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List of terms and abbreviations

Al Artificial intelligence

HITL Human-In-The-Loop

HLEG High-Level Expert Group (HLEG) EU

FDA U.S. Food and Drug Administration

CE Conformité Européeenne (European Conformity)
ML Machine learning

GAI Generative Al

LLM Large Language Model
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1 Executive summary

This document offers a comprehensive overview of the ethics of Human-in-the-Loop (HITL) Al in
medicine, highlighting that the concept is based on a range of diverging assumptions about who
the ‘human’ is or should be, what roles they have, and what they will be able to accomplish.
Application of HITL in medical contexts

Studies highlight the risks associated with using Al in medical settings and illustrate the widely held
belief that HITL is a necessary condition for managing risks when using Al to support medical
decision-making. The literature suggests that HITL is particularly critical in high-stakes medical
decisions, such as cancer treatment planning and pediatric care, where errors can have severe
consequences. Stakeholders, including patients and the general public, confirmed that HITL is
viewed as an essential approach towards implementing Al responsibly.

Human roles and responsibilities

In various articles, HITL is presented as an alternative to fully autonomous Al systems in medicine,
where medical professionals are kept in the loop instead of being replaced by Al. Medical
oversight in HITL frameworks often involves validating or refining Al-generated outcomes; yet,
medical oversight does not need to be limited to validating Al-generated outcomes, as they can be
involved as medical officers guiding institutions and companies to target the most relevant and
topical clinical decision-making tools, act as consultants providing continuous supervision to Al
bodies, and supervise Al tools in practice to prevent medical errors. Many authors have high
expectations and assumptions about what such human oversight by medical professionals could
offer. It was stated that medical professionals could improve Al’s safety and quality, ensure that
Al-driven insights are clinically meaningful, ethically sound, and contextually appropriate, and
identify biases and shortcomings of Al, such as hallucinations. Additionally, there is a call for
expanding multidisciplinary involvement to include ethicists, Al developers, and patients to ensure
oversight.

Conceptual ambiguity

When referring to HITL, authors may mean different things: some describe humans who simply
verify Al outputs in clinical contexts, others refer to their participation in various stages of Al
development and implementation, while some refer to maintaining control at all times. This
indicates that HITL lacks a universally agreed-upon definition in the context of medical Al. A
problem that challenges reaching a consensus on HITL is that it is not only difficult to determine
the appropriate level of oversight, but also that there is a gap between how HITL is interpreted in
the technical literature and discussions on Al governance and ethics. Technically, it is often framed
as human oversight aimed at improving system performance, training, and error mitigation.
Ethically, HITL emphasizes the preservation of human autonomy and control in clinical decision-
making. Since such a discrepancy can significantly affect the meaning of human requirements and
control in HITL approaches, it is crucial to clarify the term, also in relation to other related
concepts such as Human-Centered Al (HAI).
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Further ethical and practical considerations
Several ethical and practical considerations are mentioned when discussing effective HITL

implementation:

Explainability: For humans to effectively oversee Al, it may be necessary to provide
transparent and interpretable outputs, enabling human involvement in decision-making
processes.

New human competencies: The evolving nature of Al can demand new competencies from
healthcare professionals to interact effectively with Al tools.

Limits of human oversight: Continuous monitoring of Al outputs can lead to human fatigue
or an increased risk of errors. Moreover, human oversight does not always lead to better
outcomes, as humans can have an automation bias, confirmation bias, or override a
correct Al system.

Removing humans from the loop or humans being ‘near’ the loop: Whether there are
medical settings in which humans can be removed from the loop or be “near” it instead of
being fully in the loop, still needs to be determined and may be considered when medical
expertise or control is less valuable or not needed for differentiating Al errors.

In summary, while HITL is widely recognized as essential for safe, ethical, and effective Al

integration in healthcare, its practical realization requires clearer conceptualization, a robust

practical framework, and multidisciplinary collaboration to overcome current limitations and

ensure responsible deployment.
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2 Introduction

Artificial Intelligence (Al) systems are increasingly developed for medical purposes and are gradually
implemented in various clinical contexts, achieving notable success in image classification.
(Rajpurkar et al., 2022) Given the accelerating rate at which FDA (Benjamens et al., 2020) and CE
(Muehlematter et al., 2021) approvals are provided for Al-based medical systems, it seems likely
that Al will be adopted more widely in medicine in the coming years. At the same time, the use of
medical Al systems in medical practice remains challenging, particularly given the severe risks and
ethical concerns associated with their use. (Rajpurkar et al., 2022) Recently, a new case of previously
undetected harmful bias was, for instance, found in one of the most cited Al models used to scan
chest x-rays for diseases, signalling that it doesn’t accurately detect potentially life-threatening
diseases in marginalized groups, including women and Black people (Ortega, 2025; Yang et al., 2025)

Considering the risks associated with medical Al systems, several authors and guidelines have
argued that human oversight and monitoring play a critical role in their use. (Commission, 2024;
Guidance, 2021; Morandin-Ahuerma, 2023) In the Ethics Guidelines for Trustworthy Al, the EU High-
Level Expert Group (HLEG) on Artificial Intelligence has stated that “human oversight helps ensuring
that an Al system does not undermine human autonomy or causes other adverse effects.” (HLEG,
2019) One prominent approach to human oversight is to employ human-in-the-loop (HITL). HITL is
a term used to describe two different processes: 1) it refers to a semi-automatic annotation
approach (Chen et al., 2023), 2) it is more broadly applied in medical contexts for “crucial decisions
[that] must be subject to human control instead of being processed fully automatically” (Salloch &
Eriksen, 2024) or, as the HLEG formulates, “the capability for human intervention in every decision
cycle of the system.” (HLEG, 2019)

