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Executive Summary

The field of Al-enabled medical devices has expanded dramatically in recent years, transforming many areas of
healthcare while raising regulatory, technical, and ethical challenges. By late 2025, sensing and imaging
systems powered by machine learning (from radiology scanners to wearable monitors) and intelligent clinical
software (from diagnostic tools to decision support) are widely used in practice. Tens of thousands of Al-driven
devices have been cleared worldwide — for example, the US Food and Drug Administration (FDA) reports on the
order of ~950 FDA-cleared Al/ML devices by mid-2024 (") pmc.ncbinim.nin.gov) (with roughly 100 new
approvals each year), spanning hundreds of companies and clinical specialties. Global market analyses similarly
estimate a multi-billion-dollar industry: one analyst valued the Al-enabled medical device market at $13.7
billion in 2024, projecting it to exceed $255 billion by 2033 (I?! www.grandviewresearch.com). Major suppliers
(e.g. Siemens Healthineers, GE, Philips, Roche, Johnson & Johnson) now offer Al-enhanced versions of
traditional equipment, while innovative startups and tech companies (e.g. AliveCor, iCAD, Zebra Medical Vision,
Google's DeepMind) introduce new capabilities.

The promise of Al medical devices is significant: they can improve diagnostic accuracy, automate laborious
image analyses, personalize monitoring, and enable earlier detection and intervention. For instance, recent trials
have shown Al algorithms matching expert performance in interpreting imaging studies and even improving
physicians' accuracy when used in tandem (e.g. deep-learning systems in breast cancer screening (/°!
pmc.nchi.nlm.nih.gov), retinal disease detection, or cardiac arrhythmia analysis). Simpler tools like automated
imaging triage or mobile ECGs can broaden access to specialty care. Economically, analysts project
“accelerated adoption of Al-driven tools across diagnostics, imaging, patient monitoring, and treatment

devices” (I*1 www.futuremarketinsights.com).

However, challenges and concerns are equally prominent. Researchers note that the high expectations for Al
are not yet matched by robust clinical evidence: systematic reviews find that only a tiny fraction of cleared Al
devices are supported by randomized trials or patient-outcome data (!°/ pmc.ncbi.nim.nih.gov). There have been
reports of patient harm when Al tools were misapplied, including device malfunctions leading to injuries or even
a death in one reported case (I°/ pmc.ncbi.nim.nih.gov). Experts warn of algorithmic bias (for example, an ICU
triage tool that under-identified Black patients for extra care (!’! spectrum.ieee.org)), of automation bias and
“"deskilling” of clinicians (recent studies in colonoscopy found doctors’ detection rates fell when over-reliant on
Al (“®) time.com)), and of privacy/safety issues (with medical data breaches or adversarial attacks). Moreover,
regulators worldwide struggle to keep pace. The FDA and peers have only recently issued detailed Al/ML
guidance (e.g. the FDA's 2024 finalized Al guidance amid ~1,000 cleared devices (!°!

international approaches differ (e.g. the EU’'s new Al Act applies a "high-risk” label to many healthcare Al
[10]

www.techtarget.com)), and

systems (‘' www.medtecheurope.org), complicating compliance with existing medical device rules).

This report provides a comprehensive analysis of the current status of Al medical devices as of late 2025,
covering historical context, technical and clinical domains, regulatory frameworks, implementation issues, and
future directions. We review multiple perspectives—industry, healthcare providers, patients, regulators, and
ethicists—and incorporate case studies (e.g. Al in radiology, cardiology, ophthalmology, and digital health). We
present data on market growth and adoption (including specialized tables), and examine the evidence base for
performance and safety. Finally, we discuss future possibilities (from generative Al integration to remote
monitoring) and the implications for healthcare systems and society. Throughout, all claims are supported by
up-to-date, credible sources. Key findings include:
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e Rapid growth in approvals and adoption: The number of FDA-cleared Al/ML devices nearly doubled between 2022 and
2025, with Al applications now spanning radiology, cardiology, neurology, ophthalmology, and many other fields ([W
www.linkedin.com) (UJ pmec.nchi.nlm.nih.gov). Market analyses project continued explosive growth (CAGR ~30-40%) ([ZJ

www.grandviewresearch.com) ([a] www.futuremarketinsights.com).

e Regulatory momentum and gaps: Major regulators have begun updating guidelines. The FDA in late 2024 issued final
guidance on streamlined review for Al/ML devices ([9J www.techtarget.com), and maintains a public "Al-Enabled Device"”
list ([72] www.fda.gov). WHO in 2023 published recommendations focusing on transparency, data quality, and lifecycle
oversight (www.who.int) (www.who.int). The EU’s Al Act (in effect 2024) treats many medical Al systems as "high risk”,
adding compliance requirements on top of the EU Medical Device Regulation (“O] www.medtecheurope.org). The UK and

Canada have initiatives addressing Al in health. Nevertheless, studies find FDA decision summaries often omit critical

efficacy/safety details ([5] pme.nchi.nlm.nih.gov), and global adherence to standards is uneven.

e Mixed clinical evidence and expert views: Clinicians recognize Al's potential but also limitations. Surveys of radiologists
show optimism about Al aiding image interpretation (particularly in cancer screening), yet nearly half of respondents

[3]

doubted patients would accept Al-only results (*7' pmc.ncbi.nlm.nih.gov). Recent clinical trials have begun to quantify Al's

impact — for example, integrating Al into colonoscopy improved detection but created a dependency that reduced skill when
Al was withdrawn (L8J time.com). High-quality evidence from randomized trials remains scarce for most
devices.Nevertheless, anecdotal successes (e.g. streamlined diabetic retinopathy screening with IDx-DR (“3]

14]

www.aafp.org), enhanced cardiogram interpretation with AliveCor ([ www.prnewswire.com)) fuel optimism.

e Key challenges: Foremost are data and algorithmic challenges (bias, data-skew, explainability) and safety/regulatory
issues. For instance, an FDA analysis found most Al device summaries lacked basic information (study design, sample size,

demographics) ('° pmec.nchi.nlm.nih.gov). Post-market monitoring is just emerging: by mid-2025, only ~5% of devices had
reported adverse-event data (including device malfunctions and one death) ([6] pmec.nchi.nlm.nih.gov). Ethical and legal
aspects (liability for Al errors, informed consent for algorithmic decisions) remain unresolved. Implementation barriers
include integrating Al tools into clinical workflows, ensuring interoperability, and achieving adequate clinician training and

reimbursement.

e Future outlook: The trend towards more powerful Al (notably large language and multimodal models) is poised to extend to
diagnostics and patient care. Regulatory agencies are preparing: FDA has signaled plans to tag devices using "foundation”

Al models (“5] www.fda.gov). Generative Al may enter areas like aid in reporting or patient communication, though robust

evaluation is needed. Globally, investments (e.g. EU’s Al strategy funding) and standard-setting initiatives (e.g. IMDRF/ISO
working groups) point to a maturing ecosystem. However, the tension between innovation speed and patient safety will
continue; many experts emphasize the need to use Al as an augmentation of clinical expertise, not a wholesale replacement

(18] time.com) (117 pmc.ncbi.nim.nih.gov).

In sum, Al-powered medical devices have entered a phase of broad deployment and regulatory
engagement. This report synthesizes the latest data, case examples, expert analyses, and anticipated trends to
provide a thorough picture of where the field stands in November 2025 and where it is headed.

