication barriers that commonly
impair clinical documentation quality, particularly in LMICs where multiple local languages and dialects
are spoken interchangeably during a conversation. While training a model on every distinct language or
dialect within a country is not practical, focusing on the key languages spoken across a nation may
improve documentation completeness and accuracy. For example, Papua New Guinea has the most living
languages spoken among any country with over 840 different languages. Three to six principal languages



are spoken throughout, with their distribution generally determined by geography and demographic
factors, including age. An ambient scribe trained on this subgroup of languages could improve healthcare
communication between this unique language composition.

Crucially, the low-resource context often involves intermittent or unreliable internet connectivity.
Therefore, ambient scribe systems designed with on-device or edge-computing capabilities ensure
continuous functionality without dependency on cloud connectivity, which is indispensable for
consistent record-keeping and clinical decision support. It is important to note that patient privacy
protections may be particularly vulnerable in LMICs, where legal, regulatory, and technical frameworks
remain underdeveloped. In addition to infrastructural gaps, limited digital literacy and low awareness of
data-protection requirements further amplify the risk of privacy violations. Leveraging ambient scribe
technology thoughtfully will allow healthcare systems in resource-constrained and virtual contexts to
enhance documentation quality, optimize clinician workflow, and ultimately improve patient outcomes.

Patient Outcomes and Experience

Studies of ambient scribes have mainly focused on clinician efficiency, well-being, time savings, and
costs, with no evidence yet of improved clinical or patient-centered outcomes. While identifying
potential errors and improving documentation completeness—particularly in high-acuity or time
sensitive environments—might lead to reduced errors, reduced harm, and improved outcomes, this
remains to be proven. Further research is needed. Conversely, patient experience represents a
measurable and pertinent outcome as well, especially in consideration of clinician undivided attention
during an appointment.

Challenges to Scaling and Implementation
Workflow Integration and Social Context

While one-on-one conversations between clinicians and patients are transcribed well, the integration of
data from multiple sources asynchronously and source attribution currently prove challenging for an Al
scribe.’ Current Al scribe solutions struggle to integrate information across multiple source systems
because of limited interoperability with disparate platforms and electronic health record systems.
Another concern is “note bloat”, medical records that become excessively long or redundant, may occur
when Al scribe systems capture excess verbatim without sufficient summarization.” Whilst reducing the
documentation burden during the clinical encounter, this phenomenon may increase the duration
clinicians spend reviewing prior documented clinical notes compared to traditional dictated summaries.
Downstream workflow inefficiencies may arise when Al-generated clinical notes contain excessive non-
essential information due to inadequate summarization. Such issues may stem from poorly optimized
user prompts or from limitations in the Al scribe’s clinical contextual understanding. However, increased
note length is not unique to Al ambient scribes.3* Innovations such as personal microphones trained to
identify the specific voice signature of the provider may allow for multiple providers to input data into
the same Al model, with only one combined summary is produced. However, resultant workflow
changes would require evaluation. Many Al scribe solutions include additional plug-in functionalities,
such as pre-visit note generation. Similarly, lengthy Al-generated briefs may potentially distract



clinicians, rather than highlight critical information during pre-visit preparation. Whether these features
enhance or hinder effective use of Al scribe solution ultimately depends on the performance of
individual features, and effective technical orchestration of the full solution.

Integrating data across time presents another challenge. Unlike ambulatory settings where the patient
usually encounters the provider once, in high acuity, pre-hospital, and low-resource settings, patients
often have multiple shorter touch points, resulting in repeated documentation in the same day. Having
to reengage the ambient scribe multiple times can reduce efficiency. However, the tool might also help
to ameliorate the effect of having to recall patient details over several hours with other patients seen in
the interval. A tool that can refer to existing documentation to generate context relevant notes would be
ideal for such situations. Finally, clinicians, paramedics, and other healthcare staff often use jargon,
acronyms, and shorthand that is unique to their clinical setting, profession, and social context. Ambient
scribes need to adapt to local vernacular by contextual training and customization.