Even though HITL is often described as a desirable and likely way forward when implementing
medical Al (Jotterand & Bosco, 2020; Rajpurkar et al., 2022), the approach has received criticism for
being overly broad and providing insufficient grounding for determining what kind of oversight is
required. Haselager et al. (2024), for example, maintain that “a human in the loop does not ensure
that effective human oversight will be exerted to the extent required for moral and legal
responsibility. Rather, humans might end up being ‘under’ the loop, merely playing a symbolic role
by providing formal ‘stamps of approval’ without genuine reflection.” (Haselager et al., 2024)
Similarly, Santoni de Sio and Van den Hoven argue that ‘being in the loop’ is insufficient for
maintaining control over an activity, proposing that Meaningful Human Control (MHC) is a more
suitable approach to ensuring human oversight. (Santoni de Sio & Van den Hoven, 2018)
Additionally, Salloch and Eriksen (2024) flag that the ‘human factor’ remains too vague in HITL and
that it remains to be determined which humans need to be in control in medical contexts. (Salloch
& Eriksen, 2024) Even the HLEG states that HITL, as having the ability to intervene in every decision
cycle, is “in many cases (..) neither possible nor desirable.”” (HLEG, 2019)
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Despite this ongoing debate, to our knowledge, no comprehensive overview of the ways in which
HITL is used in the academic discourse in medicine exists. Such an overview is a valuable contribution
to the academic literature, as it provides insights into assumptions about HITL, the humans and Al
systems involved, which is helpful for formulating more precise guidance and provisions for human
oversight over Al in medical decision-making.

3 Methods

For this overview, we employed scoping review methodology to investigate how the term ‘Human-
in-the-Loop’ is applied in the literature on Al in medical decision-making and what kind of human
oversight is considered desirable. Scoping reviews are particularly suited for emerging topics where
there is still ambiguity about how the topic is conceptualized and addressed.(lenca et al., 2018;
Munn et al., 2018) Furthermore, unlike a systematic review which typically focus on evaluating
specific interventions or clinical practices, scoping reviews are more appropriate for exploring how
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particular concepts are employed across the literature. This approach allows for a comprehensive
mapping of concept usage rather than a narrow focus on outcomes or efficacy of medical
treatments or practices (Munn et al., 2018)

On May 20, 2025, we performed a literature search using four databases (Embase, Scopus, Web of
Science, and PubMed) to retrieve eligible publications. We searched title, abstract, keywords and
complete publications for the terms: ("Human-in-the-Loop" OR “HITL” OR “in-the-loop” OR “in the
loop”) AND (“Al” OR “Artificial Intelligence” OR “machine learning” OR “ML” OR “deep learning” OR
“DL” OR “decision support” OR “CDSS” OR “DSS” OR “autonomous system” OR “automated
system”) AND (“healthcare" OR "health care" OR “medicine” OR "medical care" OR “medical
practice’” OR "clinical care" OR “clinical practice” OR "health services" OR "health system" OR
"medical system" OR "patient care" OR “cardiology” OR “pathology” OR “radiology” OR
“ophthalmology” OR “dermatology” OR “general care” OR “general practice” OR “intensive care”
OR “gastroenterology’”’ OR “obstetrics” OR “gynaecology” OR “immunology’”’ OR “anesthesiology”
OR “oncology” OR “surgery” OR “neurology’”” OR “critical care’”” OR ““nephrology”’ OR “pediatrics”
OR “hematology’”’ OR “neonatology’’). Queries were adapted to accommodate the language used
by each engine or database; see Appendix 1. Screening identified 823 entries. All entries were
imported into the RIS format for the Rayyan screening tool, whereby the software identified 374
duplicates. Guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
framework (Moher et al., 2009), we conducted the screening process according to the four steps of
identification, screening, eligibility and inclusion (Figure 1).
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Figure 1.
Scoping literature review flow cart (PRISMA)

After removing duplicates, the eligibility assessment was conducted independently by two of the
co-authors (JD and KJ) on 587 articles through title-abstract screening; JD performed full-text
screening for the remaining 56 studies. Diverging inclusion choices between reviewers were
discussed in the research group with documented reasons. Studies included in the overview had the
following features: (1) written in English; (2) peer-reviewed article; (3) full-text available; (4) the
term Human-in-the-Loop or a similar variation of the term is mentioned (for example, clinician-in-
the-loop); (5) focused on medical decision-making, and (6) focused on non-embodied Al. Articles
mentioning a term containing ‘loop’ that refer to different concepts, such as Human-on-the-Loop or
Machine-in-the-Loop, were excluded. Additionally, articles focusing on HITL as a technical
annotation method or development approach were also excluded.

Full-text screening was conducted systematically using a data charting table (Appendix 2). Based on
the recommendations to improve scoping study methodology from Levac et al. (Levac et al., 2010)
and the approach taken by lenca et al. (lenca et al., 2018) in their scoping review, our research team
worked together to create a data charting form that identified the variables to extract from the
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review data. We decided that the data charting form should focus on (1) the human component in
HITL and how it is specified, (2) the roles and tasks envisioned for Al in a HITL model, (3) how HITL
is connected to other Al ethics discussions on, for example human-Al collaboration, (4) which explicit
ethical aims and considerations are mentioned in relation to HITL. During the process, we worked
iteratively and tailored the data charting form to align with the research data. (Levac et al., 2010)

4 Findings

In our search, we found 36 articles that discussed ‘human-in-the-loop’ or a variation of the term,
such as ‘clinician-" or ‘doctor-in-the-loop,” for Al in medical decision-making. All records were
published between 2018 and 2025, with a surge in articles in 2024 and 2025. We present our results
in accordance with the data charting form used for analysing the articles and discuss (1) the ethical
and public rationale for needing a human in the loop, (2) the proposed roles and responsibilities of
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medical professionals in the context of HITL, (3) the desirable ways in which Al is developed and
used in HITL and (4) open questions and criticism regarding HITL in health.