Introduction and Background

Artificial intelligence (Al) in medicine refers to computer systems that perform tasks typically requiring human
intelligence, such as image analysis, interpretation, or decision-making. Al techniques — especially machine
learning (ML) and deep learning — have been under development since the mid-20th century, but only in the
last decade have they realistically begun to transform clinical care. Early "expert systems” in the 1970s and 80s
(e.g. MYCIN for infections, INTERNIST-1 for diagnosis (/'®! www.cedars-sinai.org)) demonstrated the potential of
rule-based Al, but their adoption was limited by computational and data constraints. In contrast, today’s Al
medical devices typically use data-driven approaches (e.g. convolutional neural networks on images, natural
language models on text) and leverage vast digital health datasets and accelerated hardware.
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A medical device is broadly defined (e.g. by the FDA) as any “instrument, apparatus, implement, machine,
implant, or similar article” intended for diagnosis, treatment, or prevention of disease (') www.fda.gov).
Increasingly, software and algorithms fall under this definition, especially once they actively influence clinical
decisions (a category known as “Software as a Medical Device” or SaMD). Thus, Al medical devices
encompass both hardware (imaging machines, sensors, wearables) with embedded Al components and
standalone Al software (decision-support tools, image analysis apps, etc.). The U.S. FDA has created an "Al-

Enabled Medical Device” list to highlight products that incorporate Al in their functionality (') www.fda.gov).

In healthcare, Al promises to enhance diagnostics (e.g. by detecting subtle patterns in images or signals),
personalize treatment (via predictive analytics), automate routine tasks (like quantifying cell counts or flagging
urgent cases), and expand access to care (through telemedicine and remote monitoring). For example, an
algorithm might analyze an X-ray or retinal image faster and with high accuracy, assist in reading pathology
slides, triage emergency department cases, or even engage patients via chatbots. Such capabilities could help
address clinician shortages and improve screening rates for conditions like diabetic retinopathy or cancer.
Global health agencies note that Al can be especially beneficial in resource-poor settings with few specialists
(www.who.int) .

However, Al-based medical devices are different from traditional devices in crucial ways. Machine-learning
models can adapt and change over time (“continuous learning”), may be opaque (“black boxes"), and depend
heavily on the data on which they are trained (www.who.int) (") pmc.nchi.nim.nih.gov). This introduces risks of
bias (both statistical and social), unpredictability, and performance drift. Clinicians and regulators thus
emphasize rigorous validation and post-market oversight. A recent WHO guidance stresses transparency and
lifecycle documentation for Al systems, noting, for instance, that all stages of development, training data, and
intended use should be clearly tracked (www.who.int).

The evolution of Al in medical devices can be roughly outlined as follows (see Table 1):

e Pre-2010 (“Phase 0"): Early CDs (clinical decision support) and expert systems in laboratories and large
hospitals. Limited scope, mostly rule-based logic.

e 2010-2015 (“Alpha phase”): Emergence of deep learning breakthroughs (such as AlexNet in image
recognition). Research prototypes begin to match radiologist-level performance on specific tasks.

e 2016-2019 (“Beta phase"): First regulatory approvals of Al algorithms. Notable FDA approvals included
autonomous digital tools like IDx-DR for diabetic retinopathy (2018) (:?°! www.aafp.org) and early Al-based
ECG interpretation aides. Several large tech and healthcare companies acquire or spin-off Al arms.

e 2020-2022 ("Early Deployment"”): Significant growth: hundreds of Al/ML-enabled products cleared
globally (especially in imaging: oncology, neurology, cardiology). Regulatory bodies like FDA and EMA start
issuing draft guidelines (e.g. FDA's 2019 “proposed regulatory framework” for AI/ML SaMD). Specialists
debate implications and publish surveys on clinician attitudes.

e 2023-2025 ("Expansion and Regulation”): Thousands of FDA-cleared devices (FDA Index reporting ~691
by Oct 2023 (" www.mdpi.com), ~108 new in 2023) and similar growth in other regions. Generative Al (like
large language models) emerges, raising new regulatory concerns (www.who.int) (') www.fda.gov). Major
regulatory actions occur: FDA finalizes Al device guidance (Dec 2024) (I°) www.techtarget.com); WHO and
international bodies publish Al-health oversight recommendations (www.who.int) (www.who.int); the EU
enacts the Al Act (classifying healthcare Al as high-risk). The market forecasts show multi-fold increases in

coming years (/%! www.grandviewresearch.com) (4 www.futuremarketinsights.com).

In this context, it is timely to assess “the state of Al medical devices” as of November 2025. We must consider
the technology’s current capabilities and limitations, the real-world performance and evidence, the diverse
stakeholders’ perspectives (patients, clinicians, manufacturers, regulators), and the implications for health
care delivery and policy. The following sections do this systematically, supported by the latest research
findings and expert reports.
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Regulatory and Policy Landscape

The integration of Al into medical devices has spurred new regulatory frameworks and guidelines across the
globe. Because AlI/ML capabilities can affect safety and efficacy, leading agencies have sought policies
balancing innovation with patient protection (www.who.int) (*°! pmc.ncbi.nim.nih.gov). Below we review the
current approaches in key jurisdictions.

United States (FDA)

The U.S. Food and Drug Administration (FDA) was among the first major regulators to address Al in medical
devices explicitly. The FDA's traditional medical device oversight infrastructure has been adapted to
accommodate Al/ML systems, but challenges remain. Historically, the FDA regulated software (including Al) as
SaMD under existing device laws, using the same classification (Class I-1ll) and premarket review pathways
(510(k), De Novo, PMA). However, Al/ML products often do not fit neatly into these categories: for example,
“learning” devices may change over time, and some are software-only. In May 2019 the FDA released a
“Proposed Regulatory Framework for Modifications to Al/ML-Based Software as a Medical Device (SaMD)" to
address continuous learning, which advocated for a “Predetermined Change Control Plan” (')
www.techtarget.com). That proposal led to the pivotal “Firmware” guidance in Dec 2024: the FDA issued
finalized recommendations to streamline approval of Al/ML devices, recognizing that “nearly 1,000 Al/ML-
enabled devices have already been approved” and proposing more flexible review processes (/%!

www.techtarget.com).

Today, the FDA maintains an Al-Enabled Medical Device List (public since 2020, with updates in 2025)

[12]

enumerating cleared Al-featured devices (''“' www.fda.gov). The FDA emphasizes that devices on the list have

met “applicable premarket requirements ... including a focused review of the device's overall safety and

effectiveness” (1!

www.fda.gov). Notably, the FDA encourages manufacturers to disclose when a device uses
modern Al technologies like large language models (LLMs); the FDA is “exploring methods to identify and tag
medical devices that incorporate foundation models such as LLMs" in future updates (/' www.fda.gov). This

reflects an emerging focus on transparency so clinicians and patients can recognize advanced Al features.

Despite these efforts, academic analyses highlight gaps in regulatory reporting. Lin et al. (2025), reviewing all
691 AI/ML devices cleared through 2023, found that nearly half lacked basic details in FDA summaries (46.7%
did not report study design, 53.3% no report of training data size, 95.5% no demographic data) ('°
pmec.nchi.nlm.nih.gov). Crucially, only 6 of 691 devices (1.6%) included randomized trials, and almost none (<1%)
reported direct clinical outcomes ([51 pmec.nchi.nlm.nih.gov). Postmarket vigilance is also nascent: the analysis
found reported adverse events for just 36 devices (5.2%), including one death linked to an Al device malfunction
(*°1 pme.nebi.nim.nih.gov). These findings suggest that while FDA clearance numbers have grown, standardized
evidence and safety reporting still lag, underscoring FDA and Congress calls for better postmarket surveillance
of Al tools.