Evaluation Challenges

Existing evaluation frameworks for ambient Al scribes are largely designed for outpatient environments
and focus on linguistic accuracy or physician satisfaction. These are insufficient for many diverse care
settings where minor errors or omissions can have serious consequences. High-quality domain-specific
benchmarks®> which incorporate accuracy, clinical relevance, and potential for harm are urgently
needed. Moreover, study designs that randomize clinicians to use or not use Al scribes will naturally
result in the Hawthorne effect, limiting their ability to measure accuracy outcomes. Conversely, studies
that recruit clinicians for survey feedback may result in a bias towards early adopters.

The lack of harmonized governance standards and clinically aligned evaluation benchmarks limit cross-
study comparison and slows evidence-based adoption. A systematic review of Al-powered
documentation tools used in healthcare examined 11 studies and found diverse spread of evaluation
tools used for documentation quality.® These range from expert opinion Likert scale to semi-
guantitative scales such as the Physician Documentation Quality Instrument (PDQI-9) tool. Efforts to
develop international consensus for technical performance, documentation quality, patient safety, and
ethical compliance are needed to accelerate progress. Measurement considerations that have gained
traction include diarization-aware provenance, burden of clinician edits, documentation quality, and
subgroup-sensitive reliability.1437:38

Consensus guidelines and checklists can be laid out by experts and academics on the expected accuracy
and testing approaches in each individual setting. These would lay the foundations for organisations to
decide on whether each individual scribe is adoptable by conducting a guided evaluation and being
aware of the metrics to be measured. Examples include the SCRIBE evaluation framework* and
Stanford’s MedHelm? collection of evaluation datasets for note summary. In addition, it is important to
acknowledge that substantial differences exist between in silico contexts and the clinical environment.*
Translational trials that include a silent testing phase, wherein a model’s performance is evaluated
prospectively in its clinical context without impacting patient care or workflow as the model output is
not shown to end-users, may be warranted as part of the evaluation process before full
implementation.*"4?



International multi-centre collaboration is needed more than ever as the equity gap widens between
high- and low-resource organizations, and to uncover potential biases across different geographical
regions and practice settings. Organizations should work together to facilitate knowledge exchange,
highlight the challenges learned by early adopters, promote technological advancements, and
standardized implementation strategies and clear guidelines for ambient scribe integration in different
settings including high acuity workflow environments. These metrics could be compared pre- and post-
implementation of LLM evaluators to provide a measure of effectiveness. These metrics are important to
monitor and tailor for each setting considering their unique workflows.

Technical Challenges: Audio differentiating and sensitivity

High acuity and pre-hospital settings present acoustic challenges. Noise coming from alarms, code
announcements, multiple speakers, vehicle traffic, and proximity of patients threatens to compromise
ambient scribe effectiveness and accuracy. Variables like these have not been fully evaluated in
simulated or real-world settings, potentially exposing patients to unforeseen risks and additional clerical
work for providers to edit unorganized and artifact-injected scribe notes. Even in a quiet and controlled
environment available Al scribe products are unable to consistently identify or distinguish between
multiple speakers. Additionally, most products record using a single recording device, like the physician’s
phone. Emergency situations can easily involve simultaneous conversations between multiple physicians,
and allied health staff, and patient companions, limiting the ability of a single device to accurately
capture and distinguish all conversations and their relevance to the clinical scenario.

Ambient scribes that can differentiate amongst relevant and irrelevant sounds would clear the path for
widespread implementation by incorporation of voice recognition in addition to identification and
exclusion of irrelevant content. While usual omni directional microphones can be very sensitive, other
kinds of microphones with different polar patterns, specifically figure of 8, might allow for the ambient
scribe to accurately pick up the conversation between a single provider and patient pair, while not
picking up other noises. Portable, high-fidelity hardware may be necessary for successful
implementation, with most systems being exclusively targeted at specific mobile operating systems such
as iOS or Android. Testing in various environments would be highly valuable for the field as Al scribes
expand into new use cases, operating systems, and settings.

Nuanced patient history, pertinent social history, pre-hospital event details, and contextual factors are
often filtered out by currently available technologies.*® In acute situations these details are critical to the
downstream care decisions when a patient transitions from one high acuity setting to another, step-
down to a general in-patient care, or discharge. In low-resource settings a patient’s history may be
completely undocumented but highly relevant to the current medical situation.