4.1 Ethical and public rationale for needing a human in the loop

Many authors believe that HITL is a reliable way to mitigate the risks associated with medical Al
systems; they strongly advocate for human-in-the-loop approaches, convinced that human
expertise and oversight are crucial in balancing the risks of medical Al systems. (Haemmerli et al.,
2023; Holmes et al., 2025; Jotterand & Bosco, 2020; Ku, 2019; Livingston et al., 2025; Malaguti et
al., 2025; McCaffrey et al., 2025; Montomoli et al., 2024; Robinson et al., 2024) In a review article
on the challenges of Al in medicine, Aldosari et al. (Aldosari et al., 2025) demonstrate that various
authors are, for example, concerned about algorithmic errors and patient harm resulting from Al
usage, and that incorporating a HITL can offer a solution to reduce the likelihood of mistakes; here,
HITL is referred to as “having someone in control at all times.” McCaffrey et al. also discuss how the
shortcomings of Al, such as biases, confabulations, and practical challenges of implementing Al in
existing workflows, as well as end-user acceptance, can be mitigated by incorporating a human-in-
the-loop.(McCaffrey et al., 2025) Due to the severity of the risks associated with utilizing Al, Gunes
et al. argue that only by adopting a HITL approach can the full potential benefits of Al, such as
increased efficiency, be realized. (Gunes et al., 2025)

Stakeholders confirmed that HITL is an essential approach towards implementing Al responsibly. In
their interview study, Lee et al. describe how patients emphasized the ongoing need for human
involvement in providing therapy for mental health issues. In order to foster safe Al use, participants
noted that humans should at least be able to respond in emergencies (i.e., self-harm, suicidal
ideation, or thoughts of harming others), and many also believed that humans should remain the
primary providers of care. (Lee et al., 2025) Another empirical study found that children and young
persons also deemed medical professional oversight essential when Al is used for imaging purposes,
expressing a preference for medical professionals in the loop. (Lee et al., 2024) Moreover, a mixed-
methods study found that the general public viewed human supervision in the form of HITL as an
essential condition for the use of Al in pathology, to verify the validity of diagnoses, reduce errors,
and maintain human control. (Lewis et al.,, 2025) Lastly, a scoping review of stakeholders’
perspectives on the future of Al in radiology found that radiologists themselves believed they should
be kept in the loop in terms of responsibility. (Yang et al., 2022)

4.2 HITL in medical practice: proposed roles and responsibilities of medical
professionals

In various articles, HITL is presented as an alternative to fully autonomous Al systems in medicine,
where medical professionals are the ones who are kept in the loop instead of being replaced by
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Al (Ali et al.,, 2024; Lee et al., 2025; Liew, 2018; Malaguti et al., 2025; Mudgal & Das, 2020;
Phongpreecha et al., 2025; Salih et al., 2024; Sezgin, 2023; Wadden, 2024; Woo et al., 2024; Zhang
et al., 2025) Keeping a physician or nurse in the loop is presented as a desirable approach to the
integration of Al in different medical contexts, such as the use of Al in multidisciplinary team
meetings (Ali et al., 2024) assessing discharge needs (Duckworth et al., 2024), MRl artifact detection
and correction (Gunes et al., 2025), and recognizing and predicting health changes in smart home
environments (Fritz et al., 2022). Malaguti et al. (Malaguti et al., 2025) argue that the increasing use
of the term ‘clinician-in-the-loop’ points to the recognition that clinician involvement ensures that
Al-driven insights are clinically meaningful, ethically sound and contextually adapted, which they
recognized in recent studies that state that clinicians can enhance the reliability of predictions,
prevent algorithmic errors, and foster patient trust.

Medical oversight in HITL frameworks often involves validating or refining Al-generated outcomes.
(Gunes et al., 2025; Liew, 2018; McCaffrey et al., 2025; Patel et al., 2019) In radiology, for example,
the importance of radiologists providing the final verification of diagnosis is discussed (Liew, 2018);
where it might be particularly important if radiologists would check lower confidence outputs from
Al. (Patel et al., 2019) Yet, medical oversight does not need to be limited to validating Al-generated
outcomes, as is also exemplified in the radiology context. Mudgal and Das (Mudgal & Das, 2020)
describe how radiologists can be involved as medical officers guiding institutions and companies to
target the most relevant and topical clinical decision-making tools, act as consultants providing
continuous supervision to Al bodies, and supervise Al tools in practice to prevent medical errors.
Mudgal and Das emphasize that involving radiologists in multiple roles and maintaining the final
verdict is especially crucial for utilizing Al in the context of high-stakes decisions, such as choosing
between oncological treatments and initiating palliative care.