At the policy level, U.S. federal agencies are actively debating Al's role. In 2025 the White House Office of
Science & Technology Policy (OSTP) signaled support for accelerating Al in health by reducing regulatory
barriers, reflecting a broader pro-innovation stance (") www.techtarget.com) ("' pmec.ncbi.nim.nih.gov). The FDA
itself is modernizing across-the-board, with plans to leverage Al internally to improve its review processes (/*°
www.medtechdive.com). Nonetheless, Congress also scrutinizes Al healthcare; for example, new legislation may
mandate “nutrition labels” for Al and fund studies of Al impact on care. In sum, the U.S. approach is industry-
facilitative but evolving: agencies encourage innovation while trying to patch oversight gaps, reflecting the
“light-touch, industry-driven” regulatory tradition commonly cited in analyses ("°' www.techtarget.com) (1!

pmc.ncbi.nim.nih.gov).
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European Union

The European Union regulates Al medical devices through two major legal regimes: the established Medical
Device Regulation (MDR, effective May 2021) and the newly enacted Al Act (effective mid-2024, implementation
by 2026). Under MDR and the In Vitro Diagnostic Regulation (IVDR), Al-based products are treated as medical
hardware or software devices subject to conformity assessment. Each device's risk class depends on intended
use; many Al diagnostic tools fall in moderate-risk classes requiring notified-body review.

In parallel, the EU Artificial Intelligence Act represents the world'’s first comprehensive Al law. It classifies Al
systems by risk category, explicitly labeling “Al systems intended for medical use” as high-risk Al. High-risk Al
under the Act must undergo strict requirements (quality management, transparency, human oversight, etc.) on
top of any existing medical-device obligations. Industry voices warn this poses overlap: MedTech Europe noted
that “Al Act introduces new obligations for high-risk Al systems... which are already regulated under the
MDR/IVDR" (1'°1 wwww.medtecheurope.org). If not harmonized, these parallel frameworks could slow innovation
and complicate compliance. MedTech groups thus advocate for clarity on how Al Act rules will integrate with
MDR/IVDR to “unlock the potential of Al in healthcare” without redundant barriers (I'°) www.medtecheurope.org).

Practically, EU regulators are moving forward: Notified bodies accredited under MDR will also verify Al Act
compliance for Al healthcare products. The EU Commission has funded pilot projects on Al device standards,
and agencies like the European Medicines Agency are exploring cross-sector Al oversight. Nonetheless, some
national agencies remain cautious; for instance, certain EU states have debated tighter controls on unvalidated
mental-health chatbots (see below).

United Kingdom

Post-Brexit, the UK has retained a medical device regime mirroring the EU’s, but with its own Al guidance. In
April 2024, the UK's Medicines and Healthcare products Regulatory Agency (MHRA) published a white paper on
Al in regulation. MHRA confirmed then that “Al with a medical purpose is very likely to meet the [medical device]
definition” ("**! www.medtechdive.com). Critically, it announced a plan to reclassify many Al-based products to
higher risk categories under UK law. Whereas previously many Al tools were treated as low-risk “self-certified”
devices, MHRA now expects many to require notified-body assessment, reflecting a stricter stance on
potential harm (**) www.medtechdive.com). This aligns the UK more with international norms (e.g. FDA's higher

scrutiny of clinical-life-critical Al).

The MHRA emphasizes international alignment: it references ISO and IMDRF standards for bias mitigation and
quality management in Al (1?°] www.medtechdive.com). It is also building expertise, currently staffing up an Al/ML
review team. If anything stands out about the UK, it is its developer-friendly approach. MHRA envisions a
supportive future: simplifying some device requirements and accelerating approvals overall to maintain UK
competitiveness (“world’s best medical devices in Britain” policy) (www.gov.uk). The interplay between
encouraging innovation and protecting patients is being navigated via this combination of reclassification and
industry outreach.

Canada

Canada’s approach remains a hybrid of federal guidelines and provincial initiatives. Health Canada has not yet
issued an Al-specific medical device regulation but views Al software as falling under existing SaMD guidance. A
proposed federal Artificial Intelligence and Data Act (AIDA) was tabled in 2023 but died with prorogation of
Parliament in early 2025 (\*°

by the same rules as other digital health under the Food and Drugs Act, along with general laws on data privacy

practiceguides.chambers.com). Thus, to date, Al medical technologies are regulated
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(PIPEDA) and algorithms. Some provinces (e.g. Ontario, Quebec) have begun issuing ethical guidance for Al in
health or creating advisory councils, but these have no binding force. Like many countries, Canada is watching
developments in the US/EU closely and considering whether new rules specialized for medical Al will be needed.

Global and International Actions

Beyond individual countries, international bodies recognize the need for collaboration on Al in healthcare. The
World Health Organization (WHO) in October 2023 published regulatory considerations for “Al for health,”
stressing six focus areas: lifecycle transparency, risk management (intended use, cybersecurity, continuous
learning), external validation, data quality and bias mitigation, and privacy compliance (www.who.int). WHO
Director-General Tedros highlighted that Al “holds great promise” (e.g. cancer treatment and TB detection),
but also raises risks from unethical data use and bias (www.who.int). WHO's stance implies that member states
should either regulate medical Al within existing device frameworks (as the “legal bedrock”) or develop new
rules drawing on these principles (127! healthmanagement.org) (Www.who.int).

Likewise, the International Medical Device Regulators Forum (IMDRF) includes Al/ML considerations in its SaMD
guidelines, and bodies like OECD and ISO are working on Al health standards. In summary, while there is no
single global regulator, the trend is toward greater oversight and cooperation. Regulators aim for “trustworthy
Al": safe, effective, unbiased, and with human-centered controls, as echoed in policy forums worldwide.

Table 1 below summarizes key regulatory frameworks as of late 2025:

; Regulatory .
Region . . . Key Aspects for Al Devices (2025)
Authority/Legislation

~950 AI/ML devices cleared by Aug 2024 ([W] pmc.ncbi.nlm.nih.gov).

X i . FDA list for Al devices includes links to summaries ([121 www.fda.gov).
FDA (Medical Device Regulation);

. . . 28
United FDA's Al/ML-SaMD guidance High proportion cleared via 510(k) (x97% as of 2023) (L ]
States (finalized Dec 2024) ([9] www.mdpi.com). Final guidance simplifies approvals, encourages
predetermined change plans. Focus on transparency (e.g. tagging LLM
www.techtarget.com) R
use) (“3] www.fda.gov). Postmarket surveillance still weak: only 6%
devices reported adverse events ([6] pmc.ncbi.nlm.nih.gov).
Al devices require CE marking under MDR/IVDR. Most imaging Al fall
EU Medical Device Regulation under 510(k)-like notified body approval (Class lla/lib). EU Al Act
European (MDR 2017/745, IVDR 2017/746), Al classifies medical Al as “high risk” - new obligations for logging, human
Union & EEA  Act (Regulated from 2024) (I'%] oversight, robustness. MedTech Europe warns of overlap with MDR/IVDR
www.medtecheurope.org) (1101 www.medtecheurope.org). Individual states exploring
supplementary rules (e.g. health ministry oversight of Al therapy apps).
Al actively deemed to be regulated as medical devices if intended for
diagnosis/treatment ([24] www.medtechdive.com). Plan to reclassify
MHRA (UK MDR 2002, post-Brexit =~ many Al tools to higher risk classes, requiring notified-body assessment
United MDR), MHRA Al in Devices ([24] www.medtechdive.com). MHRA uses international standards
Kingdom guidance (Apr 2024); UK Al (ISO/IMDRF) for bias mitigation (L25J www.medtechdive.com). Growing
Strategy MHRA Al team (scaled up to 7.5 FTEs). Recent policy stresses access to
innovative devices, aiming to align Al rules with device regs and
economic goals (www.gov.uk).
No Al-specific device regulation yet; Al/ML software regulated as SaMD
Health Canada (FDA analog), L . [26]
. under existing framework. Federal AIDA bill lapsed (2025) (
Canada Personal Data Protection Act

practiceguides.chambers.com). Provinces issuing guidance on Al in
health. Likely to monitor outcomes of FDA/EU developments.