Ethical and Regulatory Considerations
Various ethical concerns and regulatory conundrums have surfaced following deployment of ambient Al

scribes in clinical environments. Many ethical considerations common to the use of generative Al or
LLMs in other contexts, such as model bias and automation bias; hallucinations and potential for



misinformation; lack of transparency in training data; as well as the legal constructs and implications of
liability when errors occur.** Within clinical workflows, ethical conundrums extend beyond this to include
transparency, privacy, fairness, and accountability. Interestingly, these tools are branded as “ambient”,
giving the impression that they are passive and perhaps misguiding as it does not clearly inform patients
that their conversations are recorded and saved, often in cloud infrastructure outside the organization’s
EHR.

Data Retention, Security, and Governance

Ambient scribing tools may generate multiple data artifacts beyond the finalized clinical note. These
include raw audio recordings and conversation transcripts, as well as draft outputs, prompts entered by
users and provenance logs. However, governance of these data streams is often unspecified. Formal
guidance have been developed in some countries, for example, the NHS England has provided a
guidance to the use of Al-enabled ambient scribing products. In the absence of explicit guidance, health
systems need to define what to retain, duration of retention and access controls, with clear distinction
between transient processing data and records incorporated into the medical records that are legally
binding. For example, raw audio and intermediate transcripts may be deleted after clinician verification,
while finalized notes and minimal provenance metadata are retained to support auditability and dispute
resolution in accordance with medical record retention requirements and data protection laws.

Beyond local data and cybersecurity governance, cross-border governance further complicate
deployment, as cloud-based processing introduces multi-vendor data handling chains and expands
cyberattack surfaces. Security and governance frameworks will need to specify role-based access and
restrictions, data encryption, and establish breach response protocols. When sensitive patient
information are processed or stored across jurisdictions, clear contractual agreements are needed
between vendors and health systems to mitigate risks associated with cross-border data flows.

Model Bias and Automation Bias

LLM-based systems have been shown to reproduce if not amplify biases present in the training data sets.
Underrepresented groups may be excluded or misunderstood if ambient Al scribes are not trained on
diverse linguistic patterns, accents, and dialects. Unfortunately, proprietary models rarely reveal their
training and validation data for bias and fairness analysis.?” If clinicians are exhibiting automation bias,
displaying excessive trust of the tool, the issue could be further compounded. This may be more likely in
high-pressure and fast-paced environments. Cautious evaluation is required by adopters of the
technology to avoid perpetration of these biases. Future analyses should also include a qualitative
component to elicit the experiences of physicians and patients with the Al scribe based on
sociodemographic features. Physician—patient communication is often of poorer quality for patients of
underrepresented backgrounds, creating potential gaps in outcomes.

Transparency and Regulatory Oversight

There is ongoing uncertainty regarding how ambient Al scribes should be classified within current
regulatory frameworks, particularly whether they meet the criteria of medical devices. Pure transcription



tools are less likely to influence clinical decision making and hence unlikely to be considered medical
devices.* Tools such as ambient Al scribes which are capable of summarization and decision support,
however, do have the potential to alter what and how information is communicated and influence
clinical decision-making, which raises important questions about oversight, safety standards, and
accountability. The National Health Services (NHS) is the first to release a guidance on the use of Al-
enabled ambient scribing products in health and care settings, suggesting that Ambient Al scribes with
summarization capability require regulatory scrutiny.** Regulatory frameworks such as the European
Union’s Medical Device Regulation and US Food and Drug Administration’s Software as a Medical Device
(SaMD) have yet to provide clear, harmonized guidance on classification and risk categorization.®