4.2.1. Physician-in-the-loop oversight for the effective use of generative Al

Notably, several authors view physician oversight through a human-in-the-loop approach as a
desirable method for applying generative Al (GAI). (Haemmerli et al., 2023; Holmes et al., 2025;
Livingston et al., 2025; Lu et al., 2024; McCaffrey et al., 2025; Roberts et al., 2024; Woo et al., 2024)
Haemmerli et al., for example, argue that ChatGPT can be useful for decision-making in brain glioma
adjuvant therapy, but that shortcomings, such as bias or errors in interpreting medical information,
mean a HITL approach should be used. (Haemmerli et al., 2023) Lu et al. (Lu et al., 2024) and
McCaffrey et al. (McCaffrey et al., 2025) also describe the potential of GAI through human-in-the-
loop clinical decision-making in pathology. McCaffrey et al. go into the potential GAl systems have
to automate certain tasks in pathology, allowing human expertise to focus on higher-level report
review and evaluating generated outputs. Meanwhile, Lu et al. believe generalist Al models can
function as consultants to pathologists, providing an initial Al-assisted assessment that can be
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further contextualized with input from the pathologist. They consider HITL Al assistance especially
valuable in situations involving lengthy and complex evaluations, such as cancers of unknown
primary, and in low-resource settings where access to experienced pathologists may be restricted.
In their article, they describe a specific example of what a HITL process would entail, included here
as Appendix 3.

Livingston et al. have also developed a clinician-in-the-loop evaluation framework that enables
clinicians to systematically assess Generative Al (GAI) outputs. (Livingston et al., 2025) They assert
that such a framework is essential for quantifying the potential risks of GAIl in clinical practice,
particularly when these types of Al systems are prone to producing hallucinated outputs.
Furthermore, they believe that the wide variation in evaluation tools calls for a standard GAI
evaluation framework and that metrics often fall short: “text-comparison metrics alone cannot
adequately assess whether an LLM’s response is clinically appropriate, nor can it assess usefulness
in a healthcare context.”(Livingston et al., 2025)

Based on the most pressing clinical concerns in the literature, they identify five dimensions by which
clinicians should judge GAI: (1) helpfulness, the overall value of the response for clinical practice; (2)
comprehension, the system’s understanding of the clinical query, from basic text processing to
deeper clinical interpretation; (3) correctness, the factual accuracy of each line against the provided
peer-reviewed literature and clinical resource references; (4) completeness, whether the response
addresses all clinically relevant aspects of the query; (5) clinical harmfulness, potential patient safety
risks if the information in the response were applied without clinical judgement and followed
through on without safety systems in clinical care. In their framework, clinicians can score these
dimensions on a 3- or 5-point scale to quantify the correctness and harm posed by GAIl systems in a
specific context.

4.3 Desirable ways in which Al is developed and used in HITL approaches

Authors saw a broad range of ways in which Al could be used in healthcare, yet there was a general
focus on Al systems that would function as a clinical decision support tool; examples include a CDSS
for supporting clinical decision-making during MDT meetings on cancer (Ali et al., 2024), LLMs as
decision-support in pathology (McCaffrey et al., 2025) or CDSS to support the early and accurate
identification of onward care needs. (Duckworth et al., 2024) Yet, in HITL approaches to Al, the
degree to which medical Al can be truly helpful and effectively utilized often depends on whether
humans have been sufficiently involved in the deployment of Al. Montomoli et al. (Montomoli et
al., 2024), for example, argue that the Al workflow necessitates evaluating the role that human
expertise and judgment play in Al’s learning process, interpreting Al outcomes, and determining its
usefulness and usability. HITL is thus said to strike a balance between automation and human
expertise, where Al systems are guided, communicated, and supervised by human expertise,
thereby enhancing both safety and quality. (Phongpreecha et al., 2025; Sezgin, 2023)
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To enable human involvement and control, it is frequently mentioned that interpretability or
explainability of Al is essential for HITL approaches in medicine. (Fuchs et al., 2024; Montomoli et
al., 2024; Plass et al., 2023; Salih et al., 2024) Fuchs et al. state that HITL necessitates Al systems to
offer easily understandable insights that align with medical guidelines in radiology and capture
relevant information without incurring additional costs. (Fuchs et al., 2024) Liew also argues that,
for legal liability to be assigned to a human authority and for radiologists to assume responsibility,
there must be effective ways to clearly explain the role that Al has played in the decision-making
process, and this explanation should be understandable to the human in the loop.(Liew, 2018)
Moreover, Salih et al. (Salih et al., 2024) argue that the risks of using Al are more pronounced in
certain medical domains, such as pediatrics, where misinterpreting Al outcomes can have significant
consequences; this emphasizes the need for explainability to enable pediatricians to stay in the loop
and evaluate outcomes effectively. Plass et al. agree and recommend explainable human-Al
interfaces that are targeted at causal understanding and “allow the domain expert to ask interactive
what-if questions. (...) A human-in-the-loop can [thus] (sometimes—not always) bring human
experience and conceptual knowledge to Al processes — something that the current best Al
algorithms (still) lack.” (Plass et al., 2023)

Since HITL often assumes a partnership, or a synergistic or symbiotic relationship between humans
and Al, developing Al using a HITL approach is, in some cases, viewed as being closely related to the
idea of human-Al collaboration.(Fuchs et al., 2024; Lee et al., 2024; Montomoli et al., 2024; Mudgal
& Das, 2020; Patel et al., 2019; Phongpreecha et al., 2025; Roberts et al., 2024; Sezgin, 2023;
Wadden, 2024) Fuchs et al. (Fuchs et al., 2024), for instance, describe a “closer collaboration
between Al systems and clinicians” and view HITL as a part of two-way communication between
radiologists and Al, where radiologists are kept in the loop by being able to understand Al outcomes,
and radiologists, in turn, need to provide information in a machine-readable format. Moreover,
Roberts et al. (Roberts et al., 2024) describe how an HITL approach can ensure that the surgeon’s
nuanced comprehension and personal touch can be maintained when collaborating with an LLM to
elevate efficiency when drafting and refining clinical letters. Both examples show that there can be
a synergy between HITL and human-Al collaboration.