(pending)
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. Regulatory .
Region . . . Key Aspects for Al Devices (2025)
Authority/Legislation

WHO recommends transparency, safety, lifecycle management of Al

L tools (www.who.int). Emphasis on rigorous pre-launch evaluation and
WHO guidelines (2023); IMDRF . . . . .
Global/WHO addressing biases (www.who.int) (www.who.int). IMDRF/ISO working on

SaMD; OECD/ISO initiatives . L
standards (e.g. QMS for Al). Many countries depend on these principles
to update local laws.

Throughout these jurisdictions, a common theme is emerging: although the frameworks differ, regulators
universally stress transparency, validity, and accountability for Al medical devices. For example, WHO and
FDA both highlight the need to document the entire Al lifecycle (www.who.int) (??) www.fda.gov). International
efforts (WHO, G7, etc.) are pushing toward harmonized criteria for evaluation. In November 2025, healthcare
innovators must not only satisfy medical-device criteria but often also Al-specific rules. Navigating this rapidly
evolving landscape remains a major challenge for manufacturers and can significantly affect device deployment
and patient access.

Current Market and Adoption

Market Growth and Industry Trends

The Al medical device sector is expanding at a rapid rate. According to industry reports, the global market for
Al-enabled medical devices was estimated at roughly USD 14-19 billion in the mid-2020s, with projected
values up to $96 billion by 2030 or even ~$500 billion by 2035 ("*) www.grandviewresearch.com) (1!
www.futuremarketinsights.com). The drivers include the rising healthcare demands (aging populations, chronic
disease), the availability of big data (EHRs, images, genomics), and strategic investments by tech and pharma
companies. A recent analysis notes that “healthcare providers are increasingly turning to Al solutions to
enhance patient care, streamline workflows, and improve diagnostic accuracy” ()

www.futuremarketinsights.com).

Key metrics from regulatory approvals reflect this trend. In the United States, FDA records show 950 Al/ML
medical devices cleared by Aug 2024 (') pmc.ncbi.nlm.nih.gov), up from fewer than 400 in 2020. Of these,
roughly one-quarter have been cleared since 2021. As Table 2 illustrates, certain clinical specialties dominate
the Al device landscape. Radiology accounts for the lion's share (the FDA's 2025 "Al-driven devices index" lists
around 956 radiology devices versus 391 in 2022 (Hﬂ www.linkedin.com)). Other fields with significant growth
include cardiology, neurology, and anesthesia. Meanwhile, specialties like ophthalmology (formerly with no Al
devices in 2022) now have multiple Al tools (10 by 2025 ("'l www.linkedin.com)), reflecting expanding use cases.

These approval numbers underestimate the full market: many consumer health products and non-regulated
apps now employ Al, even if not classified as “medical devices." For example, popular smartwatches with FDA-
cleared features (ECG, arrhythmia detection, sleep apnea screening) increasingly incorporate Al analytics (/"%
www.prnewswire.com) (%) www.mdpi.com). Tech giants (Apple, Google, Samsung) are launching Al-driven
wellness features, often partnering with medical Al firms. In parallel, myriad smaller companies target niche
diagnostics; industry surveys suggest hundreds of startups worldwide focus on Al health tools. Major medical
device companies have acquired Al firms or integrated Al modules into their offerings (e.g. GE's Al-assisted
ultrasound, Philips' IntelliSpace platform, Siemens' Al-radiology suite).

Economically, the outlook remains bullish. "Al-enabled Medical Devices" is frequently cited as a high-growth
market. At a comparable scale, a GrandViewResearch report valued the market at $13.7B in 2024, growing
38.5% annually to $255.8B by 2033 (\*/ www.grandviewresearch.com). Another forecast (Future Market
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Insights) projects $18.9B in 2025 expanding to $96.5B by 2030 ('*! www.futuremarketinsights.com). These
analyses attribute growth to factors like precision medicine trends, advanced imaging, and supportive

[2]

reimbursement policies in some countries ('“' www.grandviewresearch.com). (Conversely, cost-containment

pressures and regulatory delays could temper this trajectory.)

Distribution by Specialty and Function

Analysis of cleared devices indicates broad diversification of applications. The largest category is diagnostic
imaging: Al tools for X-ray, CT, MRI, ultrasound, and nuclear medicine. These include computer-aided detection
(CAD) of abnormalities (e.g. lung nodules, bone fractures), automated quantification (tumor volume, plague
calcification), and workflow triage (e.g. prioritizing critical findings). Radiology fields such as oncology (tumor
detection), neurology (stroke detection), and breast imaging are heavily represented ("°! pmc.ncbi.nim.nih.gov).
Non-imaging diagnostics also feature: for example, algorithms analyzing ECG signals, lab results, or genetic
data.

Table 2 (below) highlights the dramatic growth in the number of FDA-authorized Al medical devices across
specialties from 2022 to 2025. Radiology leads overwhelmingly, followed by cardiology and neurology. Notably,
areas with virtually no Al tools a few years ago (e.g. ophthalmology, dentistry) now have several; many new
entrants are computer vision or machine learning apps for those fields. These figures are drawn from an
industry analysis (""" www.linkedin.com) and illustrate the surge in approvals. Similar patterns exist globally:
Europe's notified bodies report hundreds of Al-based CE-certified devices, and China’'s NMPA has steadily
increased imports and domestic approvals of Al tools (especially in imaging and pathology).

Medical Specialty FDA-Approved Al Devices, 2022 FDA-Approved Al Devices, 2025
Radiology 391 956
Cardiology 57 116
Neurology 14 56
Anesthesiology 4 22
Hematology 15 19
Gastroenterology & Urology 6 17
Ophthalmology 0 10
Clinical Chemistry (e.g. lab diagnostics) 6 9
Pathology 4 6
Dental 1 6
General & Plastic Surgery 5 6

Table 2: Comparison of the number of FDA-authorized Al/ML-enabled devices by medical specialty, 2022 vs
2025 (" www.linkedin.com). Imaging (Radiology) devices dominate, but many other fields show rapid growth in
Al tools.

Al adoption is also evident in point-of-care and wearable devices. For example, portable ultrasound systems
now use Al to assist non-expert operators (guide probe placement, interpret images), and smart sensors
monitor patients’ vitals with predictive analytics. Wearables (watches, patches) increasingly include Al-driven
features: KardiaMobile wearables detect arrhythmias using on-device algorithms (!'*) www.prnewswire.com);
smartwatches claim to predict heart failure risks via echocardiogram-like Al (") www.prnewswire.com);
continuous glucose monitors incorporate Al forecasting of glucose trends. These devices blur the lines between
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consumer health and regulated medical equipment, and some have pursued FDA clearance (e.g. Apple Watch
for atrial fibrillation, Samsung watches for LV dysfunction (" www.prnewswire.com)).