Patient Privacy and Consent

Significant privacy risk is introduced with passive recording of clinical encounters. Introducing a third-
party vendor with access to stored encounter audio and text may cause concern by patients and
clinicians about who has access to that information. As previously mentioned, the question of patient
awareness that these devices are recording is not fully understood. Further, patients may not wish to
have sensitive conversations recorded, such as those regarding genetic counselling, sexual and
reproductive health, substance abuse, domestic violence, crime, and personal values. Studies in clinical
ethics and early adopter reports suggest that automatic ambient recording may not always be
appropriate in such contexts: Patients may feel inhibited in their disclosures, or intimidated to ask their
provider to pause the device, if Al is recording the full conversation in the background, potentially
undermining the trust and openness needed for high-quality care.*” Protocols should define when
ambient listening is appropriate, ensure patients are informed and provide consent to recording, and
establish alternative processes for those who decline, ensuring their care remains timely and
unaffected.*®

In jurisdictions requiring two-party consent, the use of ambient scribes must be disclosed and agreed
upon explicitly. In ambulatory settings, verbal consent that allows recording of the consultation for
ambient scribe usage may be sought. However, this is often impractical in situations where patients are
unable to provide informed consent, such as being unconscious or cognitively impaired.

Fairness and Inclusion

Other major ethical concerns include bias, fairness and inclusion in Ambient Al scribe outputs. LLM-
based systems applied to healthcare tasks have been shown to propagate and perpetuate biases in their
outputs.®” If the underlying models were not trained on a diverse range of patient populations and
dialects, the scribe may systematically misinterpret or omit content for certain groups. Scrutiny of
training data may provide insights on the limits of LLM models.

Liability and Accountability
It remains unclear whether the clinician, institution, or Al developer is responsible for documentation

errors when ambient scribes are used. Hence institutions must define accountability structures and
ensure clinicians carefully review generated text. Additionally, vendors should design systems that



encourage review and validation of documentation and make the provenance of information
transparent. *° Audit trails and real-time monitoring will be essential.

Institutions are discouraged from creating dual documentation. It remains unclear whether the audio
recordings and transcription existing within the tool represent such “shadow” records, Raising potential
conflicts between versions and complicating compliance.**

Responsible Scaling of Ambient Al Scribes
Validation Across Settings

Despite sharing many similarities, high acuity settings are extremely diverse across organizations, varying
by location, physical layout, staffing capabilities, local resources, and patient type.>®! These differences
may impact the effectiveness and safety profile of ambient Al scribes. Implementation planning, user
engagement, and post-deployment monitoring is critical to success and risk management under different
settings. Testing of proprietary models across different practice settings should be conducted with the
goal of ensuring fairness across different patient demographics.

Currently available, proprietary Al scribes are not easy to adopt or adapt to dynamic user workflows that
vary between settings. Early user engagement to tailor interfaces, workflows, and outputs to the realities
of clinical practice are necessary. Adaptive training and feedback loops between users and developers
will be essential in refining these tools.

Monitoring and Governance

Monitoring in practice encompasses performance, equity, and instances of ‘unsafe acceptance’ - the
uncorrected use of a scribe-generated element in pre-identified reduced-reliability contexts later judged
incorrect, incomplete, or misleading.}*373%>2 Continued monitoring of performance drift and unintended
adverse events is a critical step in ensuring safety of full-scale implementation, however current
evaluation methods are heavily reliant on human expert evaluation are not scalable. One potential
strategy to circumvent this limitation is to train LLM-based evaluators to assess correctness, relevance,
faithfulness, task completion, etc. within each high-acuity speciality to augment expert review. LLM
evaluators could flag notes for manual inspection when issues are identified. Such tools need to be
tailored to context, undergo regular retraining on new data, and overseen by interdisciplinary
governance bodies.

Addressing the Challenges

The adoption of ambient Al scribes within clinical practice introduces a broad spectrum of technical,
operational, ethical, and equity-related challenges. Figure 1 summarizes current and proposed
applications, challenges to implementation, ethical and regulatory concerns. Their integration thus
requires comprehensive and systematic approach to ensure safety and effectiveness. From a technical
perspective, issues such as ambient noise interference, errors in speaker attribution, limited multilingual
support, and hardware or network instability substantially affect transcription accuracy. Operational



challenges are compounded by fragmented clinical workflows, variable documentation practices, and
repeated use, necessitating site-specific adaptation which tends to counteract efforts toward
standardization and scalability.
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Figure 1: Application settings of ambient Al scribes, challenges to implementation, evaluation, and ethics,
potential benefits, and next steps to ensure safe and trustworthy adoption. Created by Stephanie C.
Bernthal, M.S.