4.4 Open questions and criticism regarding HITL in health

Although most authors agree that human involvement and oversight are essential for the
application of Al in healthcare, several authors criticize HITL for being approached too narrowly.
Sezgin, for instance, proposes expanding the HITL approach and involving multidisciplinary teams;
this might include clinicians, IT experts, managers, administrators, patient and community
advocates.(Sezgin, 2023) Furthermore, Bhatia et al. contend that HITL can be too limited in the
context of Al in pediatric neuroradiology; “Al (...) not only requires a ‘human in the loop,” but
humans in the center.” (Bhatia et al., 2024) They argue that a human-in-the-loop approach can
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serve as a valuable starting point, but the development and implementation of Al should also more
broadly focus on health outcomes for patients, the experiences of patients and their families, cost
reduction, and the well-being of the healthcare team, with an emphasis on equity, diversity, and
inclusivity.

A related question that Salloch and Eriksen (Salloch & Eriksen, 2024) pose and believe is in need of
further discussion is what HITL refers to in moral terms. In other words, they state that ethical
principles guiding the integration of medical Al in practice necessitate human interpretation or
judgment, and that it remains to be determined how such judgments should be made. In their
article, they propose the possibility of moral co-reasoning in the patient-physician encounter, where
patients and physicians jointly reason to reach a shared understanding of what the clinical process
requires. They believe that a partnership model of clinical reasoning is warranted in the context of
Al, as patients can play a genuine epistemic role in avoiding dangers such as automation bias,
providing feedback on how systems should be designed, and supporting the interpretation of Al
principles in practice. Their argument suggests the possibility of also considering involving patients
in HITL.

4.4.1 The lack of a (universally adopted) definition

Besides the possibility of expanding how HITL is approached, a recurring concern about the use of
the term ‘human-in-the-loop’ in health is its lack of a clear, universally adopted definition, which
allows for various interpretations of the concept in the literature. (Muyskens et al., 2025) Salloch
and Eriksen (Salloch & Eriksen, 2024), for instance, maintain that ““it remains fundamentally unclear
what humans are supposed to be doing in the loop.” Malaguti et al. (Malaguti et al., 2025) also note
in their review of Al use in Parkinson’s Disease (PD) care that there is no consensus on the definition
or use of the term ‘clinician-in-the-loop”:

While nearly all studies recognize the significant contributions of clinicians, the term
“clinician-in-the-loop” lacks a universally accepted definition, and its operationalization
differs markedly among studies. In some instances, clinicians are merely interpreters of Al-
generated outputs, while in others, they play a pivotal role in data collection, variable
selection, and even model development. This variability underscores the need for a more
standardized framework to articulate the clinician’s involvement at different stages of the Al
lifecycle.

Malaguti et al. argue that the lack of a unified and operationalizable conceptualization results in
ambiguity regarding the role clinicians play in Al development and use. (Malaguti et al., 2025) In
their article, they therefore propose differentiating between ‘clinician in the pre-processing loop’
and ‘clinician in the modeling (or post-processing) loop’ to clarify how and when clinicians are
fundamental to Al development and use. They elaborate that, in the pre-processing loop, clinicians
would play an essential role in aligning Al goals with clinical practice by defining clinical questions,
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selecting relevant variables, and ensuring data quality. In the modeling loop, clinicians collaborate
with data scientists and Al specialists during model development, providing insights into clinical
contexts and offering real-time feedback. Clinicians can also be involved in the post-processing loop,
where they interpret Al outputs and focus on validation, contextualization, and communication of
Al-derived insights to patients and other stakeholders.

4.4.2. Is HITL sufficient to maintain human control, and when is control required?

Additionally, some authors question whether HITL is sufficient to ensure actual control over Al. (Van
Der Stigchel et al., 2023) Ku et al. (Ku, 2019), for example, agree with Zerilli et al. (2019) and worry
that humans can lack the technical ability or have physical limitation to supervise Al, that the human
becomes complacent, over-reliant, or unduly diffident when faced with outputs of reliable
autonomous systems. Van der Stigchel et al. designed an experiment to test whether HITL would
lead to better control and detection of biases by focusing on human-Al collaboration for patient
triage during a pandemic crisis; in this experiment, human control was operationalized as being able
to detect and correct for bias in the Al advice. (Van Der Stigchel et al., 2023) They conclude that
participants were unable to exert oversight, and that it is essential to deliberately design Al to
facilitate human control. Moreover, they emphasize that insufficient human control could lead to
people being unable to detect biases in Al and thus unable to prevent machine biases from
influencing decisions. In line with their findings, Holmes et al. (Holmes et al., 2025) argue that “there
is a clear need for further research into developing Al systems that can effectively integrate
professionals into the loop.”