Case Study Snapshots

To illustrate real-world use, selected case studies of Al medical devices are summarized below:

e Diabetic Retinopathy Screening (IDx-DR): IDx-DR is an autonomous Al system that analyzes retinal photographs to
diagnose diabetic retinopathy. It became the first FDA-cleared autonomous Al diagnostic device (2018) ([20]
www.aafp.org). In a multicenter trial of 819 diabetic patients, IDx-DR achieved 87% sensitivity (95% Cl 82-92%) and 90%

[13]

specificity (95% Cl 87-92%) for more-than-minimal disease ( www.aafp.org). By automatically flagging referable cases,
it enables primary care clinics to screen patients without an ophthalmologist present. Its approval required meeting the
FDA's stringent "**evaluating>"). That trial's performance underscores Al's capability, but also highlights a key challenge:
IDx-DR's developers needed to demonstrate safety on a large, representative sample and to show that the device actually
improved referral rates. IDx-DR set a precedent for “Al as doctor” with documented accuracy, but it also exemplifies the

extensive validation needed in practice.

e Handheld 12-Lead ECG (AliveCor Kardia 12L): In mid-2024, AliveCor announced FDA clearance of the Kardia 12L system,
a portable 12-lead ECG equipped with Al algorithms (KAI 12L) to detect 35 cardiac conditions including MI (heart attack)
(“4] www.prnewswire.com). The Al was trained on 1.75 million ECGs and can interpret signals using a reduced lead set.
This device represents a leap in point-of-care cardiology: it brings hospital-grade diagnostics to clinics and ambulances in a
pocket-sized form, using Al to compensate for simplified hardware. AliveCor's dual FDA clearance (device + Al algorithm)
highlights how novel hardware-software combinations now undergo integrated review. Performance studies are ongoing, but
initial FDA review cited studies showing accuracy comparable to standard 12-lead ECG interpretation. The key innovation is
Al-enabled inference from fewer electrodes, a testament to deep-learning’s pattern recognition.

e Colonoscopy Al Assistance (ACCEPT Trial): In a prospective clinical trial across Poland, endoscopists used an Al tool for
polyp detection (part of the Al in Colonoscopy for Cancer Prevention, ACCEPT trial). Results showed that over six months of
routine use, doctors became reliant on Al: when the same doctors removed Al, their adenoma detection rate (ADR) dropped
from 28% to 22%, indicating overreliance ([8] time.com). This provides a cautionary example: an Al “second reader”
clearly boosts detection (notably in clinically relevant ADR), but undermines skill retention if users do not maintain vigilance.

[30]

It underscores pollster fears of “deskilling” with pervasive Al tools ( time.com). Regulatory take-away: even beneficial Al

support can have unintended behavioral effects.

e Al in Radiology Workflow (ESR Survey): A 2024 survey of 572 European radiologists found widespread beliefs about Al's

impact ([31 pmec.nchi.nlm.nih.gov). Respondents rated Al's impact as highest in breast and oncologic imaging (CT,
mammography, MRI) for screening asymptomatic patients. Roughly half did not expect Al to reduce jobs ([3J

pmec.nchi.nlm.nih.gov). However, importantly, 48% believed “Al-only/ fully automated reports would not be accepted by
patients” ([3“ pmec.nchi.nlm.nih.gov). This qualitative case shows that even among specialists, acceptance of Al as a
stand-alone tool is limited; physicians see Al mostly as an assistant rather than a replacement. It also reveals that health
providers expect Al advantages in large-scale screening but worry about trust and the patient relationship.

e Digital Mental Health Apps (Woebot, etc.): Although not clinical “devices”, Al-driven therapy apps (chatbots like Woebot,
virtual counseling bots) are proliferating. Regulatory bodies have begun focusing on them. For example, FDA's advisory
committees are scheduled (Nov 2025) to evaluate Al mental health devices (like chatbots for depression) ([32]

www.reuters.com). This follows real-world incidents and policy moves: by 2025 some US states (lllinois, Nevada) banned

(t=el

unregulated Al therapy, citing cases of harm reported by users apnews.com). These developments exemplify how Al's

extension into patientfacing tools is outpacing policy.

These cases demonstrate both potential and pitfalls of Al in medicine. Statistically, many Al tools are
approaching clinician-level performance in trials; but actual clinical outcomes studies remain scarce. The
AliveCor and IDx-DR examples show Al enabling powerful diagnostics, while the colonoscopy study and ESR
survey highlight limitations (overreliance, patient trust). In every area, publications often emerge that evaluate Al
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tools in practice — e.g. peer-reviewed trials in JAMA, The Lancet, Nature Medicine — but these are still the
exception rather than the norm.

Technical Considerations and Validation

Al medical devices are grounded in advanced machine learning techniques. Most bubble-level applications use
supervised learning (training neural networks on labeled clinical data). The choice of algorithm (e.g.
convolutional neural networks for images, recurrent networks or transformers for signals/text) depends on the
modality. Recent interest in foundation models (large-scale pre-trained networks like GPT) is growing, especially
for medical text and even medical image synthesis (\'°) www.fda.gov) (°! pme.nebi.nim.nih.gov). While generic Al
models excel at pattern recognition, deployment in healthcare has strict requirements: data representativeness,
model interpretability, robustness to distribution shifts, and integration with workflow.

A critical technical challenge is data quality and bias. Medical Al models can inadvertently reflect biases in
their training data. For example, if an imaging dataset under-represents certain ethnicities or age-groups, the
model may perform poorly on those patients. Moreover, surrogate endpoints are often used: a cost-based proxy
led to racial bias in a US health algorithm (Black patients had to be sicker to be flagged) (/) spectrum.ieee.org).
Recognizing this, experts advocate careful dataset curation and bias evaluation. WHO's guidelines emphasize “a
commitment to data quality” and rigorous pre-release evaluation to avoid "amplifying biases” (www.who.int).
Likewise, regulators encourage external validation on independent cohorts to verify generalizability.

Explainability (interpreting why an Al made a decision) is often cited as an issue. Many deep learning models
are opaque, leaving clinicians uncertain why a certain lesion was flagged. Some argue that performance matters
more than explicability, so long as models are validated. Others demand interpretable models or at least post-
hoc attribution maps. Consensus is that critical applications (e.g. diagnosing cancer) need either some form of
explanation or a very high bar of evidence.

Performance evaluation of Al devices typically uses metrics like sensitivity, specificity, AUC-ROC, etc. In
practice, FDA reviewers often rely on positive/negative predictive values or comparisons against gold-standard
human reads. For instance, IDx-DR's clearance was based on demonstrating that its sensitivity/specificity in
screening was comparable to that of a human specialist (ng www.aafp.org). AliveCor's Kardia 12L similarly cited
large validation sets. However, as noted above, outcome-based proof (showing that patient outcomes improve)
is rare (I°! pmc.ncbi.nim.nih.gov). This is partly due to the difficulty and expense of running prospective clinical
trials for every Al tool.

Regulators and researchers thus emphasize the complete evaluation pipeline. The Clean-Statistics in Al in
medicine movements call for any approved Al tool to come with thorough documentation of dataset
characteristics, internal/test split methodology, and ideally external validation studies. The FDA's finalized
guidance suggests that companies include a "Predetermined Change Control Plan" - a predefined protocol for
how the model may be retrained or updated post-approval, since purely adaptive algorithms could otherwise
veer off course (m www.techtarget.com) (www.who.int). Continuous learning systems are still largely theoretical;
in practice, most Al devices today are "locked” models that may be manually updated through supplementals or
re-submission.

Safety and Reliability: Like any medical device, Al-enabled tools must be fail-safe. Consider sensor failure,
software bugs, or adversarial inputs. There have been proof-of-concept demonstrations that adding subtle
noise to an image can fool a neural network, raising concerns about cybersecurity. Regulators now expect
manufacturers to address such issues as part of quality management. For instance, MHRA and FDA guidance
reference adherence to international safety standards and cybersecurity protocols for connected devices (**
pme.nchi.nlm.nih.gov). Postmarket surveillance is a key aspect: FDA's analysis found that by late 2025 only ~5%

of cleared Al devices had reported any adverse events, suggesting underreporting or insufficient monitoring (W
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). Industry experts thus call for better registries and even real-time performance tracking
once Al tools are deployed.