The evaluation of these systems is further complicated by a lack of robust, validated metrics for
measuring their performance in clinical use, safety, and reliability. Frameworks such as those highlighted
in Figure 2 may not include the review of unnecessary verbose documentation, or the inclusion of
irrelevant information from conversations. The phenomenon of “note bloat”, coupled with undetected
hallucinated content may result in a progressive degradation in the quality of clinical documents. Health
systems should consider including qualitative metrics that captures conciseness usability of documents,
beyond simply time savings.

Meanwhile the absence of formalized standards for real-time monitoring hinders the necessary
continuous quality assurance — adding ethical and regulatory complexities to include ambiguity
surrounding SaMD classification, legal liability concern, automation bias, and necessary protection of
patient privacy. As it stands, ensuring the equitable implementation of Al scribes remains a significant
issue, given that data disparities and differences in technological infrastructure pose substantial
obstacles to widespread, inclusive adoption, particularly in under-resourced healthcare environments.

Given the speed of adoption, scalable evaluation and monitoring frameworks for ambient Al scribes in
clinical applications is critically needed. Conventional validation approaches, such as small-scale pilot
studies or retrospective reviews, are insufficient to capture the dynamic and evolving nature of these



systems. For this reason, innovative frameworks have emerged (Figure 2). One example is the SCRIBE
framework that incorporates human, automated, and LLM evaluators, coupled with simulation testing to
assess multiple criteria.!* CRAFT-MD, is another scenario-based evaluation framework utilizing an Al-
agent in the loop.3® This allows model performance to be tested under controlled, clinically relevant
contexts that mimic real-world variability.

FRAMEWORK KEY FEATURES APPLICABILITY EXISTING GAPS
SCRIBE Human + LLM evaluator mix, High for multiple Needs more LMIC evaluation

simulations settings

MEDHELM Benchmark datasets for note High for research !.IITIIted 'real-world
summary integration
Scenario-based Al-in-the- Early stage, needs wider

CRAFT-MD Cepiating Strong for acute care L
Implementation outcomes Strong for deployment Doesn’t directly assess
(reach, adoption, etc.) evaluation linguistic accuracy

Figure 2: Evaluation and monitoring frameworks for ambient Al scribes, their key features, applicability in
practice, and existing gaps. Created by Stephanie C. Bernthal, M.S.

Beyond validating performance, the systematic use of implementation frameworks supports the
effective integration of ambient scribes across diverse clinical environments. Implementation science
toolkits, such as the Reach, Efficacy, Adoption, Implementation, and Maintenance (RE-AIM) developed by
Glasgow, Vogt, and Boles and the Implementation Outcomes Framework from Proctor and colleagues
are some examples that can be used .>>>* Regardless of how ambient scribes are evaluated or
implemented, understanding the context in which these tools will be used, who are the end-users, and
the nuances of each environment will limit the potential for patient harm, clinician burden, ethical
issues, and liability concerns.

Finally, ambient scribing may have important implications for medical education. Core components of
clinical reasoning, synthesis and reflection may be reduced through partial automation brought about by
ambient scribing. For trainees and medical residents, increasing reliance on Al-generated drafting could
limit opportunities to develop skills in clinical summarization and assessment if notes are accepted
uncritically. To mitigate this risk, medical education may encompass tiered approaches whereby trainees
are required to independently generate clinical documents without the aid of Al tools (Al-free phase)
before they are allowed to use Al aids.

Conclusion

Ambient Al scribes hold promise in transforming clinical documentation and relieving cognitive and
administrative burden as an assistive tool to clinicians. Yet, their success under different care setting
hinges not just on technical sophistication but on ethical design, inclusive evaluation, and governance
clarity. To address these challenges, stakeholders must adopt a systems-level approach grounded in



contextual validation, inclusive design, and robust governance. With knowledge of current limitations
and careful integration, ambient Al scribes can evolve from passive transcription tools into trusted
partners in the delivery of complex care across all care settings.
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