In evaluating when it is appropriate to maintain human control and enable HITL, Muyskens et al.
(Muyskens et al., 2025) argue that we should consider whether there are medical situations in which
humans should be “kicked out of the loop.” They propose that this might be ethically permissible in
cases where: (1) the technology is as effective (or better) than a human at a given task in terms of
error rates; (2) the risk to patients (or any humans involved) is low in the event of an error and (3)
the wellbeing that is gained by the speed, accuracy and cost-efficiency of automation is high. By
formulating these criteria, they aim to challenge the notion that HITL is synonymous with good
ethical practice and that insisting on keeping humans in the loop can be unwarranted in certain
contexts, particularly in instances where it comes with significant opportunity costs. They believe
that in the future, it should be assessed ““when the training wheels can safely come off’ and certain
Al systems meet a threshold to be used automatically.
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5 Discussion

Studies in this overview highlight the risks associated with using Al in medical settings and illustrate
the widely held belief that HITL is a necessary condition for managing risks when using Al to support
medical decision-making. Several authors argue that HITL is especially crucial in high-risk medical
situations, such as pediatrics, or when Al produces low-confidence results. At the same time, the
results confirm that HITL is an ambiguous term referring to a variety of ways humans can be involved
in medical Al development and use, and raise the question whether HITL will ensure that effective
oversight is maintained. In part, this can be explained by the fact that HITL, as a term, has only been
relatively recently introduced in the medical literature. That is, the term ‘HITL’ did not originate in
the medical field; technology developers have been using it since the 1990s to describe the role of
human expertise in, or human oversight of, machine learning (ML) technology and other advanced
software in various domains. (Barmore et al., 2005; Fales et al., 2005; Lee & Hsu, 2003; Looney &
Tacker, 1990) One of the earliest examples in the medical Al literature seems to be the article by
Kieseberg et al. (Kieseberg et al., 2015) which was published in 2015; the overview shows that, since
then, the term has been increasingly used to describe the role of the ‘human’ in the development
and integration of advanced Al systems in medical decision-making. Yet, as the term is still relatively
new in the medical context, as is the integration of Al in medical practice, it is not surprising that
questions remain about how HITL should be applied to medical Al and which medical tasks can be
delegated without undesirably losing control over clinical processes.

A close examination of the application of HITL in the literature reveals that numerous articles merely
mention the importance of HITL, without specifying the particular requirements for human
oversight over Al in medical decision-making. Nevertheless, some articles included in this overview
have attempted to clarify the meaning and practical implications of HITL. Notable examples include
Livingston et al. (Livingston et al., 2025) , who have developed a concrete evaluation framework for
clinicians in the loop to assess GAl outputs, and Mudgal and Das (Mudgal & Das, 2020), who describe
specific roles radiologists in the loop can play during Al development and use. Interestingly, these
proposals seem to go beyond HITL approaches that involve ““simple human presence” or authorizing
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Al outputs (Santoni de Sio & Van den Hoven, 2018), and also include deciding how well Al systems
fitinto a medical setting and having control over assessing in which cases the benefits of Al outweigh
the risks. Still, despite these more detailed proposals, the overview raises questions about how to
move forward with the term HITL and how humans are adequately equipped to be a HITL in clinical
settings. In the upcoming sections, we will address two questions: (1) What should HITL entail in the
medical context? and (2) What skills and expertise are required for humans in the loop?

5.1 What should HITL entail in the medical context?

When referring to HITL, authors may mean different things: some describe humans who simply
verify Al outputs in clinical contexts, others refer to their participation in various stages of Al
development and implementation, while some refer to maintaining control at all times. This
variation highlights the lack of consensus on what HITL should entail in the medical field, a point
also noted by several authors in this overview. However, a problem that challenges reaching a
consensus on HITL is that it is not only difficult to determine the appropriate level of oversight, but
also that there is a gap between how HITL is interpreted in the technical literature and discussions
on Al governance and ethics. In the technical literature on medical Al development, HITL is widely
regarded as a methodology to ensure system performance and accurate outcomes, where human
experts primarily provide feedback and maintain some level of control over the Al system’s learning
process. (Seeuws et al., 2024; Shu et al., 2024; Vasquez-Venegas et al., 2024) In the Al ethics and
governance literature, HITL refers to the broader concept that humans, rather than autonomous
systems, should remain accountable and in control of decision-making processes in medical settings.
(HLEG, 2019; Salloch & Eriksen, 2024) The discrepancy between the two discussions raises an
important question about the use of the term HITL: should HITL mainly refer to the value of human
expertise in training and labeling Al outcomes, or should it also include human oversight that
preserves human autonomy and control over decision-making processes? It is crucial to answer this
question because the current discrepancy might indicate a mismatch between what ethical
guidelines prescribe by means of HITL and what is technically developed. That is, developers might
adopt a HITL methodology for annotation or segmentation purposes (excluded in this overview, n =
143), believing they have adequately applied a HITL approach, while ethical guidelines call for more
thorough human involvement and broader control over medical Al.

In response to the discrepancy between technical and ethical interpretations of HITL, Zheng et al.
(Zheng et al., 2024) caution against taking the technical interpretation of the HITL term at face value
in the medical field:

The term HITL originated in the machine learning (ML) community, where it assumes
that the role of humans is to aid ML models’ autonomous decisions when the ML
models cannot fully handle edge cases or unexpected scenarios. In this role, instead of
actively engaging in clinical decisions, humans are relegated to merely checking or
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validating Al models’ decisions despite bearing the responsibility and accountability
for those decisions. Therefore, the assumption of HITL downplays the role of humans
as primary epistemic subjects. Such assumptions, prevalent in the technical sector, are
inappropriate and unjust in medical settings. (..) The ethical debate [on the other
hand] centers on balancing human capability with Al technologies that may erode
autonomy, skills, and independence of humans.