Clinical Impact and Evaluation

How is Al actually affecting patient care? Preliminary evidence indicates benefits but also caveats. Diagnostic
accuracy is often the first measure. Several peer-reviewed studies have demonstrated that Al can match or
exceed human experts in image interpretation. For example, convolutional networks trained on large
dermatology image sets have achieved dermatologist-level skin cancer detection. In radiology, large-multicenter
studies (e.g. McKinney et al., 2020) showed that Al improved some cancer detection rates. However, these
studies typically involve curated, retrospective datasets under optimal conditions. Real-world performance can
be lower due to variation in equipment, patient populations, and workflow.

Experts note that Al tools should be viewed as decision support, not decision replacement. A commentary in
Time magazine (2025) pointed out that while “>1,000 Al tools [are] approved by the FDA" and used by the
majority of physicians, Al is “not a substitute for doctors”: it can make mistakes or false positives, and over-
reliance can "“impair clinicians’ skills" ( ). This perspective is echoed by many clinicians: in the ESR
survey, nearly half of radiologists said patients would not trust a report written solely by Al (

). Instead, Al is expected to augment clinicians — highlight findings, suggest differentials, or
automate routine measurements, freeing time for human judgement.

In practice, a few clinical trials have begun to validate outcomes. For instance, low-intensity trials in screening
reduced missed cases: Al-assisted endoscopy trials have shown higher polyp detection rates (though with the
deskilling issue noted above). In pathology, some hospitals have piloted Al triage of prostate biopsies, finding
that pathologists reach diagnoses faster when aided by the algorithm. More systematic evidence is emerging: a
2025 Annals of Biomed Data Sci review noted some preliminary efficacy data but concluded that “little evidence
exists so far for [Al devices’] effectiveness in practice” ( ). Especially lacking are large
randomized controlled trials comparing Al-augmented care to standard care, with endpoints like mortality or
cost-effectiveness. Ethical reviews often require such trials, but they are logistically challenging.

From a workforce perspective, effects are nuanced. Some specialties fear job displacement (radiology is often
cited), but surveys suggest resilience: many radiologists believe Al will change their work but not eliminate their
role ( ). An MIT study (2023) found that routine tasks (like initial reads) might be
automated, but complex cases and human communication remain physician tasks. Conversely, overwork in
healthcare may ease if Al can triage low-risk patients. Still, there is a modern version of the “Al effect”: tasks
that seem valuable when done by doctors are undervalued when automated, potentially leading to worker
dissatisfaction or credentialing issues.

Data Analysis and Evidence Synthesis

Several analyses have quantified the landscape of Al medical devices. Beyond raw counts, academic reviews
have dissected the evidence base. Lin et al. (2025) provided a data-driven evaluation of benefit-risk reporting
for 691 cleared U.S. AI/ML devices ( ). Key findings include:

e Sparse reported evidence: 46.7% of device summaries lacked any mention of study design; 53.3% lacked
training data size; 95.5% gave no demographic breakdown ( ). Only 1.6% of devices
had RCT data, and fewer than 1% reported patient outcomes ( ).

e Postmarket events: 489 adverse events (mostly malfunctions) were reported for 36 devices (5.2%),

including 30 injuries and 1 death ( ). About 5.8% of devices were eventually recalled
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(113 recalls across 40 devices) (°! pmc.nchi.nim.nih.gov), mostly for software issues. These rates, while
relatively low, still involve serious harms (e.g. a device misdiagnosis that led to patient loss).

¢ Regulatory pathway stats: Of the devices studied, 96.7% were cleared via 510(k) equivalence, 2.9% via De
Novo, and only 0.4% via PMA ([281 www.mdpi.com). This shows a reliance on the “shorter” pathway that
permits broad claims based on similarity to existing devices. PMA (the highest standard) was nearly unused,
raising questions about whether more rigorous review is needed for novel Al.

Another study (Joshi & Jain, 2024) catalogued 691 FDA-approved Al/ML devices (up to Oct 2023) and
highlighted similar trends ("*" www.mdpi.com). It noted that no cleared device (as of that update) employed
generative Al (LLMs) (12?1 www.mdpi.com), a reassuring fact but also indicating that the most cutting-edge Al has
not yet entered the regulatory pipeline. Their data confirmed 108 approvals in 2023 alone ('*"" www.mdpi.com),
reflecting a steep year-on-year growth.

On the international front, data are more fragmented. The EU does not publish a centralized device list by Al
usage, but trade groups report similar growth patterns in CE-certifications. China's NMPA has increased its
approvals of innovative medical devices — a 2024 official report (released in Feb 2025) noted a spike in
advanced device registrations, many of which incorporate Al (:°°) www.linkedin.com). Emerging markets often
rely on fast-track reviews of devices approved elsewhere, suggesting that the U.S. and EU trends will propagate
globally.

In summary, the quantitative evidence confirms explosive growth but also highlights worrisome shortfalls: most
devices reach market without gold-standard clinical testing, and only a minority report safety outcomes. These
gaps justify calls for stronger post-market evidence generation — e.g. mandated registries to track real-world
performance, or requirements that certain high-risk Al tools be evaluated in trials. Industry responds by
promising to publish more data; open-source platforms and collaborative studies are on the rise (e.g. NIH-
sponsored data sets for Al benchmarking, or partnerships like the RSNA Al-pix challenge).

Ethical, Legal, and Social Implications

The proliferation of Al in medical devices raises deep ethical and societal questions. Key issues include bias
and equity, privacy and consent, accountability, and workforce impacts.

Algorithmic Bias and Equity: As mentioned, Al models can perpetuate or amplify biases. In healthcare this can
translate to unequal diagnosis or treatment. The earlier racial bias example (") spectrum.ieee.org) is instructive:
an algorithm allocating care resources underestimated Black patients’ needs because it used healthcare costs
as a proxy. Similarly, if an Al imaging tool were primarily trained on images from one ethnic group, it might miss
pathologies more common in others. These concerns have led to calls for new guidelines. For instance, a 2019
Olympic pub in Science and subsequent commentaries argued for transparency on training data race/ethnicity
composition. WHO's 2023 guidance explicitly urges “rigorous evaluation [of Al] pre-release” to avoid
amplifying biases (www.who.int). Professional societies are also active: the American Medical Association and
others have published principles for Al that emphasize fairness (e.g. testing across diverse populations).

Data Privacy and Security: Al devices often rely on sensitive patient data. Training large models requires
health records, images, and other personal data. Ensuring this data is protected (according to HIPAA, GDPR,
etc.) is crucial. WHQO's guidance notes the challenge of Al accessing “sensitive personal information,”
recommending robust legal frameworks (www.who.int). In practice, developers use de-identified data and
secure environments, but breaches of hospital IT systems remain a risk. There is also the question of consent:
patients may not realize an Al algorithm is involved in their care. Some ethicists argue for explicit disclosure if an
Al system will influence a diagnosis or treatment plan.
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Transparency and Trust: Patients and providers must trust Al tools. This requires transparency about device
performance and limitations. WHO stresses transparency in the Al lifecycle (www.who.int). If a device uses an
LLM, stakeholders should know. Likewise, devices often come with “black box" warnings or require a clinician to
validate results. In Europe, the first level of the Al Act mandates some transparency obligations (e.g. informing
users that Al is being used, and high-level logic description). In clinical practice, some institutions have
committees reviewing Al tools clinically (like institutional review boards) to determine when and how providers
can rely on them. Mistrust is evident in patient surveys: as one radiology survey found, many patients would not

3]

accept a diagnosis made by Al alone ({ pmec.nchi.nlm.nih.gov). Ethical deployment, therefore, means Al should

support — not supplant — clinician judgement.

Accountability and Liability: If an Al device makes an error that harms a patient, who is responsible? The
manufacturer, the doctor who used it, or the hospital deploying it? Legal frameworks are still catching up.
Currently, liability tends to fall on the clinician or institution, because device makers are typically shielded by
product liability regimes. However, some argue that regulators should treat advanced Al like medical
practitioners, given their decision-making role. New U.S. legislation has been proposed (not yet passed) to
clarify Al liability rules, and professional societies advise that clinicians retain final responsibility for patient care.

Workforce and Professional Impact: Al's ascent will reshape healthcare work. Automation of routine tasks
could over time reduce demand for certain roles (e.g. image preliminaries, simple consultations). Conversely, it
may create demand for new expertise (Al specialists, data scientists in hospitals). Importantly, some fear
sdeskilling”: as studies (I°! time.com) (! time.com) have suggested, clinicians may lose sharpness in visual or
cognitive skills if they over-depend on Al prompts (the “Google Maps effect” analogy ("°°! time.com)). Training
programs and continuing education may need to adapt, emphasizing how to use Al effectively while maintaining
core skills.

Societal and Ethical Balance: Finally, broader questions loom. Will Al medical devices become a new source of
health inequality (if only wealthy healthcare systems can afford cutting-edge tech)? Will widespread Al use alter
the patient-doctor relationship, and how should consent evolve? Organizations like WHO and OECD stress that
as Al tools become powerful, strong governance is needed to ensure "Al in health is accessible, trustworthy, and
used to benefit all” (www.who.int) (www.who.int). Current policies - EU’s transparency rules, U.S. FDA's push for
validation, industry commitments to bias mitigation — reflect an ethical consensus that Al must amplify human

capability and not widen disparities (°°! time.com) (www.who.int).

Case Studies and Real-World Examples

Beyond abstract discussion, examining real-world deployments provides insight. Below are select illustrative

case studies:

e Al-Assisted Mammography Screening (DeepMind-Nature, 2020): In a landmark Nature study (2020), Google researchers
reported that their deep learning model reduced false positives and false negatives in UK and US breast cancer screenings
compared to radiologists alone. The algorithms were trained on hundreds of thousands of mammograms. Importantly, when
the Al findings were combined with readings from radiologists, overall accuracy improved. This study (McKinney et al.) did
not involve a cleared product, but demonstrated feasibility. Clinical implementation is ongoing: the UK's NHS has run trials of
integrating such Al as a second reader in breast screening programs. This case underscores the potential of Al to augment
screening accuracy, but also the need to combine human oversight with algorithmic input to gain optimum benefit.

e Skin Cancer Detection (Mobile Apps): Several smartphone apps (e.g. FDA-cleared “SkinVision”, Google's SkinAl) claim to
identify melanoma risk from photos. These consumer-oriented tools use machine learning on image databases. They are not
formal "“medical devices” (and most have disclaimers to see a doctor) but do blur lines. Studies have given mixed results for
public use: one review found that while some apps have >90% sensitivity, many also have high false positives and are often
trained on lighter-skinned populations. Regulators have warned that unregulated use could mislead patients. This illustrates
how “medical-grade” Al (like IDx-DR) differs from widely disseminated wellness apps: the latter often lack rigorous
oversight.
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e Ventilator Management (COVID Remote ICU): During the COVID-19 pandemic, hospitals in some countries piloted Al
systems to manage ventilators and detect patient deterioration. For example, algorithms analyzed ventilator waveforms to
predict respiratory failure earlier than traditional monitors. In one Dutch ICU, an Al was integrated into the alarm system to
reduce false alarms by 50%. Although not FDA-approved devices, these hospital innovations (often running on research
software) show Al's role in critical care. Data privacy and validation were major hurdles: such systems had to balance patient
confidentiality with the need to collect high-frequency data. Post-pandemic, some integrated features (like triaging alerts)
have been adopted in next-gen ICU monitors.

e Al-Powered Inhalers (Propeller Health): Propeller Health's platform combines sensors on asthma inhalers with Al to

predict which patients are at high risk of exacerbation ([4] www.futuremarketinsights.com). The device (not formally a
"medical device” but part of remote monitoring) collects usage patterns and contextual factors (weather, location) to flag
potential problems. In clinical case series, Propeller’s system reportedly reduced ER visits by guiding interventions
(education, medication adjustment). This case exemplifies Al in chronic disease management: big data analytics applied to
connected devices and apps.

e Surgical Robotics (da Vinci with Al assists): Intuitive Surgical’s da Vinci robot itself uses robotic controls, and more
recently includes Al modules (like guidance suggestions). For example, the da Vinci Xi system can overlay 3D anatomical
models onto the surgeon'’s view using preoperative imaging. Though fully autonomous surgical Al does not yet exist,
incremental Al features (e.g. tremor reduction, movement scaling) are present. Future versions are expected to incorporate
machine vision to alert surgeons to unseen structures (blood vessels, nerves) in real-time. Regulatory clearance for fully
autonomous robotic surgery is not yet attainable, but this domain is a prime example of where Al is advancing gradually: not
as a standalone device, but as an embedded assistant in surgical toolsets.

These case studies emphasize variety: imaging diagnostics, consumer health apps, ICU monitoring, chronic
care, and surgical assistance. In each, Al is used differently and faces distinct evaluation needs. Diagnosis tools
(mammography, dermatology) face rigorous trial standards, whereas operational supports (ventilator alarms)
are approved internally. The common thread is that each application yields data on performance, adoption, and
impact - though in many cases that data is proprietary or limited to pilot studies. What is clear is that cross-
disciplinary evaluation (engineers, clinicians, ethicists) is essential: what works in an algorithmic test may
falter in the complex hospital environment.

Discussion: Challenges, Perspectives, and Future
Directions

The introduction of Al into medical devices has far-reaching implications. In practice, several challenges have
surfaced:

1. Clinical Validation and Evidence: Many Al tools are marketed with evidence mainly from retrospective or synthetic
datasets. Clinical usage conditions (patient movement artifacts, comorbidities, unusual cases) can degrade performance.
The JAMA analysis ([51 pmec.nchi.nlm.nih.gov) highlights that <2% of devices had any randomized trial data. Going forward,
demand is likely to grow for prospective impact studies. For instance, an upcoming randomized trial might compare Al-
assisted mammography vs. standard workflow to measure biopsy rates, cost-effectiveness, and patient outcomes. Such
studies are time-consuming but could establish the real value of Al interventions.

2. Integration into Workflow: Even high-performing Al must fit into clinicians' routines. Several surveyed radiologists lament
that many Al products (often from vendors) do not integrate with picture-archiving systems or add workflow friction. Nurses
and doctors may ignore Al alerts if they come as isolated fees or require extra steps. Thus, human-computer interaction and
usability are crucial design factors. Some systems now use “intelligent choice architecture” — guiding clinicians through Al
outputs rather than replacing their judgment ([36] time.com). Human factors engineering is becoming part of the design
process, to ensure Al recommendations are presented clearly and fit into existing EMR or PACS interfaces.
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3. Variance in Adoption Across Providers: Adoption is uneven. Large academic and progressive medical centers are early Al
adopters. Resource-poor or smaller community hospitals may lag due to cost, lack of IT infrastructure, or limited digital
data. This can widen care gaps: for example, advanced Al cancer screening might be available only in high-cost health
systems or affluent regions. Policymakers must consider equity: as WHO's guidance implies, they may subsidize or
incentivize Al tools that serve underserved populations (e.g. Al radiology for rural clinics).

4. Reimbursement and Cost-effectiveness: A major barrier is payment. In the U.S., Medicare and insurance may not
separately reimburse for Al interpretation if it's seen as part of the primary service. Value- or outcome-based models might
favor Al if it demonstrably prevents adverse events or hospitalizations (e.g. remote monitoring averting asthma attacks).
Some proposals suggest a new billing code for Al reading, but adoption is nascent. In countries with cost-control systems,
hospital administrators will weigh an Al technology’s price tag against potential savings from efficiency gains. Inflationary
pressures on healthcare budgets mean even effective Al might struggle without clear cost-benefit evidence.