While Zheng et al. rightly warn against reducing the role of domain experts to epistemic subjects
who do not have a decisive role in clinical decisions, the technical sector may tend to use other
terms to describe the essential role humans should play in overseeing Al use; terms such as Human-
Centered Al (HAI) are, for example, used to “[approach] Al from a human perspective by considering
human conditions and contexts.” (Mosqueira-Rey et al., 2023) Moreover, technical developers such
as Kieseberg et al. (Kieseberg et al., 2016) are also aware that HITL, as a methodology, still has ethical
consequences for physicians, especially in terms of maintaining responsibility for decision-making.
It may therefore primarily be a matter of determining which terminology best matches specific
human roles in medical Al development and implementation.

5.2 What skills and expertise are required for humans in the loop?

A primary goal of this overview was to identify which humans should participate in HITL and what
roles they should assume. Most articles included in the overview focused on medical professionals
as the human in the loop, with radiologists and pathologists being particularly frequently
mentioned, which can be explained by the advanced state of Al development in image-based
medicine. (Drogt et al., 2024) Many authors have high expectations and assumptions about what
human oversight by medical professionals could offer. It was stated that medical professionals could
improve Al’s safety and quality, ensure that Al-driven insights are clinically meaningful, ethically
sound, and contextually appropriate, and identify biases and shortcomings of Al, such as
hallucinations. In reality, it might not be possible for medical practitioners to meet all these
expectations. As Holzinger et al. (Holzinger et al., 2024) argue: “the demands of interpreting
complex Al outputs and maintaining attention during prolonged monitoring can result in oversight
fatigue or errors.” Additionally, a study by Rosbach et al. (Rosbach et al., 2025) found that
pathologists may fail to recognize Al-induced errors and suffer from automation bias, particularly
under time pressure. Similarly, physicians might have a confirmation bias — agreeing with a wrong
Al system — or override a correct Al diagnosis. (Rosenbacke et al., 2024) Human oversight is thus not
a safeguard against all errors and it should be considered whether medical professionals may also
need to develop specific competencies to work responsibly with and meaningfully use Al outcomes.
(Sand et al., 2022; Vos et al., 2025)

The skills and expertise required for a HITL approach will also likely vary depending on the type of
Al system and the associated risks of its use. As several authors in this overview mention, GenAl
poses specific challenges: requiring a thorough assessment of errors and clinical significance, as it
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tends to confabulate and is, as a system, more challenging to validate. As a result, assessing its
outputs may demand more specialized medical expertise. At the same time, these validation
challenges may make it even more relevant to include a HITL. Whether there are medical settings
in which humans can be removed from the loop (Muyskens et al., 2025) or be “near” it instead of
being fully in the loop (Jackson & Pinto, 2024), still needs to be determined and may be considered
when medical expertise is less valuable or not needed for differentiating Al errors. As Jackson and
Pinto state, “there are currently no guidelines or distinctions that clarify how far a human can drift
away from the loop and for how long.” (Jackson & Pinto, 2024) Nevertheless, it should be considered
that there are also calls for more thorough human involvement in HITL approaches, exemplified by
Scheek et al. (Scheek et al., 2021) who argue that “over time, organizations should not limit their
interactions with radiologists to only occasional consultants; rather they should actively and
systematically bring radiologists on board, with responsibilities and authorities to become part of
the development team.” This highlights the importance of evaluating the extent to which the
expertise of medical professionals should be included in determining the clinical relevance of Al.

6 Conclusion and limitations

6.1 Conclusion

HITL is a term frequently used in the context of medical Al to refer to a type of human oversight or
control. Despite an ongoing academic debate on this topic, this study presents the first
comprehensive overview of how HITL is used in academic literature on medical Al. Our findings
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illuminate several key features of the academic debate thus far, namely that the concept of human-
in-the-loop (HITL) in healthcare is underpinned by a range of diverging assumptions about who the
‘human’ is or should be, what roles they have, and what they will be able to accomplish. This shows
that it is far from evident that HITL is sufficient for control, let alone for ethical medical Al. Without
clear task allocation, adequate training, context-sensitive system design, and supportive
organizational structures, the human role remains fragile—and may even become merely symbolic.

Furthermore, the differences in HITL approaches identified in our overview reveal a discrepancy and
possible mismatch between technical and ethical interpretations of HITL. In technical literature, HITL
primarily refers to the importance of human expertise for training Al models, whereas ethical
guidelines suggest it should also include broad human oversight that preserves human autonomy
and control over decision-making processes. Since such a discrepancy can significantly affect the
meaning of human requirements and control in HITL approaches, it is crucial to clarify the term, also
in relation to other related concepts such as Human-Centered Al (HAI). By drawing attention to
these crucial points in the debate on HITL in medicine, this overview facilitates advancing the
discussion and identifies key contributions that can inform future decisions on how the HITL concept
is used.

6.2 Limitations

We have provided a comprehensive overview of the literature on HITL in medical Al. The articles
presented were included after a thorough screening of the academic literature on the topic by two
independent reviewers, based on a search strategy that was guided by experienced librarians.
Nonetheless, this overview has several limitations. First, reviewing the literature in such a way
always involves reporting bias; a different group of researchers could have selected or grouped the
included ethical aspects differently. Second, we were unable to systematically perform a quality
assessment of the included literature, as there is no established screening instrument to evaluate
the quality of normative papers. Finally, we note that it was beyond the scope of this overview to
assess the scientific validity of HITL applications and different forms of HITL discussed in the included
articles.
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Appendix 1 — Search string