5. Ongoing Updates and Versioning: Unlike fixed medical devices, Al models may be updated as new data arrives. For
products that use “continual learning,” regulators are still testing oversight models. The FDA's concept of a “Predetermined
Change Control Plan” (PCP) would allow some algorithm updates without full re-approval, so long as the manufacturer

demonstrates that changes remain within a validated scope ([9‘ www.techtarget.com). In practice, few approved devices
currently self-update; most companies freeze the algorithm and then submit a new 510(k) when they improve it. In future,
cloud-based Al services could allow iterative improvements, but they will need robust monitoring to ensure consistency.

6. Ethics and Patient Autonomy: There's an ongoing debate on whether patients should be informed when Al is used in their
care. Some institutions plan to include disclaimers (“this diagnosis was assisted by an Al tool"), while others integrate it
invisibly. Patient surveys are mixed: some patients welcome Al if it speeds care; others worry about machines dictating
decisions. Global guidance often calls for transparency and patient consent where feasible, which may evolve into new
informed-consent norms (e.g. a checkbox about Al use).

Looking forward, several emerging trends are clear:

e Foundation Models and Multimodal Al: Large pretrained models like GPT-4x and multimodal systems (combining text,
image, and genomic data) are being adapted for medical use. For example, Al chatbots that can access medical databases
and images might help diagnose rare diseases. FDA's interest in labeling devices with LLM components (“5] www.fda.gov)
suggests that by 2026 we may see medical imaging consoles or EHR assistants powered by behind-the-scenes LLMs.
However, the stakes are high: generative Al can hallucinate, so rigorous guardrails will be needed.

e Interoperability and Standards: The availability of open healthcare data standards (like FHIR in the U.S.) is facilitating Al
integration. Initiatives such as the FDA's Al Device Library and shared research datasets (e.g. open cancer image
repositories) help developers train and validate. In parallel, international bodies are drafting Al safety standards (ISO 22863,
etc.) that will guide future device design.

e Global Regulatory Harmonization: Over the next few years, we expect some convergence. For example, the EU and UK
might mutually recognize certain Al conformity assessments, and harmonize post-market study requirements. The FDA is
engaging with international regulators (via IMDRF) to align principles. It is possible that future WHO or G20 meetings
produce a common framework for Al in health.

e Consumer vs Clinical Blurring: As consumer devices (smartphones, wearables) gain health monitoring features, the line
between regulated medical device and wellness gadget will continue to blur. This poses a regulatory challenge: should an Al
app for general skin health (no claim of disease detection) be FDA-regulated? The U.S. has generally regulated based on
intended use — but companies have shown they can tweak marketing claims to avoid regulation ([37] apnews.com), which
may prompt tighter rules or definitions.

e Economic and Access Implications: If Al substantially improves efficiency, healthcare costs per patient could fall, enabling
more preventive care or remote monitoring. Telehealth combined with Al triage could reach patients in remote areas.
Conversely, dependence on Al might increase upfront costs (for software and data handling) and create vendor lock-in.
Policymakers are weighing these possibilities; for example, some payers are considering value-based Al reimbursement
(payment if outcomes improve) rather than flat fees.

In terms of stakeholder perspectives, key groups vary in their views. Most technology advocates and some
healthcare executives are optimistic, citing big data and algorithmic leaps. Many clinicians are cautiously
receptive: they like tools that help with heavy workloads, but worry about false alarms and liability. Patients
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generally want quicker answers, but also assurance of human oversight and privacy. Insurers and hospital
leaders are watching cost-benefit closely; large systems (Kaiser/Geisinger/etc.) have their own Al R&D labs,
betting on long-term gains.

Finally, international strategic interests are shaping the landscape. The U.S. government’s Al policy (post-2024)
emphasizes leadership and removing barriers to innovation (:°¢ www.iqvia.com). Similarly, the EU and China are
investing heavily in Al, including in healthcare. MedTech firms note that geopolitical factors may affect supply
chains (e.g. semiconductors for Al boards) and standards. At institutions like the White House OSTP, officials
have explicitly linked health Al to national competitiveness.

Conclusion

By November 2025, Al in medical devices has transitioned from a niche frontier to a mainstream component of
healthcare technology. Thousands of products—ranging from imaging software and monitoring devices to digital
health apps—now incorporate machine learning capabilities. The regulatory, clinical, and commercial engines are
all engaged: firms race to develop new Al tools while registries and guidance try to ensure they are used safely.

Our review finds that significant progress has been made. Al devices are finally commonplace in radiology
suites, operating rooms, and potentially even in patients’ hands (via wearables and phones). Quantitative growth
is striking: dozens of new FDA clearances every quarter (\') pmc.ncbinlm.nih.gov) (" www.mdpi.com). Clinically,
some Al tools are already improving screening and diagnosis workflows; case studies (like IDx-DR and AliveCor'’s
ECG system) show real patient-level benefits when properly validated ("' www.aafp.org) (1'%

WWW.prnewswire.com).

At the same time, substantial risks and unknowns remain. The current evidence base for Al devices is often
weaker than for traditional drugs or devices (\°! pmec.nchi.nlm.nih.gov). Regulatory frameworks are in transition
and sometimes fragmented (e.g. overlapping Al Act vs. MDR). Data privacy and bias pose unresolved ethical
issues (/! spectrum.iece.org) (www.who.int). The healthcare system must adapt: clinicians need training on new
tools, hospitals must invest in IT, and reimbursement models must evolve.

Looking ahead, the trajectory is firmly upward. Generative and multimodal Al are on the horizon, promising
more sophisticated diagnostic and management tools. International regulators are gearing up for LLM-driven
diagnostics. Health systems in lower-income regions may start adopting Al as cloud-based services if initial
successes are seen. At the same time, watchdogs will scrutinize hype versus reality: ongoing large clinical
studies and continued post-market monitoring should gradually clarify Al's true impact on outcomes and safety.

In conclusion, the state of Al medical devices as of Nov 2025 is one of dynamic growth and cautious optimism.
With every new clearance and product launch, the capabilities of Al expand, but so do lessons on how to govern
it. Stakeholders across the healthcare ecosystem must continue to collaborate: clinicians and developers co-
design better tools, regulators update oversight mechanisms, and researchers rigorously evaluate outcomes. If
done well, Al medical devices can enhance the quality, accessibility, and efficiency of care. If done poorly, they
risk patient harm and public distrust. The evidence and expert analyses presented here provide a foundation for
informed decision-making as this transformative field moves forward.

Sources: All claims and data in this report are substantiated by recent publications and official reports (see
inline citations). Key references include FDA and WHO guidance documents (%) www.fda.gov) (www.who.int),

19T www.medtecheurope.org), peer-reviewed studies (I

regulatory news items (") www.techtarget.com) (*
pmec.ncbi.nim.nih.gov) ([%! pmec.ncbi.nim.nih.gov), market research ([4! www.futuremarketinsights.com) (2!

www.grandviewresearch.com), and reporting by reputable news outlets (°?) www.reuters.com) ("% time.com).
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North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US
market in custom Al software development and pharma implementations with proven results across public
biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies including Scilex Holding Company
(SCLX) and leading CROs across North America.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and
ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al
infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,
automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field
force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and
automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom
data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no
representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or
availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives
be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or
damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated
content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information
before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of
their respective owners. All company, product, and service names used in this document are for identification purposes
only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and
biotech companies. As the premier US-based Al software development company for drug development and
commercialization, we deliver cutting-edge custom Al applications, private LLM infrastructure, document processing
systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al
expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,
please consult with appropriate qualified professionals.
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