("Human-in-the-Loop" OR “HITL” OR “in-the-loop” OR “in the loop”) AND (“Al” OR “Artificial
Intelligence” OR “machine learning” OR “ML” OR “deep learning” OR “DL” OR “decision support”
OR “CDSS” OR “DSS” OR “autonomous system” OR “automated system”) AND (“healthcare" OR
"health care" OR “medicine’” OR "medical care" OR “medical practice” OR "clinical care" OR
“clinical practice’” OR "health services" OR "health system" OR "medical system" OR "patient
care" OR “cardiology” OR “pathology” OR “radiology” OR “ophthalmology” OR “dermatology” OR
“general care” OR “general practice” OR “intensive care” OR ““gastroenterology” OR “obstetrics”
OR ““gynaecology” OR “immunology”’ OR ‘“anesthesiology”’ OR “oncology’”’ OR “‘surgery”’ OR
“neurology” OR ‘‘critical care” OR ‘“‘nephrology” OR ‘“‘pediatrics” OR “hematology” OR
“neonatology”’)

('"Human-in-the-Loop' OR 'HITL" OR 'in-the-loop' OR 'in the loop') AND ('Al' OR 'Artificial
Intelligence' OR 'machine learning' OR 'ML' OR 'deep learning' OR 'DL' OR 'decision support' OR
'CDSS' OR 'DSS' OR 'autonomous system' OR 'automated system') AND ('healthcare' OR 'health
care' OR 'medicine' OR 'medical care' OR 'medical practice' OR 'clinical care' OR 'clinical practice’
OR 'health services' OR 'health system' OR 'medical system' OR 'patient care' OR 'cardiology' OR
'pathology' OR 'radiology' OR 'ophthalmology' OR 'dermatology' OR 'general care' OR 'general
practice' OR 'intensive care' OR 'gastroenterology’ OR 'obstetrics' OR 'gynaecology’ OR
'immunology' OR 'anesthesiology' OR 'oncology' OR 'surgery' OR 'neurology' OR 'critical care' OR
‘nephrology’ OR 'pediatrics' OR 'hematology' OR 'neonatology')

(healthcare OR health care OR medicine OR medical care OR medical practice OR clinical care OR
clinical practice OR health services OR health system OR medical system OR patient care OR
cardiology OR pathology OR radiology OR ophthalmology OR dermatology OR general care OR
general practice OR intensive care OR gastroenterology OR obstetrics OR gynaecology OR
immunology OR anesthesiology OR oncology OR surgery OR neurology OR critical care OR
nephrology OR pediatrics OR hematology OR neonatology) AND (Al OR Artificial Intelligence OR
machine learning OR ML OR deep learning OR DL OR decision support OR CDSS OR DSS OR
autonomous system OR automated system) AND (Human-in-the-Loop OR HITL OR in-the-loop OR
in the loop)

Appendix 2 — Data charting table
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Data Charting Table

Title, publication year, authors

Medical context

Type of Al

Variation of HITL term used

Who is the ‘human’

What role does the human have

Roles and tasks envisioned for Al in HITL

Assumptions on how HITL will be put to
practice

Relation of HITL to other Al ethics
concepts (such as human-Al
collaboration, HOTL)

Ethical aims and considerations
mentioned in relation to HITL

Appendix 3 — Examples of Lu et al. illustrating human-in-the-
loop differential diagnosis with GAI (PathChat) in a case of
cancer of unknown primary
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Can you comment on the histological appearance of this -
metastatic tumor discovered in the lymph node of a female =
patient?

The image shows a metastatic tumor in the lymph node, which
is characterized by the presence of micropapillary clusters of
tumor cells. These clusters are surrounded by clear spaces,
which are indicative of the micropapillary pattern.

PathChat

The patient had a prior cervical lesion. Based on the histology
image and the clinical history, what would be your top 3
differentials in terms of origin of the primary tumor?

-
<( Given the patient's clinical history of a prior cervical lesion and the presence of micropapillary clusters in the lymph
node, the top 3 differentials for the origin of the primary tumor would be:

1. Cervical cancer: This is the most likely primary tumor given the patient's history of a cervical lesion.

2. Ovarian cancer: Ovarian cancer can metastasize to lymph nodes and can present with a micropapillary pattern.

3. Endometrial cancer: Endometrial cancer can also metastasize to lymph nodes and can exhibit a micropapillary
pattern.

However, the clinical history of a prior cervical lesion makes cervical cancer the most likely primary tumor in this

case.
. 7

PathChat

What IHCs would you suggest to help confirm the diagnosis?

To confirm the diagnosis of metastatic cervical cancer, immunohistochemical staining can be performed. The tumor
cells should be positive for cytokeratins (such as CK7 and CK20), which are markers of epithelial origin.
Additionally, the tumor cells should be positive for p16, a surrogate marker for high-risk human papillomavirus
(HPV) infection, which is commonly associated with cervical cancer. The tumor cells should be negative for markers
of other potential primary tumors such as WT1 (Wilms tumor 1) for ovarian cancer and ER (estrogen receptor) and
PR (progesterone receptor) for endometrial cancer.

PathChat

The IHC results are in. It is positive for PAX8, CK7, p16 and negative for WT1, ‘
ER. What is your assessment?

The immunohistochemical results are consistent with metastatic cervical cancer. PAX8 is a transcription factor that
is expressed in the Millerian system, including the cervix, and is often positive in cervical cancer. CK7 is a
cytokeratin that is typically expressed in epithelial cells, including those of the cervix. p16 is a surrogate marker for
high-risk HPV infection, which is commonly associated with cervical cancer. The negative staining for WT1, ER, and
PR helps to rule out other potential primary tumors, such as ovarian and endometrial cancer.

PathChat
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